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Preface and Acknowledgments

Preface

Wind erosion isaserious problem on agricultural landsthroughout the United States aswell
astheworld. Theability to accurately predict soil loss by wind is essential for, among other
things, conservati on planning, natural resource inventories, and reducing air pollution from
wind blown sources. The Wind Erosion Equation (WEQ) is currently widely used for
assessing average annual soil loss by wind from agricultural fidds. The primary user of
WERQ is the United States Department of Agriculture, Natural Resources Conservation
Service (USDA-NRCS). When WEQ was developed more than 35 years ago, it was
necessary to make it a smple mathematical expression, readily solvable with the
computational tools available. Since its inception, there have been a number of effortsto
improve the accuracy, ease of application, and range of WEQ. Despite these efforts, the
structure of WEQ precludes adaptation to many problems.

The USDA appointed ateam of scientiststo take aleading rolein combining the latest wind
erosion science and technology with databases and computers, to develop what should be
a significant advancement in wind erosion prediction technology. The Wind Erosion
Prediction Sysem (WEPS) incorporates this new technology and is designed to be a
replacement for WEQ.

Unlike WEQ, WEPS is a process-based, continuous, daily time-step model that simulates
weather, field conditions, management, and erosion. WEPS 1.0 consists of the WEPS
science model with a user friendly program that has the capability of simulating spatial and
temporal variability of field conditionsand soil loss/depositionwithinafield. WEPS 1.0 can
also simulate simple field shapes and barriers on the field boundaries. The saltation/creep,
suspension, and PM 10 components of eroding material also can be reported separately by
direction in WEPS 1.0. WEPS 1.0 is designed to be used under awide range of conditions
inthe U.S. and is adaptable to other parts of the world. For further information regarding
WEPS contact:

WEPS

USDA-ARS Wind Erosion Research Unit
1007 Throckmorton Plant Science Center
Kansas State Univasity

Manhattan, Kansas 66506

Phone: 785-532-6495
E-mail: weps@weru.sku.edu
URL: http://www.weru.ksu.edu/weps
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WEPS INTRODUCTION 1.1

Introduction

How to Use This Document

The Wind Erosion Prediction System or ‘WEPS' is a process based, daily time-step, wind
erosion simulation model. It representsthelatest in wind erosion prediction technology and
is designed to provide wind erosion soil loss estimates from cultivaed, agricultural fields.
WEPS 1.0 consists of the computer implementaion of WEPS science with a user interface
designed to provide a easy to use methods of providing inputs to the model and obtaining
output reports.

The WEPS 1.0 User Manual is designed to provide information to different levels of users.
The minimum computer requirements and the steps to install WEPS on your computer
(Chapter 1) are described bel ow. Thoseuserswho are compl etely new to WEPS should start
withthe“Beginners Guide” (Chapter 2). It isrecommended that, asa minimum preparation
to use WEPS, the user shauld read the “ Overview of the Wind Erosion Prediction System”.
Once WEPS has been instdled on your computer, the user should learn how to make a
simple simulation run using the “ Quick Start for WEPS 1.0". For usersinterested in more
details of the science behind WEPS, the chapter titled “ Science - How WEPS Simulates
Wind Erosion” (Chapter 3) isrecommended. A more detailed description of the science of
the WEPS model isavailablein the*WEPS Technical Description” whichisavailablefrom
WERU. More experienced users should become familiar with “How to Operate WEPS’
(Chapter 4), which goesinto detail of how to use all of the capabilities of WEPS 1.0. These
details are also available in the *Online Help’, accessible through the WEPS 1.0 interface
screen. Example problems are contained in Chapter 5, “Using WEPS in Conservation
Planning”. Thissection guidesthe user through exercises whichdescribe how to ue WEPS
to design conservation systems. Anindex to the WEPS User Manual isavailablein Chapter
6. Finaly, the“Appendices’ Chapter 7 contains asuggested outlinefor training others how
to use WEPS. The Appendces also contain the text for the WEPS tutorials which are
availableon CD-ROM. Thesetextswill be useful for those who are not ableto listen to the
audio portion of the tutorials and want to ‘read along’.

Throughout this manual, the “user” refers to the person(s) using WEPS 1.0 to set up and
makeasimulationrun. “Operator” refersto the producer or land manager whoseactual field
is being simulated with WEPS. This manual contains many graphics which are examples
of what can be seen on the computer screen using WEPS. In addition, WEPS will
continually be improved and the screens may change. Therefore, the user may or may not
see the exact samescreens as thoseillustrated in this manual .
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1.2 INTRODUCTION WEPS
Minimum Computer Requirements

The minimum requirementsto install and operate WEPS1.0 are: A personal computer (PC)
with Windows 95/98 (48 Mb RAM) or Windows NT (64 Mb RAM); Windows 2000 (192
MbRAM); 128 MHz Pentium; 100 Mb free disk space onthe hard drive; aCR-ROM drive
for installation; and a VGA color monitor with a minimum screen resolution if 800 x 600
pixels. Contact WERU if you need assistance.

Installation

Insert the WEPS1.0 CD intothe CD-ROM drive. Click [Start] [Run] and enter { w:/setup}
where “w” represents the drive letter for your CD-ROM drive. Follow the instructions on
thescreen. NOTE: Seethe*“readme” filefor up-to-dateinstall ation instructionsfor this CD-
ROM.

WEPS1.0 is aso avalable for download on the WERU web site at
http://www.weru.ksu.edu/weps. Follow thelink for WEPS download and fill out the WEPS
Download Registration form. By filling out the registration form, WERU will provide
notices of updatesto themodel. The download file consists of anexecutable file which will
install WEPS onto your computer. Contact WERU if you need assistanceat:

Phone; 785-532-6495
E-mail: weps@weru.ksu.edu .
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WEPS BEGINNERS GUIDE: OVERVIEW OF WEPS 2.1

An Overview of the Wind Erosion Prediction System

Introduction

TheWind Erosion Prediction System (WEPS) isaprocess-based, daily time-step model that
simulates weather, field conditions, and erosion. WEPS development is in response to
customer requests for improved wind erosion technology. It is intended to replece the
predominately empirical Wind Erosion Equation (WEQ) (Woodruff and Siddoway, 1965)
as a prediction tool for those who plan soil conservation systems, conduct environmental
planning, or assess offsite impacts caused by wind erosion.

WEPS devel opment involves an ARS-led, nationa, multi disci plinary team of scientists. It
has a multi-agency commitment consisting of the Agricultura Research Service (ARYS),
Natural Resource Conservation Service (NRCS), and Forest Service (FS) from the U.S.
Department of Agriculture, along with the Environmental Protection Agency (EPA), theU.S.
Army Corps of Engineers, and Bureau of Land Management (BLM).

¥ : — Objectives
Wind E Prediction Syst
" msml(lwﬁ,s“): on System The purposes of WEPS are to
improve assessment of soil loss by
- gupat L wind from agricultural fieldsand to
e Main provide new capabilities such as
T Report bl Y n.g plant damage, calgulating
4 r-———¥=—=-1| suspension loss, and estimating
el o myaoory |}| PM-10 emissionsfrom the field.
Files " Input : * :
" Fae ||| Management | 1| Background
e . Erojece) I 7 1| Soil erosion by wind is initiated
| cimae  [Ly o s il when the wind speed exceeds the
I ! : ¥ Il saltation threshold speed for a
: Sols  |» H | : given soil and biomass condition.
! : I = 1| After initiation, the duration and
[ Management [ @] Decomponaen] 1| SEVEXity oOf an erosion event depend
, | ; - | on the wind speed and the
: — | : e ] evolution of the surface condition.
! Decompastiion [P I 1| Because WEPS is a continuous,
| . i Il daily time-step model, it simulates
b o - | Weather . . .
DATABASES i il not only the basic wind erosion
" “supmopErs | [Processes, but glso the processes
- that modify asoil's susceptibility to
Figure 2.1. Structure of the WEPS mode!. wind erosion.
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2.2 BEGINNERS GUIDE: OVERVIEW OF WEPS WEPS

The structure of WEPS is modular and cond gts of auser-interface, aM AIN (supervi sory)
routine, seven submodels, and four databases (Fig. 2.1). The user-interfeceisused to crede
input files with information from the databases and the weather generator. In a practical
application, new input filesusudly will be created by using previousinput files astemplates
modified within the user-interface.

Simulation Region
i < In WEPS, the simulation regon is
N Simulation afield (Fig. 2.2). Users must input
TEGOm anghe the geometry of the simulation
region. Initial conditions must also
be specified for the surface and soil
layers. WEPS can output soil
fe'gl}glodible loss/deposition over user-selected
timeinterval sfrom auser-specified
simulation region. WEPS also
provides users with individud soil
loss componentsof creep-saltation,
suspension, and PM-10 size
0,9 »X | fractions. The soil loss
X DISTANCE components are particularly useful
Figure 2.2. WEPS simulation geometries. as an aid in estimating off-site
impacts of wind erosion.

Wind
barrier

HOZEpHBAD -

Discrete Time and Space

Thetime step is controlled by the main program. To reduce computationtime, adaily time
stepisused in WEPS, except for selected subroutinesinthe HY DROLOGY and EROSION
submodels, which use hourly or subhourly time steps. Submodels are cal led by the MAIN

program (Tatarko, 1995) inthe order shown inFig. 1. Eachindvidual submodel controls
the sequence of calculationswithinitself. However,in MANAGEMENT, field operations
are simulated sequentially according to the order in which they appear in the management
plan. Management plans usually cover at least asinge year and may cover multiple yeas.
The management plan can beinitiated on any given day of theyear, typically when thereis
no growing crop. WEPS simulates conditions and soil loss on homogeneous smulation
regions. "Homogeneous' means that the soil type, biomass, and management are similar
over a subregion.

Weather Simulated from Climate Databases

WEPS requires wind speed and direction to simulate the process of soil erosion by wind.
These and other weather variables are needed to drive temporal changes in hydrology, oil
erodibility, crop growth, and residue decomposition in WEPS. The weather generator
consists of the programs WINDGEN and CLIGEN (Tatarko et a., 1995).
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WEPS BEGINNERS GUIDE: OVERVIEW OF WEPS 2.3

WINDGEN simulates wind speed and direction for WEPS (Skidmore and Tatarko, 1990;
Wagner et al., 1992). It was deve oped specificaly for use with WEPS and stochastically
simulates wind direction and subdaily wind speeds when needed. A compact database
(Skidmore and Tatarko, 1990, 1991) developed for WINDGEN and was derived from
historical monthly summaries of wind speed and wind direction contained in the Wind
Energy Resource Information System (WERIS) database at the National Climatic Daa
Center in Asheville, North Carolina.

CLIGEN is the weather generator developed for the Water Erosion Prediction Project
(WEPP) erosion model (Nidks et al., 1987). It is used with WEPS to generate an average
annual air temperature aswell asdaily precipitation, maximum and minimum temperatures,
solar radiation, and dew point temperature. Average dailyair temperature and elevation for
the site are used to calculate average daily air density within WEPS. CLIGEN and its
database are described fully in the WEPP documentation (Nicks and Lane, 1989).

Field Conditions Simulated

The HYDROLOGY submodel (Durar and Skidmore, 1995) estimates soil surface wetness,
accountsfor changesin soil temperature; and maintains asoil-water balance based on daily
amounts of snow melt, runoff, infiltration, deep percolation, soil evaporation, and plant
transpiration. Snow melt depends on maximum daily air temperature and initial snow water
content. Runoff iscalculated fromrainfall rate greater than infiltration, adjusted for ponding
and surface flow velocity. Water is infiltrated and distributed according to Dacy’s Law.
Potential evapotranspirationiscal culatedusing arevisedcombination methodof Van Bavel.
Total daily potential evapotranspirationthen is partitioned, based on arop leaf aea index,
into potential soil evaporation and plant transpiration. Hourly potential soil evaporation
rates are etimated from the dai ly value based on soil water availability.

A soil's aggregation and surface state can dramatically affect susceptibility to wind erosion.
Thus, changesinsoil and surfacetemporal propertiesaresmulated daily by the WEPS SOIL
submodel (Hagen et al., 1995b) inresponseto variousweather processeslikewetting/drying,
freeze/drying, freeze/thawing, precipitation amount and intensity, and time. Soil layer
properties such as bulk density, aggregate size distribution, and dry aggregate density are
maintained on adaily basis. Surface properties, such asrandom and oriented roughness,
crust generation, coverage fraction, density, stability, and thickness, and locose erodible
material on crusted surfaces a0 are accounted for in the SOIL submodel.

The presence of livebiomass on the soil surface influences the quantity of soil that can be
removed by wind erosion. Therefore, the CROP submodel (Retta and Armbrust, 1995)
simulates the growth of crop plants. The crop growth model was adapted from the Erosion
Productivity Calculator (EPIC) crop growth model (Williamset al., 1990), which simulates
a variety of crops and plant communities while accounting for nutrient (not available in
WEPS 1.0) and water stresses. It calculaes daily production of masses of roots, |eaves,
stems, and reproductive organs and also leaf and stem areas. Additional capabilities and
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2.4 BEGINNERS GUIDE: OVERVIEW OF WEPS WEPS

modifications have been incorporated into the CROP submodel to meet the need for
predicting effects of agrowing crop on wind erosion. Some of the factors that affect wind
erosion are the flexibility and arrangement of individual plant parts, distribution of plant
parts by height, and number of plants per unit area (Shaw and Periera, 1982). Thus, leaves
and stems are accounted for separately because: 1) stemsof young seedlings areroughly 10
times more effective than leaves, on a per-unit-area basis, in depleting wind energy; 2)
leaves are more sensitive to sandblast damage than are stems; and 3) decomposition rates
of stems and leaves are differert.

The DECOMPOSITION submodel (Steiner et a., 1995) for WEPS simulatesthe decrease
in crop residue biomassfrom microbia activity. The decomposition processis modeled as
afirst order reaction, with temperature and moisture asdriving variables. Standing residue
is significantly more effective than flat residue at reducing wind energy at the soil surface
Hence, it ismaintained separately from flat residue, and the conversion from standing to flat
issimulated. Thequantitiesof biomassremaining after harvest are partitionedinto standing,
surface, buried, and root pool swith bel owground biomass decomposition cal cul ated for each
soil layer. Because crop residue decomposition varies by type and changeswith residue age,
each pool is subdivided further into 1) the most recently harvested crop pool, 2) the
penultimate crop pool, and 3) a"generic" crop pool that contains dl older residue mass.

WEPS isexpected to reflect the effects of various management practices upon winderosion,
and that is done by the MANAGEMENT submodel (Wagner and Ding, 1995). All major
management operation classes are represented, such as primary and secondary tillage,
cultivation, planting/seeding, harvesting, irrigation, fertilization, burning,and grazing. Each
individual operation is simulated within the MANAGEMENT submodel as a series of
physical processes. Those processes include 1) soil mass manipuation (changes in
aggregate size distribution, soil porosity, mixing soil and residue by depth, and soil layer
inversion); 2) surface modification (creation or destruction of ridges and/or dikesthat form
oriented surface roughness, changesin surfacerandom roughness, and destruction of surface
crusts); 3) biomass manipulation (burying and resurfacing residue cutting standing residue,
flattening standing residue killing live crop biomass, and biomass removal); and 4) soil
amendments (fertilization (not available in WEPS 1.0), planting, and irrigation).

Erosion Processes Simulated

The EROSION submodel (Hagen, 1995) decidesif erosion can occur based on the current
soil surface roughness (oriented and random), flat and standing biomass, aggregate size
distribution, crust and rock cover, loose erodible materia on a crust, and soil surface
wetness. If themaximum daily wind speed reaches 8 m/sat 10m and snow depthislessthan
20mm, the surface condition is evaluated on a subhourly basis to determine if erosion can
occur. The EROSION submodel simulation performsthe following functions: 1) calculates
friction velocities based on the agrodynamic roughness of the surface, 2) cdculates static
threshold friction velocities, 3) computes soil loss/deposition within each grid cell, and 4)
updates soil surface variables to reflect changes in soil surface "state" caused by erosion.
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Summary Comparison of WEPS and WEQ

Users of wind erosion prediction technology encounter a wide range of challenging
environmental problems that require solutions. WEQ was unable to meet some of these
needs. After extensive consultations with users, the WEPS structure was designed with the
capabilities to meet the needs identified. Assudh, WEPS represents new technology and is
not merely animprovement and recoding of WEQ technology. Also, WEPS contains many
simplifications to maintain reasonable computation times. Because many usersarefamiliar
with WEQ, a brief comparison of WEPS and WEQ follows to facilitate understanding of
WEPS modeling techniques.

WEQ predicts average erosion along line-transects across the fidd, whereas WEPS treats
thefield astwo-dimensional. The WEPS EROSION submodel simulatessoil loss/deposition
for grid areas over the entire ssimulation region. This feature allows usersto "look inside"
by specifying arbitrary accounting regions within the simulaion region and, thus, obtain
results averaged over selected grid areas within the accounting region (not availeble in
WEPS 1.0).

WEQ predicts only long-term, average, soil loss. WEPS calculates on a daily basis and
allows users to specify the output intervals. Thus, users can obtain outputs ranging from
singlestormsto multiple years. By simulating for multiple years, the probability of various
levels of erosion during any period of the year also can be determined.

The largest contrast between the two technologiesis that WEPS simul ates a wide range of

processes to describe field surface conditions and wind erosion, whereas WEQ depends on
usersto input correct estimates of the field surface conditions. Unfortunately, erosion does
not vary linearly with residue cover and other temporal field conditions. Therefare, simply
specifying average fidd conditions asinputs likely will not yield the best estimates of long-

term average erosion.

The WEQ contains no feedback loop that modifies the field in response to weather or
erosion. In WEPS, the driving forces of weather cause surface temporal properties of the
field to change. Thus in ayear with high rainfall, the field soil roughness may be reduced
below average, while above average biomass production prevents erosion. However, in a
drought year, biomass and aggregate size may both be below average, but tillage ridges may
then be the primary control against soil erosion.

The modeling techniques used to simulate processes in WEPS vary. The WEATHER
submodel generates stochastic simulated weather variables. Mechanistic and statistical
generally relations are used to represent processes in the other submodels. However, a
structured design methodology was used. First, the major wind erosion processes, such as
emission, abrasion, and trapping were identified. Next, the individual temporal soil and
biomass properties that afect the wind erosion processes were selected. Then, WEPS
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submodels were designed to simulate the general processes that control both the surface
temporal properties and the erosion processes. Finally, parametersfromthe databases were
used to make the simulation of various processes unique for specific soil, crop, and
management actions.

Implementation

The current WEPS model is coded in FORTRAN conforming to the ANSI FORTRAN 77
and Fortran 95 standard. The coding guidelines used, with some minor modifications for
WEPS, are outlined in the "Water Erosion Prediction Project (WEPP) Fortran-77 Coding
Convention" (Carey et a., 1989). The model can be run in both a DOS and Unix
environment. WEPS science code and implementation is documented fully in the WEPS
Technical Description (Hagen et al., 1995a).

WEPS Updates

The WEPS model is continually being improved with periodc updates. The USDA-ARS
Wind Erosion Research Unit (WERU) hasestablished several meansfor obtaining thelatest
release of the WEPS model, databases, documents, and other related information as they
become available.

For users with Internet access, WERU has established a World Wide Web site. The URL
for WEPS downloadsis: http://weru.ksu.edu/weps. This site containsall the information
WEPS.  Specific WEPS information also can be obtained through E-Mail at:
weps@weru.ksu.edu .

Users without Internet access can obtain WEPS update information by contacting:

USDA-ARS, NPA

Wind Erosion Research Unit
Throckmorton Hall

Kansas State Univesity
Manhattan, KS 66506

Phone: 785-532-6495
FAX: 785-532-6528
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Quick Start for WEPS 1.0

WEPS is a complicated model with a potential for numerous inputs. However, for simple
simulations, WEPS can be quite easy to operate. The following quick start guide will
describe how to make a simple simulation run.

Double left click on the Weps1.0 icon on the compute screen ‘ desktop’. Note: the NRCS
standard is to start WEPS from the ‘Start Menu’ (e.g., “Start > Programs > USDA
Applications > WEPS > WEPS1.0”). You will briefly see the Weps1.0 ‘ Splash’” window,
then the WEPS1.0 main screen will appear.

A Simple Simulation
For a simple simulation, WEPSL1.0 needs only four types of information.

1 Describe the simulation field geometry.
a Select the field dmensions.
i. Typeinthe specific X-Length and Y -Lengthfield dimensions on the
left panel of the WEPS main interface screen.

b. Select field orientation.
i. Enter the specificfield orientationinthe* Orient.” box within theleft
panel.

C. Select any barriersif present.

i. Click onthe add barrier button in the left pan el. Then usethe mouse
to locatethe barrier onthefield border. dickingthe mousewill ‘fix’
the barrier to the desired border. The user may then select thebarrier
properties and type in the left pand.

2. Select afield location (for weather files).
a In the right panel of the window which is labeled ‘' Location Info’, use the
mouse to select a State and County from the drop down menus |Z| . The
closest weather stations to the center of the selected county will be loaded.

3. Select asoil.
a In the bottom panel of the window whichislabeled ‘ Soil:’, use the mouse to
select a soil from the drop down menu[=] .

4, Select a management scenario.

a In the bottom panel of the window whichislabeled ‘Management:’, use the
mouse to select a crop rotation from the drop down menu[+] .
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Once these four items are complete, click the ‘Run’ button |:| on the tool bar at the top of
the screen. Youwill then seeindicatorsthat WEPS1.0 isrunning. When the simulation run
isfinished, the output screen will appear. 1f WEPS encounters an error during asimulation
run, a screen appears (‘' Report aBug') which allows you to report the error to WERU. The
user will be prompted to enter an e-mail address and a short message. |If you are connected
to the Internet at the time of the error, clicking *OK’ will e-mail the report to WERU aong
with a files necessary to duplicate the error so that it can be addressed.

Output Summary
The Output Summary for asimulation run will automatically display at the conclusion of a
simulation run.

WEPS Output Tabs

Output screensfor WEPS1.0 are arranged in a spreadsheet fashion. Several types of output
are available and can be viewed by clicking on the appropriate tab at thetop of the ‘ Output
Summary’ window. The various tabs are described below. Each tab screen can be printed
by clicking the ‘Print this Report’ button _Fffitthis Fepart] ot the hottom of each screen. A
description of what information is contained in each column and row is obtained by clicking
the ‘“Help on row/col’ button at the bottom of each tab screen.

‘Wind Erosion Summary’ Tab
The Wind Erosion Summary screen displays a simple summary of wind erosion soil lossin
terms of average annual losses for each rotation year and for the entire simulation run.

‘Output Details' Tab

The Output Details screen displays a detailed output report with all of the major reporting
information available with the current version of WEPS. A description of the information
contained in each column and row is given below.

The columns of the Output Details Tab have the following information.
Date - Thiscolumn containsthe date of the last day for which the row information

isreported. Itemsin each row represent values from theend of the previous
period to the current date (day/month/rotation year).

Operation - This column contains the management operation which occurred on the
specified date.

Field Loss

Average Total - This column contains the total soil loss for the period (see‘Date’
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column description above), averaged across the field as well as
averaged over the number of simulation years in each rotation year
(kg/n? or tons/acre).

- This column contains the standard deviation of the values inthe
average totd column (kg/n? or tons/acre). { remove in the future}

- This column contains the total creep plus saltation loss for the
period, averaged acrossthe field grid areas, as well asaveraged over
the number of simulation years in each year of the crop rotation
(kg/m? or tons/acre).

- This column contains the total suspension loss for the period,
averaged across the field grid areas as well as averaged over the
number of simulation yearsin each rotation year (kg/n or tons/acre).

- This column contains the PM 10 soil loss for the period, averaged
across the field grid areas as well as averaged over the number of
simulation years in each rotaion year (kg/m? or tons/acre).

Mass passing Field Boundary

Creep+Saltation

Suspension

PM10

Weather
Average Total Precip.

- These columns |:| contain the mass per unit boundary length of
creep plus saltation size material which passed thefield boundary for
each direction (kg/m or tons/1000 ft).

- These columns|:| contain the mass per unit boundary length of
suspension size material which passed the field boundary for each
direction (kg/m or tons/1000 ft).

- These columns |:| contain the mass per unit boundary length of
PM10 size material which passed the field boundary for each
direction (kg/m or tons/1000 ft).

- Thiscolumn containsthe total precipitation for the period averaged
over the smulation years in each year of the crop rotation (mm or
inches).

Average Wind Energy >8 m/s - This column contains the average daily wind energy

User Manual

for the period for winds greater than 8 m/s, averaged
over the amulation years in each year of the crop
rotation (KJday).
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Average Surface Conditions on Date

Crop Vegetation (Live)

Canopy Cover - This column contains the fraction of live aop biomasscover
(vertical view) at the period end, averaged over the simulation years
for the period listed (fraction).

Standing Silhouette - This column contains the standing silhouette area index of live
plants expressed on a fraction basis. These values are the standing
silhouettearea per areaof soil surface. Thesearevaluesat the period
end averaged over the smulation years in each rotation year
(fraction).

Above Ground Mass - Thiscolumn containsthetotal live crop biomass (dry weight basis),
above ground, at the period end, averaged over the smulation years
for the period listed (kg/n? or Ibs/acre).

Crop Residue (Dead)

Flat Cover - This column contains the amount of flat dead cover on the soil
surface, expressed as a fraction. These are values at the period end
averaged over the simulation years in each rotation year (fraction).

Standing Silhouette - This column contains the standing silhouette area index of dead
plants expressed on a fraction basis. These values are the standing
silhouettearea per areaof soil surface. These arevaluesat the period
end averaged over the simulation years in each rotation yea
(fraction).

Flat Mass - This column contains the amount of flat dead biomass (dry weight
basis) on the soil surface. These are values at the period end
averaged over the simulation years in each rotation year (kg/n? or
Ibs/acre).

Standing Mass - This column contains the amount of standing dead biomass (dry
weight basis) on the soil surface. These are values at the period end
averaged over the simulation years in each rotation year (kg/m? or
Ibs/acre).

Live and Dead Biomass

Flat Cover - This column contains the amount of flat cover from live (canopy
cover) and dead (flat cover) biomasson the soil surfaceexpressed on
afraction basis. Thesearevaluesat the period end averaged overthe
simulation years in each rotation year (fraction).
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Standing Silhouette - This column contains the standing silhouette areaindex of live and
dead plants expressed on a fraction basis. These values are the
standing silhouette area per area of soil surface. These are values at
the period end averaged over the simulation years in each rotation
year (fraction).

Flat Mass - This column contains the amount of flat live (dry weight basis) and
dead biomass on the soil surface. These are values at the period end
averaged over the simulation years in each rotation year (kg/n? or
Ibs/acre).

Standing Mass - Thiscolumn containsthe amount of standing live and dead biomass
(dry weight basis). These are valuesat the period end averaged over
the simulation years in each rotation year (kg/nv or |bs/acre).

Roughness

Oriented

Ridge Orientation - This column contains orientation of the ridges with zero degrees
(0°) representing north/south ridges.

Ridge Height - This column contains the height of ridges. Thisisthe value at the
period end averaged over the simulation years in each rotation year
(mm or inches).

Ridge Spacing - This column contains the spacing between ridges. Thisisthe value
at the period end averaged over thesimulation yearsin each rotation
year (mm or inches).

Random

Roughness - This column contains the standard deviation of the soil surface

random roughness. Thisisthevalue at the period end averaged over
the simulation years in each rotation year (mm or inches).

Therows in the Output Details Tab vary depending on the number of cropping yearsin the
rotation and the number of management operations in each year of the rotation.

Each year of the rotation has output displayed for the fifteenth and the last day of each
month aswell as for each management operation date. This output dlows the user toview
the erosion and other output for each year of the rotation. At the end of each year in the
rotation is arow which contains the average annual value for that rotation year.

The last row in the output form contains the average annual values for the complete crop
rotation.
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Exiting WEPS 1.0

To exit WEPS 1.0, click “Project” on the menu bar at the top of the main screen, then click
“Exit”. Youwill be asked if you want to save your project. Clicking ‘Yes will bringup a
file save box. You will also be asked to confirm if you really want to exit WEPS 1.0.
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Interface

This section describes the WEPS 1.0 User Interface program implementation and how it
interactswith the WEPS science model. The WEPS * science’ model refersto the computer
code and executable program that performs the actual calculations of field conditions and
erosion processesfor asimulation run. A simpleflow diagram of the WEPS science model
and User Interface is shown in Figure 3.1. A detailed description of how to operate the
WEPS 1.0 User Interface is described later in this document (Chapter 4, ‘How to Operate
WEPS).

A smplified description of the

Wind Erosion Prediction System science model is provided laer in

St thischapter. The*WEPSTechnical

Output Description” provides a more

LU [ Ho & detailed description of the science

g ket [Chg behind WEPS and isavailablefrom

v Ees rF=-——<---| WERU. The current WEPS

pw o] Hyaraoy |}| SCience model is. coded in
Files i : ¥ ! FORTRAN conforming to the
e k| Maagemem |1| ANSI FORTRAN 77 and Fortran

A 1 @rojects| | v ' 95 standard. The inputs to the
[ ctimae  [Uy Hel  sa ||| science model reside in a series of
! E ! T || ASCII input files. Theseinput files
I Solls ' 1| are: a Windgen file (*.win), a
I T Nt C:" 'l Cligen file (*.cli), an initia field
| i N e —— 1| conditions file (*.ifc), a
! j ! B ‘: | managementfile (*.man), andarun
: : I : 1| file(weps.run). The science model
I| Decomporion [ 1"t 1| canbeexecuted from the command
: ! : Il line. When WEPS is executed, the
RS — : Heathe | science model reads the input files
| ol daly and patorme

Figure 3.1. A flow diagram of the WEPS science the simulation, and writes output
model and User Interface. files. The output is written to one

or more ASCII files. Although
building theinput files by hand, executing the model on the command line, and interpreting
the output files can be time consuming and confusing, the WEPS 1.0 User Interface
simplifies this process.

TheWEPS 1.0 User Intafaceiswrittenin Java. Theinterface can be thought of asa‘shell’

of ‘wrapper’ around the science model which does not affect the execution of the science
model. Through the interface program, the user can easily enter the information necessary
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to createand edit theinput files A description of how to enter thisinformationisgiven later
in this document (Chapter 4, ‘ How to Operate WEPS'). Once the field, location, soil, and
management are described, pressing the ‘Run’ button performs a series of commands to
execute the science model. The interface first calls the Cligen and Windgen weather
generators which create the Windgen and Cligen files for the simulation. Then the WEPS
science model is called and executed as described above. When the sdence model is
finished, the interface reads and displays the output file.
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Main Program

The MAIN program is that portion of the sciencemodel that controls the initialization and
execution of aWEPS simulation run. It calls subroutinesthat read input data and outputs
the general repart. In addition, MAIN calls submodels on a daily basis, which update the
field conditions. If the maximum wind speed for the day exceeds aset vel ocity great enough
to cause soil movement (i.e., 8 m/s), MAIN then cdls the EROSION submodel to simulate
erosion processes. The current version of WEPS reads in the climate data produced by the
WEATHER submodel; performsdaily simulation of the hydrologic and soil conditions, crop
growth, and residue decomposition; and accounts for management effects. Finally, the
model determines soil erosion by wind for the desired simulation period.

Program Description

The current version of MAIN requiresthe following files for a WEPS ssimulation run: a) a
simulation run file which describes the field shape and barriers, simulation period, location
of other input files, and types of output ; b) aninitial field conditionsfile which describes
soil conditions at the start of asimulation; d) atillage/management file which describesthe
management system; and €) two climate files, one each in the CLIGEN and WINDGEN
formats, that provide climate data on adaily basis.

The MAIN program begins by initializing local variables and then calls the subroutine
INPUT which reads the simulation run file and the initial field conditions file. The
simulation then isexecuted asadaily loop that controls the counters for the current day and
an embedded subregon loop. The model can perform any length of simulation on a daily
timestep. However, WEPS performsasimulation for onerotation cycletoinitialize surface
conditions before simulations of wind erosion are performed. For each simulation day, the
daily weather is read from the CLIGEN and WINDGEN data files. As some of the
submodelsare executed, summary information may be compiled for output. All submodels
except EROSION are called within the subregionloop. Once field conditions are updated,
If maximum wind speed for the day exceeds a set minimum (i.e., 8 m/s), the EROSION
submodel theniscalled to determinethreshold conditionsand computesoil erosion. Findly,
the MAIN program calls subroutine BOOK EEPING to account for field conditions and soil
lossfor periods throughout the rotation. CALTOT isthen called, which outputs aseries of
user-selected output forms with general information about the simulation run.
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Weather Submodel

Introduction

The Wind Erosion Prediction System (WEPS) requireswind speed and diredion in order to
simulate the process of soil erosion by wind. These and othe weather variebles are also
needed to drive temporal changes in hydrology, soil erodibility, crop growth, and residue
decompositionin WEPS. Theweather generator of WEPS consists of the separate programs
WINDGEN and CLIGEN and simulates the needed weather variables on adaly basisand
wind speed on an hourly basis.

WINDGEN istheprogram that simulateswind speed and direction for WEPS (Skidmoreand
Tatarko, 1990; Wagner et ., 1992). It was developed specifically for usewith WEPS and
stochastically simulates wind direction and subdaily (eg., hourly) wind speed on a daily
basis.

CLIGEN is the weather generator developed for the Water Erosion Prediction Project
(WEPP) family of erosion models (Nicks et al., 1987). It isused by WEPS to generate an
average annual air temperature as well as daily precipitation, maximum and minimum
temperature, solar radiation, and dew point temperature. Average daily air temperature and
elevation for the gte are used to cd cul ate average daily air dendty within WEPS. Those
interested in CLIGEN and how it simulates these variables should consult the WEPP
documentation (Nicks and Lane, 1989). Both CLIGEN and WINDGEN are executed
together under the WEPS 1.0 user interface.

Wind Simulation

Prediction of wind speed and direction, like mog meteorologicd variables, is extremely
difficult. Evenwith advanced technol ogy, such as sophisticated numerical model sand super
computers, using climatologcal means is only as accurate as predicting meteorol ogical
variables a few days in advance (Tribbia and Anthes, 1987). Therefore, we resort to
historical statistical information about most meeorological vaiables and use stochastic
techniques to determine likelihood of various levels of those variables. We developed a
stochastic wind simulator to furnish wind direction and wind speed as needed by the Wind
Erosion Prediction System described by Hagen (1991).

Although the development of the WINDGEN database and wind generator is described by
Skidmore and Tatarko (1990, 1991), we give here some of the details. Our database was
created from historical monthly summaries of wind speed and wind direction. Two-
parameter Weibull (Takle and Brown, 1978; Cordtis et al., 1978) curves were fit to the
monthly summary direction and speed distribution data. Historical wind data requires a
detailed station history and a sufficient period of record (5 years minimum) to be suitable
for wind simulation in WEPS. Therefore the coverageof historical wind stationsis sparse
in some areas of the United States.
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WINDGEN first determines the
NNW N NNE. wind direction for the day based
upon a random number selected
between 0 and 1. Since the wind
direction distribution in the
ENE WINDGEN database specifies the
fraction of thetimethe wind comes
from each of the 16 cardinad
E directions (Fig. 3.2) for each
month, a cumulative frequency
distribution curve is created and
scaled to range from 0to 1. Thus,
the random number selected
determines the wind direction for
that day.

WEW ESE

SH5W SS5E

S

: - —— WINDGEN then determinesthe 24
Figure_3.2._ The sixteen cardinal directions used for hourly wind speeds for the day.
wind direction in WEPS. That is done by sdecting 24

random numbers between 0 and 1.
These random numbers are then compared to the scaled monthly cumulative wind speed
distribution for this day’s direction to obtain the 24 hourly wind speeds for that day. The
generator performsafew additional stepsto ensurethat it doesn’t over or under estimate the
long-term average wind speed (energy) that the summarized historical wind datareflectsand
to group higher hourly wind speeds together in the same day rather than just randomly
distributing them across several days. It also ensuresthat “calm” hours (hourly wind speeds
less than 1 m/s) areaccurately reflected in thegenerated wind data series.

After the 24 hourly wind speeds have been selected, WINDGEN then determines the
maximum hourly wind speed for theday and setsit to the “hour of maximum wind speed”
availablein the database for the current month. 1t then distributes the 24 hourly wind speeds
such that the next two highest hourly wind speeds are adjacent to the highest hourly wind
speed, the next two highest are then set adjacent to the previoustwo, etc. Thus, WINDGEN
attemptsto “ build” adaily wind speed distribution which mimicsthe daily cycle of thewind
speed increasing during the day until the “hour of maximum wind speed’, and then
decreasing after that hour again.

Literature Cited
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Hydrology Submodel

The HYDROLOGY submodel of the Wind Erosion Pred ction System (WEPS) usesinputs
generated by other WEPS submodelssuchasWEATHER, CROP, SOIL, MANAGEMENT,
and DECOMPOSITION to predict the water content in the various laye's of the soil profile
and at the soil-atmosphere interface throughout the simulation period. Accurate simulation
by the other WEPS submodel s requires prediction of the daily changesin soil water profiles.
However, estimating soil wetness at the soil-atmosphere interface is emphasized, because
it significantly influences the susceptibility of the soil to wind erosion.

The HYDROLOGY submodel of WEPS maintains a continuous, daily, soil water balance
using the equation:

SWC = SWCI + (PRCP + DIRG) + SNOW - RUNOFF - ETA - DPRC a3.1)

where SWC is the amount of water on the soil profile in any given day (mm), SWCl isthe
initial amount of water in the soil profile (mm), PRCP is the amount of daily precipitation
(mm), DIRG is the amount of daily irrigation (mm), SNOW is the daily snow melt minus
daily snow accumulation (mm), RUNOFF isthe amount of daily surface runoff (mm), ETA
is the amount of daily actual evapotranspiration (mm), and DPRC is the amount of daily
deep percolation (mm).

Theamount of daily precipitation (PRCP) is partitioned beween rainfall and snowfall onthe
basis of the average daily air temperature. If the average daily temperatureis0°C or below,
the precipitation takes the form of snowfall; otherwise, it takes the form of rainfall.

The snow term (SNOW) can be either positive, equaling the daily snow melt, or negative,
equaling the daily snow accumulation. The melted snow istreated asrainfall and added to
the precipitation term in Equation 3.1 when accounting for daily runoff and infiltration. On
the other hand, the accumulated snow is subtracted from the daily precipitation during the
estimation of the daily soil water balance with Equation 3.1.

Simulation of soil-water dynamicsonadaily basisbytheHY DROLOGY submodel involves
three major sequences. First, the submodd partitions the totd amount of water available
from precipitation, irrigation, and/or snow melt into surface runoff and infiltration. The
submodel stores the daily amount of water available for infiltration into the soil profile.
Second, the submodel determi nestheinfluence of ambient climatic conditionsby cal culating
the potential evapotranspiration. Third, the submodel redistributes soil water in the soil
profile on an hourly basis, which provides hourly estimations of water content in the soil
profile. The submodel estimaes the actual rate of evapotranspiration by adjusting the
potential rate on the basis of soil water availability. Deep percolation from thesoil profile
is estimated to be egual to the conductivity of the lowermost simulati on layer, assuming a
unit hydraulic gradient.

User Manual Printed 6 November 2001



3.10 SCIENCE: HYDROLOGY WEPS

TheHYDROLOGY submodel estimates surface runoff and infiltration for each simulation
day that has precipitation and/or irrigation. The submodel estimates the daily amount of
water availablefor infiltration into the soil by subtracting the amount of daily surface runoff
from the amount of daily precipitation, snow melt, and/or irrigation. The infiltration water
is stored in the uppermost simulation layer, until its water content reaches field capacity.
Any excess water thenis added to the succeeding lower layer, where it is stored with the
same maximum storage restriction. This is repeated until complete water storage is
obtained. Any excesswater that flows out from the lowermost simulation layer becomes a
part of a deep percolation.

Potential evapotranspiration is calculated using arevised version of Penman's combination
method (Van Bavel, 1966). The total daily rate of potential evapotranspiraion then is
partitioned on the basis of the plant leaf area index into potential soil evaporation and
potential plant transpiration. The potential rate of soil evaporation is adjusted to account for
the effect of plant residues in the simulation region. Furthermore, the daily potential rates
of soil evaporation and plant transpiration are adjusted to actua rates on the basis of water
availability in the soil profile.

The HYDROLOGY submodel uses a simplified forward finite-difference technique to
redistribute soil water with the one-dimensional Darcy equétion for water flow. Thetime
step of the soil water redistribution is 1 hour, which allows for an hourly estimation of soil
wetnessas needed for WEPS. Knowledge of therelationship between unsaturated hydraulic
conductivity and soil water content is required for solving the governing transport equations
of water movement through the soil. The submodel uses Campbell's (1974) method to
calculate the unsaturated hydraulic conductivity of the soil from the more readily available
soil water characteristic curve and saturated hydraulic conductivity data. Because water
release curve data of the soil are not always available, the submodel provides altemative
options to estimate the hydraulic parameters of the water release curve that are needed as
inputs to run the soil water redistribution segment of the submodel.

The HYDROLOGY submodel predicts on an hourly basis soil wetness at the soil-
atmosphereinterface by using acombination of two techniques. The submodel extrapolates
water content to the soil surface from the three uppermost simulation layers. A numerical
solution known as Cramer's rule (Miller, 1982) is used to obtain an estimate of the
extrapolated water content at the soil surface by solving the three simultaneous equations
that describe the rdationship between water content and soil depth for the three uppermost
simulation layers. The submodel also interpolates the functional relationship between
surface-soil wetness and the hourly evaporation ratio.
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Management Submodel

Introduction

WEPS is expected to reflect effects of various management practices upon wind erosion.
The diversity of aurrent practices applied to cropland by land managers makes this a
daunting task. However, WEPS must adequately simulate typical cultural practices to
accurately assesstheir affects upon wind erosion control. The MANAGEMENT submodel
isassigned the task of handling the cultural practices applied by land managerswhich affect
the soil/surface"state" within WEPS.

Purpose

All cultural practices applied by land managers are by definition "human initiated". These
human-controlled processes affecting the soil and field surface " state” areinitiated by typical
management practices such as tillage operations, planting, harvesting, irrigation, €c.
Therefore, the purpose of the MANAGEMENT submodel! isto model what are considered
the major human-controlleble actions that can affect the "system state” within WEPS, in
particular the system state varial es defining thetemporal soil and surface conditiors.

Objectives

The MANAGEMENT submodel objectives are:

1. To model the primary human-initiated processesthat can affect asite's susceptihility
towind erosion.

2. To provide the framework necessary to process a list of spedfied human-initiated
actions, i.e., the cultural practices applied to a field such as a tillage/crop rotation
sequence.

K eeping with the WEPS philosophy, The MANAGEMENT submodel simulates processes
viaaphysical basisif possible, incorporates the conservation of mass and energy concepts,
and uses a minimum number of parameters with readily available and/or atainable values

Assumptions and Limitations

Several assumptionsand limitationshave beenimposed onthe MANAGEMENT submodel.
Thereasons vary from simply limiting the scope of the submodel, to inadequate knowledge
of specific processes that may have asignificant impact on the soil and/or surface. Hereis
the list of current assumptions and limitations, provided in no particular order, that impact
the MANAGEMENT submodel.

1 Total soil water content within the current tillage zone is assumed to be unaffected
by atillage operation. TheHY DROLOGY submodel isexpected to handle changes
in surface water content and therefore appropriately represent the usual rapid drying
of the surface layer following tillage.
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Tillage speed is not included as an independent variable affecting how a tillage
operation modifiesthe soil and surface. A "typical” tillage speed isassumed for each
tillage operation upon which the affects upon thesoil and surface are based. Future
versions of the MANAGEMENT submodel may incorporate tillage speed if
sufficient data becomes available to model its effects upon the soil and surface.

Tillage depth isassumed to not influence how atillage operation affects the soil and
surface except for determining which soil layers are directly affected by a tillage
operation. Again, the MANAGEMENT submodel may be extended to incorporate
tillage depth effects if sufficient data becomes available in the future.

Effectsof tillage operations on soil layersbelow thetillage depth are not considered,
i.e., subsoil compactionbelow thetillagezone duetotillage. Thiswill be addressed
in afuture release of the MANAGEMENT submodel.

Effects of a management operation are assumed homogeneous within a subregion.
Effects due to tractor tires will not be considered. Certain zone-related tillage
operations, such as row cultivator, will be treated in a manner such that the result
will be"averaged" or "equivalent” values which represent the homogeneous region.

Emergency tillage, for wind erosion prevention or control, and strip cropping
practices is considered in WEPS by speci fying multiple separate, non-contiguous
homogeneous subregions.

Ridge and dike geometric specifications (oriented roughness) will be providedby the
user. If the tillage depth specified is not sufficient to create or destroy them (for a
particul ar tillage operation that does so), the MANAGEMENT submodel will modify
the tillage depth accordingly to obtain the desired ridge and/or dike specifications.
Tillage operationsthat do not modify thecurrent ridgeand/or dike spedficationswill
not do so (i.e., ridge tillage equipment).

Sail tillage depths will be adjusted to the nearest soil layer boundary. This will
ensure that the most recent tillage operation modifications on the soil "state" are
adequately represented. In the future, soil layer boundaries may be adjusted
appropriately to accommodate tillage depths tha would split asoil layer, i.e., anew
layer boundary would be created at the prescribed tillage depth.

Aggregate stability and aggregate density are assumed to be unaffected by tillage
operations. This decision is based on limited field data analysis. Future research
may provide statistically significant affects that could then be modeled. These
properties may still change among soil layers within the tillage zone due to
aggregate mixing among layers caused by tillage operations.
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Submodel Description
The approach taken within the MANAGEMENT submodel to deal with the variety of land
management actions was to:

1 |dentify the primary physical processes involved.
2. Represent individual management operationsasasequence of those primary physical
processes.

3. Develop a MANAGEMENT file format allowing the input of user-specified
sequencesof management operations, i.e., amanagement practices/crop rotationfile.

All operations modeled within the MANAGEMENT submodel fall within the following
defined management categories aslisted in Table 3.1.

Table 3.1. Management operation classes.

Operation Class Description

Primary tillage  Tillage performed to primarily reduce surface residue, increase short-
term infiltration rates, loosen subsoil hardpans, and control weed
growth. Usudly after-harved till age operationsfdl inthis category.

Secondary tillage Tillage typically performed in preparation for seeding or planting
operations. Usudly these opeations are intended to smooth the soil
surface, reduce the average aggregae size, and contrd weed growth if
present.

Cultivation Tillage specifically designed to eliminate weed growth after crop
germination.

Planting/Seeding Operations required to plant or seed acrop into afield.

Harvesting Operation to remove biomass from afield. Biomass removed may be
grain, root material, or the entire above ground biomass.

[rrigation The artificial gpplication or addition of water to thesoil.

Fertilization The application ar addition of spedfic nutrients to asoil.

Burning The removal of surface biomass with fire.

Grazing The removal of surface biomass via livestock.

When a management or tillage operation is performed, it is simulated through a group of
individual physical processes that represent the total effects of that operation. The basic
individual physical processes to be modeled within the MANAGEMENT submodel of
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WEPS have been grouped according to the target of their actions and outlined in Table 3.2.

Table 3.2. MANAGEMENT submodel processes.

Action Process  Description

Crush The application of forcesto the sail to modify thesoil
aggregate structure by breaking down il aggregates.

Loosen/  The process of decreasing soil bulk density and increasing
Compact  porosity (incorporation of air) or the inverse process of

SOU Mas§ increasing soil bulk density by removingair from the soil.
Manipulation - . . _
Mix The process of uniting or blending of soil laye properties,

including biomass

Invert The reversing of the vertical order of occurrence of soil
layers within the current specified tillage zone.

Ridge/Dike The process of creating or destroying ridges and/or dikes
(oriented surface roughness).

Surface o
Manipulation Roughen  The process of madifying therandom surfaceroughness.
Crust The process of madifying thesoil surface crust
characteristics.
Bury/Lift The process of moving above ground biomass into the soil or
the inverse process of bringing buried biomass to the surface.
Cut The process of cutting standing biomass to a prescribed
height.
Biomass , . . .
. . Drop The process of moving a portion of the standing biomass to
Manipulation the soil surface.
Kill The death of livebiomass.
Remove Theremova of biomass from the system (harvest, grazing,
and burning).
Fertilize  Addition of nutrientsto the soil.
SOl pant Addition of seeds/plants to the soil.
Amendments

Irrigate  Addition of water to the soil.

The underlying philosophy behind the MANAGEMENT submodel was to attempt to
develop physical law based representations, if possible, for each of the chosen physical
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processes. These processes are assumed to beindependent with respect to each other and
areto be simulated sequentially, eventhough many of them occur simutaneously in the real
world. Theorder they areinitiated inthe submodel isdependent upon the specific operation.

The list of management operations performed for a given management plan (crop rotation
or cyclical management practices) on a homogeneous region (subregion) is specified in a
MANAGEMENT input file. The MANAGEMENT submodel checks on adaily basis for
any operationsto be performed onthat day. If operationsare needed, the MANAGEMENT
submodel will execute the specified routines required to simulate the effects of those
operations as instructed in the MANAGEMENT input file. When the last operation is
performed for that particular crop rotation cycle, the same sequence will be repeatedfor the
next year(s) of simulation.

A singleMANAGEMENT input file may ind ude multiple management operation lists, one
for each subregion being simulated.
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Crop Submodel

Introduction

The primary purpose of the WEPS plant growth submodel (CROP) is to obtain realistic
estimates of plant growth so that the influence of vegetative cover on soil loss by wind
erosion can be properly evaluated. The CROP submodel (Retta and Armbrust, 1995), was
adapted from the Erosion Productivity Impact Calculator (EPIC) crop growth model
(Williams, et.al, 1990). Additional capabilitiesand modifications have been developed and
incorporated into the CROP submodel to meet the need for predicting effects of agrowing
crop on wind erosion. Young seedlings provide some protection from wind erosion.
However, not al plant parts are equally effective. Stems of young plants, on aper-unit area
basis, are roughly 10 times more effective than leaves in depleting wind energy. Other
differencesbetween leaves and stemsarethat, |leaves are more sensitive to sandblag damage
than are stems; and | eaf and stem residues decomposeat different rates. To properly account
for these differences the CROP submodel gives daily estimates of leaf and stem growth in
mass and area. At harvest, the ‘grain’ is removed and the ‘straw’ may consst of leaves,
stems, and ‘ chaff’. In most casetheleaf and’ chaff’ residueisshort-lived and only the stem
residuemay provide protection on alonger-termbasis. The CROP submodel givesestimates
of the amount of leaf, stem, ‘grain’, and ‘chaff’ mass produced on a daily basis. An
important consideration is the effect of plant density on the amount of cover provided by
growing seedlings during the early vegetative growth period. Many management practices
leave the soil vulnerable to the forces of wind erosion prior to seeding until the growing
plants develop sufficient cover. During the period from emergence to the development of
adequate cover, the amount of cover isdirectly proportional to the number of seedlings per
unit area. The higher the number of plants per unit areathe greater the cover provided by
the growing vegetation. To account for the differencesin cover dueto initial plant density,
the leaf and stem areaindexes at emergence (which are used by the EROSION submodel in
computations of soil loss) are calculated by multiplying the initial areas per plant by the
number of seedlings pea unit area. Thusthe greater the number of seedings per unit area
at emergence, the greater the protection provided by the young seedlings from wind erosion.
The CROP submodel uses data inputs of plant, weather, hydrology, and management to
estimate |eaf mass, stem mass, reproductive mass, yield mass, ‘ chaff’ mass and root mass
of ‘live’ plants (crops) onadaily basis. Other plant characteristics edimated daily are: root
mass by soil layer, rooting depth, plant height, and canopy cover.

Phenological development

Phenological devel opment of the cropisbased on growing-degree-day (GDD) accumulation.
The crop parameter filefor CROP contains, for each crop, the potential GDDsfrom planting
to physiological maturity and the relative GDDs from planting to emergence, to the start of
the reproductive phase, and to the start of |eaf senescence. CROP usesthe same procedures
as EPIC for simulaing annual or perennia plants, and winter or summer crops. Annual
plants 'grow' from planting to the date when the accumulated GDDs equal the potential
GDDsfor the crop. For annud winter crops, such as wheat, GDD accumulation (therefore
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growth) does not occur during the period of dormancy. Perennial crops maintain their root
systemsthroughout the year, athough the plant may become dormant after afrost. After the
end of dormancy, plants start growing when the average daily air temperature exceeds the
base temperature of the plant. For established alfalfa, avalue of the average GDD between
consecutive cuts is heeded.

Emergence

Emergence occurs when the GDD accumulation from date of planting equals 6% of the
seasonal GDD. CROP does not account for effeds of soil temperature, soil waer, soil
crusting, soil strength, seeding depth, soil removal or deposition caused by wind erosion,
which can influence germination, seedling emergence, survivd, and growth.

Biomass Production
Shortwave radiation at the top of the canopy is multiplied by the factor C to estimate the
amount of photosynthetically active radiation (PAR).

Growth Constraints

Potential growth and yield seldom are achieved, because of stress caused by suboptimal
conditions. The CROP submodel adjusts daily biomass and area growth for water,
temperature, and nutrient stresses. Water, temperature, and nutrient stressfactorsrangefrom
0, where no growth will occur, to 1 for no limitationin growth. For any smulation day, the
minimum value of the water, nutrient, or temperature stress factor adjusts daily produced
biomass.
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Residue Decomposition Submodel

Model Overview

LIVE i DEAD The DECOMPOSITION submodel
Standing | Tilage simulates the decreasein crop residue
Senesence | Residue biomass due to microbid activity.
ABOVE | Standing| Tilage - Decompodtion The decomposition process is
GROUND | GraFlat) o i ence ¥ Tiooe modeled as afirst order reactionwith
Tmége > Surface temperature and moisture as driving

' Residue ; it
: variables. The total quantities of
e BOCOIROAION. L1 DiOMESS remaining after harvest are
: v oo partitioned between standing, surface,
BELOW |Roof and | sepesence 1 buried, and root pools. Below ground
GROUND | 506 T“'?ge Residue [ biomass decomposition is calcul ated

for each soil layer. Figure 3.3 depicts

i - the distribution of biomass between
Figure 3.3. Biomass distribution and transfer residue pools.

between residue pools.

Since residue decomposition can require along period of time, crop residue biomass from
sequential harvests are accounted for in separae data pools using an indexing variadle
(IAGE). Standing, surface, buried, and root biomass from the most recently harvested crop
will be indexed IAGE = 1, biomass from the penultimate crop IAGE = 2, and for surface
biomass a third pool will be accounted for asIAGE = 3. On aday of harvest, any biomass
remaining from a previous crop is moved into the older age pools and residue from the
current crop areindexed IAGE = 1. Decomposition ratesfor biomass poolsone and two will
be appropriatefor the specific cropswhile biomass pool threewill have adecompositionrate
that reflects a slow rate of decomposition.

Decomposition
The general decomposition equation isasimple first order rate loss equation:

M, = M, x exp ¥CUMPD (3.2)

where M, isthe present quantity of bi omass(kg m™?) in the standing, surface, buried, or root
pools; M istheinitia blomass (kg m); k is a crop specific rate constant used to calculate
residue b| omass changes (day *); and CUMDD is awe ghted-timevariable cal culated from
functionsof temperature and moisture. Optimum moistureand temperature conditionsresult
in the accumulation of 1 decomposition day for each day of the ssimulation. When moisture
or temperature limitthe rate of decomposition, the minimum of the moisture or temperature
functionsis used to accumulate a fraction of a decomposition day.
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Residual moisturein the resduesis considered to decrease by 60 % each day following the
wetting event. Both precipitation and soil moisture influence the moisture of surface
residues.

Changes in Standing Residue Biomass and Population

Standing residue losses occur from both microbial and physical actions. Physical transfers
of crop residues from the standing biomass pool will reduce both the population size and
biomass. When the changes occur due to physical forces such as wind, snow, gravity, or
wheel traffic the transfer isto the surface pool. Tillage may result in redistribution to both
the surface and buried pools. A daily estimate of the standing population isrequired inorder
to evaluate stem areaindex (SAI) and itsinfluence on aerodynamic resistance (Steiner et al,
1994). The equation usedto predict residue cover from fla residueisfrom Gregory (1982).

Modifying Variables Due to Tillage Operations

Onaday of tillage, thedistribution of residueswill change between standing, flat and buried
components depending on the tillage implement being used. The MANAGEMENT
submodel will need to update the current biomass for each position (standing, surface,
buried, and root) in each of the three age pools (1, 2, 3). Soil surface cover isthen updated
from the amount of biomass remaining in the surface and standing pools.

Crop Residue Decomposition Submodel Summary

1 Initialize decomposition variables for standing, surface, buried, and root biomass.
Initialize decomposition rate constants for old residues.

2. At harvest:

a Transfer resi duebiomass, stem numbers, decomposition days, decomposition
rates and cover factors from younger to older age pools.

b. Check MANAGEMENT to seeif the harvest process buried residues.

C. Put mass and stem information for harvested crop into IAGE = 1 pools.
d. Initialize decomposition rates and cover factor variables for harvested crop.
3 Dally:

a Test for harvest or tillage date.

b. Cal culatetemperature and moisturefunctionsand accumul ate decomposition
days.
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C. Calculate change in biomass for residue pools
- standing residue mass
- surface residue mass
- below ground residue mass
- root residue mass

d. Calculate transfer of standing residue mass to surface residue mass and
update standing and surface biomass.

e. Compute vertical and horizontal residue cover.
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Soil Submodel

Introduction

All the soil propertiestha control soil wind erodibility vary with time. Hence, the objective
of the soil submodel isto simulate these temporal soil propertieson adaily basisinresponse
to various driving processes. On days when wind erosion or management activities occur,
the Erosion and Management submodels may also update some of the same temporal
variables. The driving processes that change soil temporal properties are mostly weather
related, and hence, the sequence of occurrence of individud driving processes is highly
variable. Thus, the submodel must be able to update the soil variables given an arbitrary
driving process and the il conditions for the prior day. The purpose of this paper isto
provide a brief overview of the major processes that are ssmulated, and the temporal
variablesthat are updated by the soil submodel. For anin-depth discussion of the equations
used inthe Soil submodel, seethe Soil Submodel Technical Document (Hagen et al., 1995).

Spatial Regime

Inthe Soil submodel, the spatial regime
is considered to be uniform in the
Soil Layers horizontal direction over thesimulation
Surface ¢ | region, but non-uniformin the vertical
1 (10 mm) b v~/  i| direction(Fig. 3.4). Hence, thevertical
2 (40mm) T i /| directionisdivided into layersin each
T P s //; soil profile.  Some of the layer
3 (variable) I :,~ | boundaries are selected to coincide
Tl A 4 // // :| with the layers determined by the
i A NRCS Soil Survey of each soil. Layers
max tillage depth T e one and two are initialy set at 10 and
_ I : 40 mm (0.39 and 1.57 inches),
riwibled - ¥ 2 respectively, to alow simulation of
i : sharp gradients in tempora soil

Figure 3.4. Diagram representing the spatial properties near the surface.

domain of the Soil submodel.
Soil Layering Scheme

The hydrology and crop sub-models of WEPS depend upon the soil being stratified by
layers. Hydrology moveswater up and down within the soil based upon therel ative wetness
of adjacent layers. Crop estimates plant growth based upon several factors, one of the most
important being availability of water within the root zone. It isimportant that WEPS keep
track of now how much water is available at various soil depths. Hence, WEPS viewsthe
soil asaseries of layers, each layer passibly havingdistinct phydcal characteristics but this
isnot necessary.

WEPS divides the soil into layers based upon National Soil Information System (NASIS)
input data. The layering scheme respects the underl ying NASIS data. That is, no NASIS
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layers are combined when creating WEPS layers. Much of the complexity of the layering
process is due to the creation of the very thin top layers. The design criteriaare:

10.Preserve NASIS layering, i.e. aWEPS layer cannot crossaNASIS layer boundary.
11.Try to get the first threelayers to be 10, 40 and 50 mm.

12.Preserve the relative sizes 1:4:5:5, of the top layers if the absolute size cannot be
attained.

13.Dividethe remaining layersinto rdatively uniform thicknesses, somewhat thinner at the
top and thicker asdepth increases

Processes Simulated and Variables Updated

The processes simulated and the variables updated are summarized in Table 3.3. Theeffect
of the processes on roughness is always to reduce the roughness. In contrast, many of the
other variables either increase or decrease in valuedepending upon the prior-day value, soil
intrinsic properties and the driving process. To simulate the dry stability and aggregate sze
distribution, for awide range of soils, these variableswerefirst normalized using mean and
standard deviation of the variables for each soil seriesto give arange from 0 to 1 for each
variable. Thedriving processeswere then applied to the normalized rangesto determinethe
change in the normalized variable. Finally, the updated normalized valueswere converted
to the real values of these variables.
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Table 3.3. Soil submodel variable and process matrix.

Surface Processes Layer Processes
Soil Temporal Sprinkler Snow
Variables Rain Irrigaion Melt Wet/dry Freeze/thaw Freeze/dry
Roughness:
Ridge Height X X X
Dike Height X X X
Random X X X
Crust:
Depth X X X
Cover fraction X X X
Density X X X
Stability X X X X X X
L oose mass X X X
L oose cover X X X
Aggregates:
Size didribution X X X X X X
Dry stability X X X X X X
Density X X X X X X
Layers:
Bulk density X X X

In summary, the Soil submodel outputs updated values on a daily basis for each of the
variable listed in Table 1 in response to the occurrence of the various driving processes.
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Erosion Submodel

Y
A Y
N Simulation
region angle
Y
D
I
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A
N
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Figure 3.5. Schematic of simulation region
geometry. Field orientation, end points of bariers,
and opposite corners of the rectangular simulation
region are input to the Erosion submodel.

Introduction

The objective of the erosion
submodel is to simulate the
components of soil loss/deposition
over arectangular field in response
towind speed, wind direction, field
orientation, and surface conditions
on asub-hourly basis (Fig. 3.5). In
WEPS 1.0 barriers maybe placed
on any or al field boundaries.
When barriersare present, thewind
speed is reduced in the sheltered
area on both the upwind and
downwind sides of the barriers.
The submodel determines the
threshold friction velocity at which
erosion can begin for each surface
condition.  When wind speeds
exceed the threshold, the submodel
calculates the loss/deposition over

aseriesof individual grid cellsrepresentingthefield. The soil/lossdepositionisdivided into
componentsof saltation/cregp and suspension, because each has different transport modes,
aswell as off-siteimpacts. Finaly, thefield surfaceis periodically updated to simulate the
changes caused by erosion. The purpose of this paper is to provide users with a brief
overview of the submodel. For an in-depth description of the equations used in this
submodel, see the WEPS Erosion Submodel Technical Description (Hagen, 1995).

&.F. random,
flat biomass
cover

S.F. Loose
soil on crust

cover cover cover

Figure 3.6. Diagram illustrating components of flat
surface cover inputs to the Erosion submodel.
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Surface Conditions Needed as
Inputs

Surface roughnessis represented by
both random roughness and oriented
roughness. The parameters used are
standard deviation of the surface
heights for random roughness and
the height and spacing of ridges for
oriented roughness.

Surfacecover isrepresented onthree
levels (Fig. 3.6). In the first level,
surface rock, aggregates and crust
comprise 100 percent of the cover.
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In the second level, the parameter is the fraction of the crusted surface covered with loose,
erodible soil. When thereis no crust, this parameter is always zero. In the third level, the
parameter is thefraction of total surface covered by flat, random biomass.

The aggregate densty and szedigribution are input parametersthat indicate soil mobility.
The dry mechanical stability of the clods/crug are input parameters that indicate their
resistance to abrasion from impacts by eroding soil. Surface soil wetnessis also input and
used to increasethe threshold fridion velocity at which erosion begins.

Uniformly distributed, standing
biomass is 5 to 10 times more
—_— g;:)c‘gol;ll;f;:;:;fzm effective in controlling wind
h erosion than flat biomass, and thus,
is treated separaely. The wind
friction velocity above standing
biomass is depleted by the leaves
and stems to obtain the surface
_T_ friction velocity at the surface that
Blomes is used to drive erosion (Fig. 3.7).
| 1 Leaves are represented by a leaf
o area index and stems by a stem
silhouette area index in the input
parameters.

STANDING
BIOMASS
stem area &

leaf area

Surface
friction
velocity

Figure 3.7. Diagram illustraing friction vdocity
above standing biomass that is reduced by drag of
stems and leaves to the surface friction velocity
below the standing biomass.

Erosion Processes Simulated

Soil transport during wind erosion occurs in three modes: creep-size aggregates, 0.84-2.0
mm (0.033 - 0.079 in.) in diameter roll along the surface, saltation-size aggregaes, 0.10 -
0.84 mm (0.004 - 0.033 in) in diameter hop over the surface, and suspension-size
aggregates < 0.01 mm ( 0.004 in.) in diameter move above the surface in the turbulent
flow. Obvioudly, vaiationsin friction velocity, aggregate density and sadiment load may
change the mass of aggregates moving in agiven mode. Saltation and creep are smulated
together, because they have alimited trangport capacity that depends mainly upon friction
velocity and surface roughness. The suspensioncomponent issimulated with no upper limit
on its transport capacity at the field scale. A portion of the suspension component alsois
simulated as PM-10, i.e., paticulate matter less than 10 micrometers (0.0004 in.) in
diameter that is regulated as a health hazard.
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Top of control volume (diffusion zone)

Friction

= = E E L [
Velocity

Suspension
= = =
Discharge
Emission of Abrasion of Breakage of

loose soil clods/crust saltation/creep

Saltation/creep
e xe

Discharge

Trapping

Figure 3.8. Diagram illustrating processes
simulated by the Erosion submodd on abare soil
surfacein an indvidual grid cell.

Multiple, physical erosion
processes are simulated in the
erosion submodel, and these are
illustrated for a single grid cell in
Fig. 3.8. The two sources of
eroding soil are emission of loose
soil and entrainment of soil abraded
from clods and crust. These
sources are apportioned between
saltation/creep and suspension
components based on the process
and soil characteristics. Three
processes deplete the amount of
moving saltation/creep.  These
include trapping in surface
depressions, interception by plant
stemg/leaves, and breakage of
saltation/creep to suspension-size.

Simulation of surface rearrangement isaccomplished by allowing emissions to deplete the
loose soil and armor the surface in the upwind field area. In contrast, processes such as
abrasion of the protruding aggregates and trapping in depressions dominate in downwind
areas and lead to smoothing the surface and a build-up of loose saltation/creep. A build-up
of saltation/creep often occurs, becausethe transport capacity may besatisfied, but abrasion

Suspension

 ———— i — .

EHQRETOV=-D H=Qw

Saltatiin & Creep

DOWNWIND DISTANCE

Figure 3.9. Diagram illustrating downwind
transport capadty for saltaion & creep, but a
continuing increase in transported mass of
suspension-size soil downwind.
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of clods/crust continues to create
additional saltation/creep-size sail.

Typica behavior of the downwind
soil discharge smulated along a
line transect for the saltation/creep
and suspension components is
illustrated in Fig. 3.9. The
suspension component keeps
increasing with downwind distance
even though saltation/creep reaches
transport capacity. Thisis because
the sources for suspension-size soil
are usualy active over the entire
field.  These sources include
emissions from impacts on loose
soil, abrasion from clods/crust, and
breakage from impacting
saltation/creep-size aggregates.
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Moreover, the suspension component has a transport capacity many times larger than that
of saltation/creep, soon largefieldsitisthe*freightliner’ for moving soil and saltation/creep
ismerely the ‘ pickup truck’.

Outputs

The Erosion submodel cal cul ates total, suspension, and PM-10 soil loss/deposition at each
gridcell inthefield. Thegrid cell dataare summarized in other parts of WEPS and reported
to users as averages over the field for selected periods. The submodel also calculates the
components of soil discharge crossing each field boundary. These are reported to users
based on the size ranges of aggregates as saltatior/creep, suspension, and PM-10. These
latter outputs are useful for evaluating off-site impacts in any given direction from the
eroding field.
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Weather Database

Introduction

TheWind Erosion Prediction System (WEPS) requires wind speed and direction in order to
simulate the process of soil erosion by wind. These and other weather varicbles are also
needed to drive temporal changes in hydrology, soil erodibility, crop growth, and residue
decomposition in WEPS. The weather generator of WEPS consists of the programs
WINDGEN and CLIGEN as well as a user interface and it is capable of simulating the
needed weather variables on a daily basis and wind speed on asubdaily basis.

WINDGEN isthe program that simulateswind speed and direction for WEPS (Skidmoreand
Tatarko, 1990; Wagner et al., 1992). Itwas devel oped specifically for use with WEPS and
stochastically ssmulates wind direction and maximum and minimum wind speed on adaily
basis. Inaddition, WINDGEN provides thehour at which the maximum wind speed occurs
for each day based on historical records. Subdaily wind speeds are generated from within
WEPS by the subroutine ‘calcwu'.

CLIGEN is the weather generator developed for the Water Erosion Prediction Project
(WEPP) family of erosionmodels (Nickset d., 1987). It isused with WEPSto generate an
average annual air temperature as well as daily precipitation, maximum and minimum
temperature, solar radiation, and dew point temperature. Averagedaily air temperature and
elevation for the site are used to calculateaverage daily air density within WEPS. CLIGEN
will not be described in this document. However, those interested in CLIGEN and how it
simulates these variablesshould consult the WEPP documentation (Nicks and Lane, 1989).
Both CLIGEN and WINDGEN may beexecuted separately from the command line, or they
may be executed together under amenu driven programcalled 'CLI_WIND'. Thisisastand-
alone program that allows the generation of weather output from CLIGEN and WINDGEN
through a user-friendly menu-driven interface.

Windgen Development

Prediction of wind speed and direction, like mog meteorologicd variables, is extremely
difficult. Evenwith advanced technol ogy, such assophi sticated numerical modelsand super
computers, using climatological means is only as accurate as predicting meteorological
variables a few days in advance (Tribbia and Anthes, 1987). Therefore, we resort to
historical statistical information about most meteorological variables and use stochastic
techniques to determine likelihood of various levels of those variables.

V arious model s have been used to describe wind speed distribution. A glance at afrequency
versuswind speed histogram shows that the distribution is not best described by thefamiliar
normal distribution. Distributions that have been used to describe wind speed include the
one-parameter Rayleigh (Hennessey, 1977; Corotiset a., 1978), the two parameter gamma
(Nicks and Lane, 1989), and the two-parameter Weibul (Takle and Brown, 1978; Corotis
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et a., 1978). The Weibull is undoubtedly the most widely used model of common wind
behavior representing wind speed distributions.

We developed a stochastic wind simulator to furnish wind direction and wind speed as
needed by the Wind Erosion Prediction System described by Hagen (1991).

Compact Database

One important requirement of awind simulator for wind erosion modeling is to develop a
compact database. Although described el sewhere (Skidmore and Tatarko, 1990, 1991), we
give here some of the details of creating the compact database. Our database was created
from historical monthly summaries of wind speed and wind direction contained in the
extensive Wind Energy Resource Information System (WERIS) database at the National
Climatic Data Center, Asheville, North Carolina(NCC TD 9793). The WERIS datebaseis
described further in Appendix C of Elliot et al. (1986). Datawere extracted from WERIS
tables and, in some cases, analyzed further to create a database suitable for our needs.

We used datafrom WERIS, joint wind speed/directionfrequency by month (e.g, Table 3.4),
to calculate scale and shape parameters of the Weibull distribution function for each of the
16 cardinal wind directions by month.

The cumulative Weibull distribution function F(u) and the probability density function f(u)
aredefined by:

F(u) = 1-exp[- (u/c)] (3.3)

and
fu) = dFwldu = (klc)ulc)* ' exp[- (u/c)] (3.4
where u iswind speed, c isscale paramete (units of velocity), and k isshape parameter
(dimensionless) (Apt, 1976). Because anemometer heightsvaried from location to location,

al wind speeds (e.g., Column 1, Table 3.4) were adjusted to a 10 m reference height
according to the following:

u, = u(z,/z)"" (3.5)

where ul and u2 are wind speeds at heights z, and z,, respectively (Elliot, 1979).
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Table 3.4. Monthly joint wind speed/direction frequency values.

wind Wind Direction

?rp:sgj N NNE NE ENE E ESE SE SSE S SSW SwW wsw W WNW NW NNW Cam Tota
Calm 0 .0 0 .0 0 .0 0 .0 0 0 0 .0 0 .0 0 .0 17 17
1 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 0

2 3 1 1 .0 1 a1 2 a1 3 a1 5 .5 .6 4 5 2 .0 4.1

3 7 .3 5 4 9 4 .6 .5 9 4 11 11 15 .8 7 .3 0 111

4 1.0 .6 .8 4 11 .9 1.0 .8 1.9 6 .8 12 16 12 7 .5 .0 151

5 9 .6 8 .5 9 .9 1.0 13 21 .9 12 12 16 .5 4 .5 .0 154

6 7 7 .6 4 .6 .5 9 .6 16 10 11 12 7 .6 3 5 0 122

7 1.0 .6 .6 4 2 .5 4 .5 1.6 10 14 .8 7 .5 3 2 .0 100

8 1.0 .6 8 2 5 .3 .6 .3 14 12 1.0 .6 7 4 4 2 .0 101

9 8 4 .6 2 3 1 2 4 1.0 .8 7 .6 .6 4 2 .3 .0 7.6

10 3 4 2 2 1 .0 1 2 8 4 2 .3 4 .3 1 1 .0 43
11 3 4 1 1 .0 .0 1 1 5 2 3 .3 5 1 1 1 .0 31
12 2 1 .0 .0 .0 .0 .0 1 .0 1 1 2 4 1 1 .0 .0 16
13 2 A .0 .0 .0 .0 .0 .0 .0 .8 2 A 3 2 A A .0 13
14 1 .0 .0 .0 .0 .0 .0 .0 .0 .0 1 1 2 1 1 .0 .0 7
15 A .0 .0 .0 .0 .0 .0 .0 .0 .0 A 1 .0 .0 .0 .0 .0 .5
16 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 1 1 .0 .0 .0 .0 2
17 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 1 .0 .0 .0 .0 1
18 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 1
19 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 1
20 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0
21-25 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 0
26-30 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0
31-35 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 .0
36-40 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0
41-up 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 0
Total 7.8 4.8 51 29 4.9 3.8 51 49 122 6.8 89 85 9.9 5.7 4.0 3.0 1.7 100.0
Avg 6.9 7.0 6.1 6.0 5.1 5.2 5.5 5.9 6.2 6.7 6.4 6.2 6.4 6.2 5.6 6.3 .0 6.1

Table12c of WERIS for March, Lubbock, TX

The calm periods were eliminated, and the frequency of wind in each speed group was
normalized to give atotal of 1.0 for each of the 16 cardinal directions (e.g., 1 = North, 2 =
NNE, 3=NE, ... 16 =NNW). Thus,

F\() = [(Fw)- Fp)/(1- Fy] = 1- exp[(u/c)'] (3.6)

where F,(u) is the cumulative distribution with the calm periods eliminated, and F, is the
frequency of the calm periods. The scale and shape parameters were calculated by the
method of least squares applied to the cumulative distribution function (Egn. [3.6]).
Equation [3.6] was rewritten as:

1-F,(u) = exp[- W) (3.7)

Then by taking the logarithm twice, this becomes:

In[-In(1-F,(u))] = -klnc + klnu 3.8)

User Manual Printed 6 November 2001



3.36 DATABASES: WEATHER WEPS

If welety =In[-In(1 - F,(u))],a=-kInc, b=k, and x = In u, Equation [3.8] may be
rewritten as:
y=a+ bx 3.9)

F,(u) was calculated from information in tables like Table 3.9 for each wind speed group to
determiney and x in Equation [3.9]. This gavethe information needed to use a standard
method of least squares to determine the Weibull scale and shape parameters. To recover
the real distribution, we can rewrite Equation [3.6] as:

Fu) = F, + (1- F)(1- exp[- (w/c)]) (3.10)

Wind direction distribution for each |ocation was summarized by month from the"TOTAL"
row near the bottom of Table 3.9 for each location.

Other pertinent data, obtained from the Wind Energy Resource Atlas of the United States
(Elliot et al., 1986), included latitude, longitude, city, state, location name, Weather Bureau
Army Navy (WBAN) number, agency responsible for the weather station, period of record,
anemometer height and location, and number of observations per 24-hour period.

We eliminated WERI'S sitesfrom our database if they represented less than 5 years of data,
the anemometer height was not known, or fewer than 8 observations were taken per day.
Where more than one satisfactory observation period/site remained in a metropolis, we
picked the site with the best combination of the following: (1) maximum number of hours
per day observations were taken, (2) longest period of record, (3) 1 hourly versus 3 hourly
observations, and (4) best location of anemometer (ground mast > beacon tower > roof top
> unknown location). The WINDGEN database currently consists of statistical parameters
for 672 locations in the United States.

FromWERIS, we obtained aratio of maximum/minimum mean hourlywind speed and hour
of maximum wind speed by month (e.g., Table 3.5). Tables 3.5, 3.6, 3.7, and 3.8 give
examples of wind information we compiled into a compact database.

Table 3.5. Ratio of maximum to minimum hourly wind speed (max/min) and hour of
maximum wind speed.

Month
1 2 3 4 5 6 7 8 9 10 11 12
max/min 15 15 16 16 16 16 16 17 15 16 16 15

hour max 15 12 15 15 18 18 18 15 15 15 12 15
Vauesfrom WERIS T able 5 for Lubbock, T X (Skidmore and Tatarko, 1991) where M onth 1 = January.
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Table 3.6. Wind direction distribution by month in percent.

Wind Month

Direction 1 2 3 4 5 6 7 8 9 10 11 12

1 8.2 9.7 7.8 55 5.3 3.1 2.3 2.9 5.9 6.3 8.8 9.0
2 5.0 4.9 4.8 3.6 3.7 2.2 15 2.6 4.8 5.0 4.4 4.8
3 5.0 5.9 51 4.1 4.1 3.2 3.9 4.2 6.3 5.3 4.8 4.7
4 3.8 4.2 2.9 4.5 4.8 4.1 3.8 4.7 4.9 4.1 3.1 31
5 4.0 4.3 4.9 53 5.9 5.0 5.9 6.7 6.3 4.3 4.4 2.2
6 31 3.8 3.8 4.7 6.6 6.1 5.7 6.3 5.7 3.0 3.2 1.9
7 3.3 3.8 51 6.5 105 10.4 10.0 9.7 7.5 4.2 34 21
8 2.9 3.3 4.9 4.9 8.3 9.5 11.6 14.9 13.6 9.0 5.4 3.7
9 9.8 8.7 12.2 16.4 16.4 26.8 27.4 241 18.6 19.7 11.7 9.4
10 6.0 57 6.8 6.5 6.9 9.2 8.8 7.2 7.9 9.6 7.5 7.4
11 9.6 8.5 8.9 7.7 7.3 59 59 51 6.2 8.2 99 101
12 9.6 9.3 8.5 7.9 4.7 34 24 2.8 35 6.0 9.0 9.8
13 123 10.8 9.9 6.7 51 3.3 2.0 1.7 35 6.1 9.0 118
14 6.3 6.2 5.7 4.6 3.0 15 1.0 11 17 3.2 51 7.7
15 4.7 4.9 4.0 34 2.6 16 0.8 11 2.0 3.0 4.3 53
16 3.8 3.4 3.0 3.0 18 11 0.6 11 21 2.9 3.0 4.0
17 2.7 2.7 17 14 18 15 31 5.0 4.0 3.6 4.8 4.3

Directionsare clockwise with 1 = north and Month 1 = January. Direction 17 represents calm periods. Values
for Lubbock, TX (Skidmore and Tatarko, 1991).

Table 3.7. Weibull shape parameters by month and direction.

Wind Month
Direction 1 2 3 4 5 6 7 8 9 10 11 12
1 25 25 2.7 2.6 2.8 2.3 2.2 2.6 2.3 25 2.7 2.7
2 2.8 2.4 3.2 2.9 2.8 2.7 3.2 2.3 3.1 2.8 2.7 2.6
3 2.8 3.1 3.3 2.8 2.7 2.9 2.8 3.3 3.2 3.3 3.0 3.2
4 3.9 3.4 3.0 35 3.0 2.6 2.8 2.9 3.2 3.1 2.7 3.2
5 3.1 3.2 3.3 2.9 3.0 3.4 3.1 3.2 3.3 3.0 3.6 2.8
6
7
8
9

34 3.6 3.9 3.3 3.6 4.4 3.7 3.9 3.3 35 3.6 51
3.7 3.3 3.3 3.3 3.4 3.6 35 35 3.9 4.1 3.6 54
3.2 4.1 3.3 35 3.3 35 3.8 3.7 35 2.9 3.0 4.5
2.9 3.2 3.6 3.3 3.3 3.7 3.7 3.7 34 3.3 3.3 3.2
10 31 35 3.7 3.7 3.2 35 3.9 3.6 4.0 3.2 35 3.2
11 34 3.2 2.7 3.2 3.2 3.0 35 3.0 34 3.0 3.2 3.2
12 2.5 2.6 25 24 2.5 2.9 34 3.6 3.0 2.7 2.6 2.6
13 2.1 24 2.2 25 2.6 2.2 3.3 31 3.0 24 2.2 2.2
14 21 2.2 23 25 24 3.6 41 35 2.6 24 18 2.0
15 24 2.6 22 25 25 31 3.3 2.9 29 2.0 22 23
16 2.2 2.6 2.7 23 2.8 3.3 2.6 35 25 21 24 24
17 2.6 2.6 2.7 2.9 3.0 3.1 3.3 3.2 3.0 2.7 2.6 2.6

The directions areclockwise starting with 1=north. Direction 17 isfor total wind. Values arefor Lubbock, TX
(Skidmore and Tatarko, 1991).
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Table 3.8. Weibull scale parameters by month and direction in m/s.

Wind Month
Direction 1 2 3 4 5 6 7 8 9 10 11 12

1 8.0 8.2 8.8 8.3 8.0 7.6 5.8 5.0 6.4 7.5 7.5 7.9
2 8.2 9.2 9.0 8.6 8.3 7.6 6.0 5.7 7.3 7.5 6.7 8.1
3 6.6 7.8 8.0 8.3 7.9 7.2 5.8 5.8 5.9 7.0 6.5 6.8
4 6.5 6.5 7.8 6.9 7.3 6.3 5.9 5.2 53 6.2 5.7 6.3
5 6.0 6.3 6.7 6.4 6.6 6.3 52 4.8 4.6 5.2 5.0 5.0
6
7
8
9

5.3 6.4 6.8 7.1 7.1 6.2 53 5.0 5.2 5.1 5.1 4.2

5.5 6.4 7.2 7.2 7.4 6.8 6.0 55 5.5 5.3 4.8 5.2

5.9 6.1 7.5 85 8.0 7.5 6.3 5.8 5.9 6.2 5.8 5.2

6.2 7.0 7.9 8.5 8.1 8.0 6.8 6.5 6.5 6.6 6.2 6.5

10 7.2 7.2 8.7 8.5 8.1 7.7 6.9 6.5 6.9 6.9 6.9 7.4

11 7.3 7.6 8.2 8.4 7.6 6.9 6.1 5.9 6.1 6.2 6.5 6.9

12 6.5 7.0 8.0 8.6 7.8 7.0 5.4 5.0 52 59 6.4 6.0

13 6.7 6.8 8.3 8.8 7.2 6.4 4.9 4.4 5.3 51 6.3 6.4

14 7.1 7.2 7.8 8.1 7.0 5.6 4.3 4.2 4.6 51 6.0 6.9

15 6.1 6.1 7.2 7.2 7.1 5.3 4.6 45 44 4.9 6.4 6.5

16 7.1 7.7 7.7 8.3 6.6 5.7 4.8 3.9 4.9 6.4 7.1 7.2

17 6.8 7.3 8.1 8.2 7.7 7.3 6.3 5.8 59 6.3 6.4 6.7

Directions are clockwise starting with 1=north. Direction 17 isfor total wind. Values for Lubbock, TX. Wind
speed adjusted to height of 10 meters (Skidmore and Tatarko, 1991).

Following is an example WINDGEN database record for Goodland, Kansas.
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Example WINDGEN database entry for Goodland, Kansas.

1 # 23065 USA KS GOODLAND

2 39 22 N 101 42 W 1112 19500609 19640322 ARW

3 2.4 2.8 2.6 2.2 2.5 2.4 3.7 3.5 3.3

4 7.7 8.2 10.1 9.4 6.8 5.6 4.7 4.5 6.3

5 4.6 4.0 5.7 5.6 5.8 5.1 4.9 4.6 6.2

6 2.3 2.9 3.5 4.0 5.8 5.9 5.1 4.5 3.8

7 1.3 1.6 2.5 3.2 4.4 4.3 3.4 3.4 3.6

8 1.1 1.1 1.9 2.6 3.2 3.4 3.5 2.8 2.9

9 1.8 2.4 3.7 5.2 6.2 5.9 6.7 5.1 4.4

10 2.5 3.9 6.0 6.3 8.2 9.0 11.2 9.7 6.0

11 5.8 7.2 8.2 10.5 12.9 14.0 16.8 17.2 14.0 1
12 6.0 6.9 7.2 9.4 11.0 13.4 13.6 13.4 14.8 1
13 4.7 4.5 4.7 6.2 5.7 8.3 7.6 8.3 8.2

14 8.2 7.2 5.5 5.0 4.3 5.0 5.3 6.2 5.9

15 16.3 11.8 7.9 5.9 5.6 4.0 3.4 4.0 5.0

16 6.6 5.5 3.6 2.5 1.9 1.5 1.4 2.2 2.4

17 8.7 7.7 5.7 4.2 3.8 2.8 2.3 2.9 3.0

18 10.6 10.8 8.7 7.7 5.8 4.2 2.9 3.6 4.7

19 9.4 11.5 12.3 10.2 6.2 5.2 3.5 4.1 5.7

20 7.89 8.11 8.61 8.15 7.03 6.53 5.89 5.88
21 6.99 7.07 7.26 6.83 6.49 6.60 6.21 5.64
22 5.08 5.36 6.08 5.90 6.26 6.16 5.91 5.44
23 4.86 4.36 5.89 6.16 6.70 6.32 6.01 5.20
24 4.40 4.30 5.59 5.56 5.51 5.88 5.21 4.86
25 4.58 5.26 5.67 6.19 6.64 6.59 5.74 5.58
26 5.01 5.73 6.85 6.85 7.14 6.65 6.22 6.00
27 5.99 6.41 7.42 8.13 7.82 7.80 6.80 6.91
28 6.26 6.63 7.65 8.12 7.76 7.83 6.98 6.83
29 6.14 6.64 7.31 7.50 7.25 8.03 6.75 6.48
30 5.62 5.23 6.28 5.95 5.81 5.93 5.37 5.20
31 5.18 5.18 5.42 5.22 5.22 5.07 4.31 4.28
32 4.71 4.49 4.89 4.62 4.06 3.55 3.16 3.28
33 5.27 5.39 6.09 6.00 5.37 5.34 4.19 4.52
34 6.77 6.93 7.86 7.93 7.27 5.70 4.41 4.56
35 8.05 8.71 9.67 9.10 7.41 6.81 5.84 5.85
36 2.32 2.41 2.29 2.70 2.43 2.41 2.37 2.43
37 2.82 2.51 2.59 2.54 2.83 2.55 2.43 2.67
38 3.07 2.87 2.56 2.88 2.61 2.57 2.40 2.37
39 3.60 4.00 3.27 2.36 2.45 2.67 2.84 2.68
40 4.04 2.58 2.91 3.06 2.56 2.65 2.47 2.76
41 3.36 3.02 2.86 2.52 2.56 2.56 2.50 2.64
42 2.53 2.74 2.79 2.60 2.61 2.74 2.70 2.68
43 3.14 3.02 2.91 2.93 2.97 2.81 3.15 3.06
44 3.20 2.74 2.71 2.85 2.62 3.01 3.23 3.08
45 3.48 2.78 2.67 3.02 2.67 3.10 3.16 2.84
46 3.26 3.23 2.78 2.90 2.69 2.84 2.74 2.99
47 3.84 3.42 3.36 3.24 3.37 2.62 3.34 2.97
48 3.36 3.37 2.67 3.16 3.09 3.08 2.96 4.30
49 3.17 3.18 2.29 2.62 2.67 2.59 2.39 2.64
50 2.42 2.32 2.20 2.16 2.07 2.32 2.60 2.53
51 2.45 2.50 2.42 2.39 2.58 2.40 2.25 2.34
52 1.4 1.4 1.3 1.4 1.4 1.4 1.6 1.6 1.3 1
53 12 12 11 14 15 15 17 17 15
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Meaning of each item in the preceding example:

line Item
number

1 #

23065

US4

KS

Goodland

2 3922 N

101 42w

1112

19500609

19640322

ARW

Meaning

Starting mark

A unique number (WBAN) associated with the WERIS
(Wind Energy Resource Informéion System) database site

Country

State

Name of the site

Latitude of the location (39° 22' N)
Longitude of thelocation (101° 42' W)
Elevation (m)

Beginning record date (yyyymmdd)
Ending record date (yyyymmdd)

A three letter code containing record information:

first letter 4 -- # of observation/day

A 24

B 19-23

C 12-18

D 5-11

E 4

F Lessthan 3

G Greater than 24

U Unknown
second letter R -- Anemometer location

R Roof-top

G Ground mast

B Beacon tower
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E Estimated Wind, no anemometer
@] Other
U Unknown

third letter W -- Recording agency

A Air Force
D US Department of Agriculture
E Experiment Station
N Navy
W Westher Service
F FAA
O Other
U Unknown
3-18 2.4 ... Wind direction distribution by month (column) and direction (16
rows).
19 9.4 ... Percent of time calm (no wind) by month.
20-35 7.89 ... Weibull scale parameter by month (column) and direction (16 rows),
C (m/s).
36-51 2.32... Weibull shape paramete by month (column) and direction (16 rows),
K.
52 1.4 ... Theaverageratio of maximum mean hourly to minimum mean hourly

observed wind speeds by month.

53 12 ... Average hour of maximum wind speed by month.
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Soil Database

DATABASES: SOIL 3.43

The soil database for WEPS isderived from theNational Soil Information System (NASIS)
developed and maintained by the USDA-NRCS. Bdow isalist of the data elementswhich
are obtained from NASIS and a brief description of each.

Header Descriptive Name (units) - definition - data type

state State name - character

county County name - The name of the County - character

ssaname Soil survey area name - The name given to the specified geographic area
(e.0., soil survey area) - charecter

ssaid Soil survey area symbol - A symbol that uniquely identifies a singe
occurrence of a particular type of area (eg Lancaster Co., Nebraska is
NE109) - character

musym Map Unit Symbol - The symbol used uniquely identify the soil magp unit in
the soil survey - character

compname  Soil component name - The correlated name of the map unit - character

comppct Soil component percent (%) - The percentage of the component of the map
unit - integer

taxorder Soil taxonomic order - The soil order of the soil component name - character

slope Slope gradient (%) - The difference in elevation between two points - float

albedodry  Albedo of the bare dry surface soil - The estimated ratio of the incident
shortwave (solar) radiation that is reflected by the air dry, less than 2 mm
fraction of the soil (unitless) - float

#of layers = Number of soil horizons or layers - integer

hzdept Depth to top of horizon (cm) - The distance from top of the soil to the top of
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Depth to bottom of horizon (cm) - The distance from top of the soil to the
base of soil horizon - integer

Thickness of soil horizon (cm) - A measurement from the top to bottom of
the soil horizon - integer

Soil texture- An expression, based onthe USDA system of particle sizes, for
the relative proportions of various size groups - character

Clay (%) - Minera particleslessthan 0.002 mmin equivalent diameter asa
weight percentage - float

Sand (%) - Mineral particles 0.05 to 2.0 mm in equivalent diameter as a
weight percentage - float

Coarsesand (%) - Mineral paticles 0.5 to 1.0 mmin equivalent diameter as
aweight percentage - float

Medium sand (%) - Mineral particles 0.25to 0.5 mm in equivalent diameter
as aweight percentage - float

Fine sand (%) - Minera partides 0.10 to 0.25 mm inequivalent diameter as
aweight percentage - float

Very fine sand (%) - Mineral particles 0.05 to 0.10 mm in equivalent
diameter as aweight percentage - float

Bulk density 1/3 bar (Mg/m®) - The oven dried weight of the less than 2.0
mm soil material per unit volume at atension of 1/3 bar - float

Bulk density oven dry (Mg/n?) - The oven dried weight of the less than 2.0
mm soil material per unit volume - float

Water 1/10 bar (%) - The amount of sail water retained at atension pf 1/10
bar (10 kPa), expressad as a percentage of the less than 2 mm, oven-dry soil
weight. If the soil is a sand, the 1/10 bar water will be listed, if not, the
column is blank. - float

Water 1/3 bar (%) - The amount of soil water retained at atension pf 1/3 bar

(33 kPa), expressed as a percentage of the less than 2 mm, oven-dry soil
weight - float
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Water 15 bar (%) - The amount of soil water retained at atension pf 15 bar
(1500 kPa), expressed as a percentage of the less than 2 mm, oven-dry soil
weight - float

Saturated hydraulic conductivity (um/s) - The amount of water that would
move vertically through a unit area of saturated soil inunit time under unit
hydraulic gradient - float

Cation exchange capacity (meg/100 g) - Theamount of exchangeabl e cations
that asoil can adsorb at pH 7.0 - float. If the soil hasapH <5.5, the column
is blank, otherwise the effective cation exchange capacity will be listed.

Effective Cation exchange capacity (meg/100 g) - The sum of NH40Ac
extractablebases plus K Cl extractable a uminum used for soils that have pH
<55 - float. If the soil has a pH < 5.5, the effective cation exchange
capacity will belisted, if not the column is blank.

Organicmatter (%) - The amount by weight of decomposed plant and animal
residue expressed as a weight percent of the soil material - float

Calcium carbonate equivaent (%) - The quantity of Carbonate (CO3) inthe
soil expressed as CaCO3 as aweight percentage of the < 2 mm soil - integer

Soil Reaction - pH (unitless) - A numerical expression of the relativeacidity
or alkalinity of asoil using thel:1soil to water method. - float. If the soil is
aminera soil, the pH will belisted, if not, the column is blank.

Soil Reaction - pH (unitless) - A numerical expression of the relative acidity
or alkalinity of a soil using the 0.01M calcium chloride method. - float. If
the soil isaHistosol, the pH will be listed, if not, the column is blank.

Rock fragments by volume (%) - The volume of the horizon occupied by 2
mm or larger fraction - integer

Linear extensibility percent (%) - The linear expression of the volume
difference of the natural soil fabric at 1/3or 1/10 bar water content and oven
dryness. The volume change is reported as a percent change for the whole
soil. - float

The WEPS soil database format as downloaded from NASIS, isan ascii text filewith each
element being separated by the pipe(|) symbol. Each layer ison oneline, withvarious soils
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listed one after another. Note that there are two placesfor pH and two for CEC. Only one
of each of thesewill be populated depending on the type of soil. So only one vdue should
Is taken from the two columns to fill out the corresponding column in the ifc file. The
WEPS soil interface then converts the units and generates further data elements as required
by WEPS.
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Crop Database

Introduction

In the WEPS plant growth submodel biomass is converted from solar radiation and
partitioned to root and ‘shoot’ parts (Fig. 3.10). The shoot mass is partitioned into leaf,
stem, and reproductive masses. Finally thereproductive massis partitioned into grain and
chaff parts. Development of the crop in WEPS is afunction of the heat unit index, which
istheratio of the cumulated growing degree days & any timeto the seasonal growing degree
days. The arop reaches maturity when the heat unitindex is1. To perform these and other
operations the WEPS plant growth model uses crop paramete's. A short description of all
the database parameters used in the WEPS plant growth model is below. The parameters
consist of amixture of plant growth, decomposition, and other related information used to
simulate plant growth and decomposition in the WEPS model.

Leaf
mass

Stem
mass _

Reproductive
mass

Daily
converted
hiom ass

Root

mass

Figure 3.10. Schematic of biomass partitioning in WEPS.

Crop Parameters

Accessing the crop parameters. Many of the crop database parameters can be accessed (i.e.,
viewed or modified) through the WEPS crop rotation editor. Double clicking onthe folder
icon|za], on the left side of the main screen management box, will bring up the management
crop rotation editor. This allows the user to modify management scenarios and save them
to other file names. The crop parameter window can be accessed by clicking on the folder
icon [ next to alisted crop on the left side of the *Crop’ column of the MCREW window.
The crop parameters are grouped in 6 tabs. Many of the parameters are assumed to be crop
specific, and therefore should not be changed unless the user establishesthat a parameter(s)
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does not work for their condition. At the top of the crop parameter window is the *Crop
Name' selection list. Clicking on the down arrow [+] brings up alist from which to select
acrop. Thisisalist of the common name of the crop, which may be followed by additional
descriptors when there aremultiple entries for the same crop. For example, ‘ soybeans, MG
0, 95 days' meansthat the name of the crop is soybeans belonging to maturity group O, and
takes about 95 days to mature.

& x| Seeding tab (Fig 3.11): This tab
Crop Parameters haS tWO Val’l abl eS, ‘ pl ant
- population’ and ‘tillering factor’,

Crop Name: | wheat, winter, hard - |
that are read from the crop
Seeding rﬁrowth Frost | Partitioning | Size | Decomposition databa.% Plant populalon |S the
O Broadcast Planting number of plants or seedlings per
& US Inonciic Exs siiacig unit area. Themodel assumes 100%
i germination rate. The tillering
Crap row spacing: R factor is the number of tillers per
Plarnt population: B0z L #acre plant. Normaly the model is run
Tillering factor, seed pop to stern count: 1 with the ‘Biomass wjustment
(@) Grow crop using haseline parameters faCtOI” Set tO 10 Howe\/er, the
() Use given biomass and ratio adjustment factors mOdel can be run by enterl ng the
Biomass adjustment factor: lig deSI red bl Omass ajj UStment faCtor'
This choice can be made by
| savecroptoDatabase || 0K || cancel | clicking on the ‘use given biomass

and ratio adjustment factors' circle
and entering the desired biomass
adjustment factor. It is
recommended that the use of a biomass adjustment factor be limited to cases when it can be
demonstrated that biomass production was influenced by processes other than those
simulated in the model. The defauit plant population (seeding rate) can be changedto suit
the conditions being simulated. As mentioned above plant population density will have an
impact on amount of vegetative cover, and therefore erosion rates, during the early part of
the growing period. It can also have animpact on ‘yield'.

Figure 3.11. Seeding tab window.

Growth tab (Fig. 3.12): Thistab displays ten parameters from the crop database. First the
user must select the mode of cal culation; whether to usethe* daysto maturity’ (DTM) mode,
or the ‘seasonal growing degree days (GDD,)'. This is done by clicking the appropriate
circle labeled ‘ Crop matures on average in Days shown’ or ‘Crop Matures in Heat Units
shown’. GDD;isthetotal growing degree days from planti ng to physiol ogical maturity. In
the GDD, mode the user can either use the default GDD, or supply another value. In the
DTM modethe model computes GDD,internally. A brief description of DTM follows. For
annual crops DTM is the number of days from planting to physiological maturity. For
perennial crops (e.g. dfalfa), DTM is the number of days from start of spring growth to
physiologica maturity of seed. For perennials, the date of spring planting (or start of spring
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& =| growth) is not a data entry, but
Crop Parameters calculated internally in the Crop
submodel. For root and vegetae

Crop Name: |wheat, winter, hard v| Crops, DTM is the numbe‘ Of d@/s
Seeding rGruwth Frost | Partitioning | Size | Decomposition from the p| ant| ng/tranS[d ant| ng date
) warm legume (soybeans, etc.) to market ‘ maturity’. Similarly, for
C/Curil seasleuume [reas, e ) tropical fruit crops (e.g. pineapple)
) Perennial Legume (alfalfa, etc.) DTM iS the number Of dayS from

i) Spring Seeded and Warm Season Annuals {cotton, sunflowers, corn, etc.)

planting to market maturity of fruit.
For sugarcane, DTM isthe number
of days from planting to the time
when the cane isready for cutting.

(@) Cold Season Annuals (winter wheat, winter canola)

) Perennials (pasture,etc.)

Grain (seed) fraction of reproductive biomass camponent. 0.8 fraction

R T e For cover crops DTM is the time
Retooeat s etart o ssnsssancanomah 8 Jracton from planting a the normal
e e - planting time to physiological
i it — maturity.  If a user fegls that the
minimum temperature forpantgrowt: 132 IdsaF default value of DTM is either too
optimaltempersture forplantgrowth: 199 JdeaF long or too short then the user

e memen nn i should replace it to more correctly

b i ok represent the cultivar or variety
tirme of unintetrupted growth to maturity: 240 |days bemg simulated. Since DTM s
Growing degree days to maturity: B240 [gegFday used in internal computations of
Biomass conversion eficiency: 3B | ghame) GDDS it determines the Iength of

the growing season. If the user
chosethe GDD, mode then the user
Figure 3.12. Growth tab window. must ensure that the default GDD,
applies to the variety being
simulated. In most cases it is recommended that the DTM method should be used, most
users may be morefamiliar with the number of days a crop may take to mature than with
how many growing-degree-days acrop takesto mature. However, the GDD, method should
be used for cover crops that are planted out of season. It is recommended that most of the
remaining parametersin this tab should not be changed without proper evaluation.

| Save Crop to Database || 0K || Cancel |

A brief definition of the parametersin thistab is below:

Grain (seed) fraction of reproductive biomass component: Harvestable fraction of
reproductive biomass. For grain crops the reproductive mass is the ratio of grain mass to
reproductive mass (grain/(grain+chaff)). For cornthe ‘chaff’ will include the husk and the
shank. For many field crops avalue of 0.8 is used.

light extinction coefficient: A measure of how much of the light energy is transmitted
through acanopy. This parameter isaconstant in the equation used to convert light energy
into biomass. Values may range from 0.3 t0 0.6 for crops with upright leaves, and from 0.6
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to 1.05 for crops with horizontal leaves.

Ratio of heat units (start of senescence'total): This parameter determineswhen senescence
will start (e.g. avalue of 0.8 indicates that senescence will start when 80% of the growing
season is completed).

maximum crop height: The height a plant can reach under ideal growing conditions.

maximum root depth: The depth that the root of a plant can reach under ideal growing
conditions.

minimum temperaturefor plant growth: The averagedaily air temperature below which the
model will not allow plant growth (the temperature stress factor is 0.0).

optimal temperaturefar plant growth: The averagedaily air temperatureat which the model
will alow maximum growth (the temperature stress factor is 1.0).

time of uninterrupted growth to maturity: Thislabel is misleading and should be changed
to read: days from planting to physiological (or market) maturity. For annual grain crops,
the average number of days from planting to maturity of seed; for vegetable, fruit and root
crops, sugarcane, and tobacco it is the number of days from plarting (or ratooning) to
harvest; for perenni s (e.g. alfalfa) itisthe number of daysfrom spring growth to maturity
of seed.

Growing degree days to maturity: For annua grain crops, the average seasonal growing-
degree-days from planting to maturity of seed; for vegetable, fruit and root crops, sugarcane,
and tobacco it is the average seasonal growing-degree-days from planting (or ratooning) to
harvest; for perennials (e.g. alfalfa) it is the average seasonal growing-degree-days from
spring growth to maturity of seed.

Biomass conversion efficiency: Energy to biomass conversion parameter at ambient CO,
levels. Thisparameter determines how effedive a crop isin converting photosynthetically
active radiation into structural biomass. This parameter may be changed based on field
experimentation.
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Frost tab (Fig. 3.13): The Crop
submodel reduces green leaf area
in response to frost. The frost

=

Crop Parameters

CropName:  |wheat, wintar, hard *| | parametersdeterminetheshapeof
Seeding rGruwth Frost | Partitioning I/Si?rnecumpusitiuﬂ aSi ngId curve Usaj in am ng
Upper frost damage threshold temperature: ’BidegF rate Of gr%n leaf area redUCtion
Loweer frost damage threshold termperature; 5 deg F inreq:)onsetoternperatureSbeIOW
Damage atupperfrostdamagethresholdtemperature:lﬁﬂaction fr%ﬂ ng (Flg 314)

Damage at lower frost damage threshald temperature:’mifraction
Note: Changing parameters on
the ‘Frost’” tab is not
recommended unless the user
| Save Crop to Database || OK || Cancel Compl ete|y Understands the”—
Figure 3.13. Frost tab window. derivation and theresulting effect

of the changes. Contact WERU
for more assistance.

T (- 15095
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=20 -14 -10 -5 0
Minimum te mperature (°C)

Figure 3.14. Example frost damage curve.
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The frost parameters follow:

Upper frost damage threshold temperature: Thislabel should be changed toread ‘ upper frost
damage temperature’.

L ower frost damagethresholdtemperature: Thislabel should be changedtoread ‘ lower frost
damage temperature’ .

Damage at upper frost damage threshold temperature: Thislabel should be changed to read
‘relative damage at upper frost temperature’

Damage at lower frost damage threshold temperature: Thislabel should be changed to read
‘relative damage at lower frost temperature’.

=] x| Partitioning tab (Fig 3.15): There 8
Crop Parameters parameters in this tab. These
_ parameters are the coefficients in a
Crop Name: |wheat,wmter,hard v| = .
4-parameter logistic function to
Seeding rﬁrowth Frost | Partitioning | Size Decomposition| determine partltlonl ng Of (Shods
EREOn celents OTER— biomass into leaf or reproductive
N petz | masses. The first 4 coefficients are
i iBntic: 0.4283
leaffraction coefficient ¢ — fOI’ |eal: and the |aSt 4 are fOI‘
leaffraction coefficient d reproductlve (F|g 316)
reproductive mass coefiicient a: -0.018
reproductive mass coefiicient b: 0832 .
Note: Changing parameters on the
reproductive mass coeficient ¢; 0.556 . . ; s .
Partitioning’ tab is not
reproductive mass coefiicient d: 0.0738
recommended unless the user
| Save Crop to Database || OK || Cancel | Completely undel’StandS the|r

derivation and the resulting effect of
the changes. Thesx parametes
requireextensivetestingand or field
dataif new values are to be generated and used. Contact WERU for more assistance. The
parameters are:

Figure 3.15. Partitioning tab window.

|eaf fraction coefficient & Theintercept of a4-parameter logistic functionusedin computing
the fraction of daily converted ‘ shoot’ (above ground) biomass that goes into leaves.

leaf fraction coefficient b: The asymptae of a 4-parameer logistic function used in
computing the fraction of daily converted ‘shoot’ (above ground) biomass that goes into
leaves.

leaf fraction coefficient ¢. The inflection paint of a 4-parameter logistic fundion used in
computing the fraction of daily converted ‘shoot’ (above ground) biomass that goes into
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leaves.
leaf fraction coefficient d: The inverse of the slope of a 4-parameter logistic function used

in computing the fraction of daily converted ‘ shoot’ (aboveground) biomassthat goesinto
leaves.

reproductive mass fraction coefficient a The intercept of a 4-parameter logistic function
used in computing the fraction of daily converted ‘ shoat’ (above ground) biomass that goes
into reproductive parts or yield.

reproductive mass fraction coefficient b: The asymptote of a4-parameter logistic function
used in computing the fraction of daily converted ‘ shoot’ (above ground) biomass that goes
into reproductive parts or yield.

reproductive mass fraction coefficient ¢ The inflection point of a 4-parameter logistic
function used in computing the fraction of daily converted *shoot’ (above ground) biomass
that goes into reproductive parts or yield.

reproductive mass fraction coefficient d: The inverseof the slope of a4-parameter logstic
function used in computing the fraction of daily converted ‘shoot’ (above ground) biomass
that goes into reproductive parts or yield.

1.2
-1 u
leat
0.8 4 reproductive
2
E
§ 05 A
=
=
=
o
0.4 4
0.2
I:l 1 1 ] T T 1 1 1 1
] oA 0.z 0.3 0.4 0.5 06 0.y na na 1
Heat unit index

Figure 3.16. Example shoot and reproductive growth curves.
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= Sizetab (Fig 3.17): Miscellaneous
Crop Parameters types of crop architecture
ety [ = parametersare contained inthistab.
Seeding rGrOMh Frost | Partitioning | Size Decomposition| NOte' Chang'ng parame'[el’S on the
crop height curve shape coefficient a: M ‘Size’ tab iS not recommendaj
crop height curve shape coefficient b: M UnleSS the user Comp'ete'y
Specific stemn silhouette area: 0.5873 Ib/t2 Understandsthe' r derlvaII on and the
Specific stem silhouette area exponent: ;

resulting effect of the changes.

specific leaf area: it o These parameters require extensive
Heat units ratio to emergence: 005 | tes“ng and or field data if new
starting leaf area at emergence: Min"ﬂplant VaJ uesareto be generated and used

sl Contact WERU for more assistance.

Figure 3.17. Sizetab window.

The parametersare:

crop height curve shape coefficient a Theinflection point of a2-parameter sigmoid function
used to compute plant height.

crop height curve shape coefficient b: The inverse of the slope of a 2-paramete sigmoid
function used to compute plant height (Fig. 3.18). These two parameters determine the
potential rate of increasein plant height of acrop. The parametersaretheresult of assuming
that plant height growth followsthe growth patternsin leaf area. However,these parameters
can also be derived from field measured plant height data.

Specific stem silhouette area: A slope coefficient of a power function.

Specific stem silhouette areaexponent: For many aops, for which field dataare available,
it has been found that the relationship of stem silhouette area to its mass is strongly
correlated to a 2-parameter power function. The power function is used in the model to
compute stem silhouette area. The parameters are the coefficients of the power function.
These parameters can be determined from field data of stem mass and stem silhouette area.

specific leaf arear The slope of a linear regression line of leaf mass vs leaf area. A zero-
intercept linear function relating leaf mass to leaf areais used in the model to convert |eaf
mass to leaf area. This parameter can be determined from field data of |eaf mass and |eaf
area.
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Figure 3.18. Sample graph of the function used to compute plant height.

Heat unit ratio to emergence: The relative heat units required for emergence. The model
assumes that under average conditions it tekes about 100 degree C days from seeding to
emergence. The parameter is the ratio of degree C days from seeding to emergence to the
degree C days from seeding to maturity.

starting leaf area per plant at emergence: The average estimated leaf area per plant when
seedling emerges from the ground (inches*2/plant).
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Crop Parameters

Crop Mame: |wheat, winter, hard - |

Seeding rGrowth Frost | Partitioning | Size | Decomposition

i Fragile-very small {(soybeans) residue
(® Moderatehy tough-short (wheat) residue
) Non fragile-med (corn) residue

i Woody-large residue

) Gravel-rock

decampasition rate far standing stalks: 0.0133
decampasition rate far surface residue: 0.0133
decormposition rate for buried crop residue; [9.9133

decomposition rate far roots: 0.0133
decompasition {fall) rate for standing stalks: 0.12
average stem diameter: 0.0164 ft
degree days threshold when stems begin to fall: 307200 deg F day
cover factor {mass to cover ratio): 6.5
| Save Crop to Database | | 0K | | Cancel |

Figure 3.19. Decomposition tab window.

Parameters for each option are:

Decomposition tab (Fig 3.19): Five
options are available for selecting
decomposition parameters for
surface and buried residue. They
range from fragile to non-erodible
types depending on the crop type.

Note: Changing parameters on the
‘Decomposition’” tab is not
recommended unless the user
completely understands their
derivation and the resulting effect
of the changes. These parameters
require extensive testing and or
field data if new values are to be
generated and used.  Contact
WERU for more assistance.

decompositionratefor standing stalks: Standing residue mass decomposition rate (g/g/day).

decomposition rate for surface residues. Flat residue decomposition rate (g/g/day).

decomposition rate for buried crop residue: Buried residue decomposition rate (g/g/day).

decomposition rate for roots. Root residue mass decomposition rate (g/g/day).

decomposition (fall) rate for standing stalks: The rate at which standing stalks fall to a

flattened (horizontal) position on the soil surface.

average stem diameter: Residue stem diameter (meters or feet).

degree days threshold when stems begin to fdl: Threshold degree C days (degree C days).

cover factor (mass to cover ratio): kg m
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Management Database
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WEPS DETAILS: TOOLBARS AND CONFIGURATIONS 4.1

Toolbars and Configurations

Menu Bar

Project Configuration Run  Todls  Help

Thisisthetop line of the WEPS main screen. A brief description of each item on the menu
bar is given below.

Project

The ‘Project’ menu brings up adrop down list of various operations pertaining to WEPS
projects. The Prgect menu contains the following options:

> ‘New’ - allows user to create a new project from scratch (Ctrl+N).

> ‘Open’ - opens an existing project (Ctrl+0O).

> ‘Save’ - savesthe currently displayed project to its current file name (Ctrl+S).
> ‘Save As' - saves currently displayed project.

> ‘Exit’ - exit the WEPS program.

Configuration

The *Configuration menu brings up various configuration options for WEPS. See the
discussion later inthis section for more details on setting WEPS configurations.

Run

Thisalowsthe user to run WEPS, view a project summary for the current project, or view
output for the current or other projects. The‘Run’ menu on the WEPS M ain Screen brings
up the following options:

> ‘Make aWEPS Run'’ - clicking on this menu item begins a simulation.
> ‘View Reports has the follow submenu:
. ‘View Current Project Summary’ - view the WEPS Project Summary screen
for the current project.
. ‘View Current Project Output’ - view the Output screen for the current
project.
. ‘View Other Project's Output’ - view the Output screen for apreviously run
project.
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Tools

This menu contain vari ous tools available for use with WEPS incl uding:

> ‘Send Email’ - send e-mal comments to WERU, providing the computer is
connected to thelnternet. Thistool also allows the user to send the current project
as an attachment. To send the project, click the check box at the bottom of the e-
mail window.

Help
This menu contains help options for WEPS including:

> ‘Help Topics' - brings up awindow containing the WEPS online help system.
> ‘About WEPS 1.0’ - gves the current version of WEPS.

Button Bar

At thetop of the main WEPS window (below the menu bar) is aseries of buttonswithicons,
designed to help the user in the operation of WEPS.

Project Operations
|:| This button allows user to create a new project from scratch. This has the same
function as selecting ‘New’ under ‘ Project’ on the menu bar.

|:| This button opens an existing project. This has the same function as selecting
‘Open’ under ‘Project’ on the menu bar.

|:| This button saves the currently displayed projed to its current file name. This has
the same function as selecting ‘ Save’ under ‘Project’ on the menu bar.

Field Viewing
Thisbutton allowsthe user to*Zoom Out’ or shrink the view of thefield on themain
screen. Note that this does not shrink the field dimensions, just the view.

This button allowsthe user to‘ Zoom In’ or enlarge the view of the field on the main
screen. Note that this does not enlarge the field dimensions, just the view.

This‘Zoomto Fit’ button allows the user to size the view of the field tofit the main
screen. Note that this does not resize the field dimensions, just the view.
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This*Move' button allowsthe user tomovethefieldintheview area. Thefield can
be repositioned on the center panel by clicking on the*Move' button, then click and
hold the mouse button over the field shape to move the field to the desired position.
The move button can be used in a similar manner to move a barrier to another
boundary of the field.

Select

This*Select’ button allows the user to turn off afield manipulation operation such
as resizing [E%], moving [§, or rotating [(] the view of afield (see a description of
these operations elsewhere in this section).

This‘Delete’ button deletes “selected barriers’ from the field.

Field Manipulation

This ‘Resize’ button allows the user to change the actual field length and width.
When the button is clicked, ‘handles’ appear on the field borders which can be
‘dragged’ to resize the field dimensions. Note that as the field is resized, the X-
Length and Y -Length are changed.

This‘Rotate’ button allowsthe user to rotate thefield to adjust the angleof thefield.
By placing the mouse cursor within the circle in the simulation region, drag the
mouse to rotate the field to the desired orientation. Notethat the field will only
rotatein arange of +45 degrees. By using rotate and adjusting the field length and
width, the user should be able to obtain the desired field size and orientation.

Run and View
|:| This*Run’ button begins a simulation run.

[ ] This‘View button alows the user to view the output window.
Help

This*e-mail’ button allows the user to e-mail comments to WERU along with the
contents of the current Project, if desired. Clicking the

;‘e-mail’ button brings up aseparate window (see below).
@‘CD:::“;Tslzr::;tn.m.a“z:::i;‘::i:@‘w’:ﬂ:‘;f'zzz“' The user should enter an e-mail address and a short
R ot i message.  Click the check box at the bottom of the
example- et i e @romail o window to attach the current project files to your e-mail.
=| If you areconnected to the Internet, clicking ‘ OK’ will e-
mail the messageto WERU, along withany attached files
.| sothat your enquiry can be answered.
[¥ Send copy of current project as an atachment
Ok Cancel
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This *Question’ button alows the user to view the current verson and release
number of WEPS.

This‘Context Help’ button provides help for a particular item on the WEPS screen.
Clicking the ‘ Context Help’ button on the tool bar and then clicking on the item on
the screen for which help is desired brings up a help screen for that item.

Configuration
The ‘' Configuration” menu brings up various configuration options for WEPS.
> “User Settings which brings up a screen that all ows the user to set the following:

Display unitsin either metric or English.

Maximum distance for climate station choice lists (kilometers or miles).
Typically use the closest, but the user may want to select a station more
typical of the climate for the field being simulated. An example of not
selecting the closest station might occur in mountainous areas where the
adjacent station does not typify the climate for the ssmulated field.

Hide "graphical scale", "lat/lon" fields, and length of WEPS run.

> ‘System Settings which brings up a screen that sets the fol lowing:

Windgen/Cligen program settings.

> ‘“WEPS Developer Settings which brings up a submenu that has the following:

Alternative wegher files - enter location for alternative weather files.
Submodel output options - select types of additional output from WEPS
submodels.

# years for ssimulation runs - sdect total number of simulation years or the
number of management rotation cycles for the simulation run.

> ‘Email Settings which brings up email configuration settings screen.
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Describing the Field and Barriers

Customer, field description, and barrier information for a
Client Mame [vind E. Rosion simulation run can be entered by using the left panel of the
Fieidio  [Farm 110 WEPSL1.0 main screen (Fig. 4.2, 1).

Edit Motes i

The'Client Name’ and ‘Field ID’ for the simulation run can
# of man. rotation cycles | g be entered by typing the information in the windows at the
top of the panel. The user may also type in additional notes

SWHINEH I OGO IO for the run by clicking the *Edit Notes' button. A window
A-tenoth |4921.20 it . . .
will appear in which the notes can be typed. These notes
= 4921.20 | will be displayed on the Output Summary
Avrea |555.98 ac
owient.  [as g To describe the simulaion region, the field dimensionsare

entered as an X-Length and a Y -Length. Note that the area
- - of the region will be displayed but can not be edited. To
Canrent Wind Barrierinfo | qrjent the field direction, simply typein the anglein degrees

Add Barrier | Mest Barrier]|

Wictth £.56 ft of deviation from north of the field. Notethat the fieldwill
Area [074 ac | only rotate in a range of +45 degrees. By rotating and

Tijpe adjusting the field length and width, the user should be able
to obtain the desired field size and orientation.

)

Povosihy I o W

: If the user desires to add barriers to the field borders, click
Hejght 492 ft

the ‘Add Barrier’ button. By draggng the mouse cursor, in
the center panel of the WEPS screen (Fig. 4.2), positionthe
Figure 4.1. Left panel of the barrier on the desired border. Then click the mouseto*”fix”
main WEPS screen. thebarrier on the appropriaefieldborder. Notethat barriers

are only alowed on the field borders in WEPS 1.0. The
barrier type can then be selected from the drop down list in the left panel. To change a
barrier type at alater time, click the down arrow |Z| to the right of the barrier type to bring
up thelist of available barriers and click on the appropriate barrier. Enter the barrier width,
porosity, and height in the appropriate space. Note that the areaof the barrier is displayed
but cannot be edited. To remove a barrier from the fidd, click on the barrier to select it
(noticeit will be‘highlighted” when selected) then click the delete button on thetool bar
at the top of the screen. One may also cycle through the barriers to select abarrier already
positioned on the field by clicking the *Next Barrier’ button.

Analternative method of describing fidd dimensionsisto mani pul ate thefieldusing thetool
bar and mouse. The‘Resize' button [EF| allowsthe user to changethefield lengthand width
aswell asthe barrier width. When the Resize button is clicked, then the field in the center
panel of the WEPS screen (Fig. 4.2), “handles’ appear on the field borders which can be
“dragged” to resize the field dimensions. Notethat asthefieldisresized, the X-Length and
Y-Lengthand field areachange. Similarly when theResize button isclicked, then abarrier
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in the center panel of the WEPS screen, “handles’ appear on the barrier which can be
“dragged” toresizethefield dimensions. Notethat asthe barrier widthisresized, the barrier
width and area change in the left panel.

The*Rotate’ button [(f allows the user torotate the field to adjust the angle of thefield. By
clicking the Rotate button, then placing the mouse cursor within the circlein the smulation
region, drag the mouse to rotate the field to the desired orientation. Notethat the field will
only rotate in arange of +45 degrees. By using rotate and adjusting the field length and
width, the user should be able to obtain the desired field size and orientation.

Once the field has been resized and oriented using the tool bar and mouse, the ‘Select’
button | k| allows the user to turn off field manipulation operations such as resizing . or
rotating || the view of afield.

The resulting field shape (brown) and
orientation with barriers (green), if present,
can be viewed in the center panel of the
main WEPS screen (Fig. 4.2). Note that
the barrier width is not drawn to scale
relativeto thefield dimensions. If thefidd
dimensions are too large or small to be
viewed in the center panel, use the ‘*Zoom
out’ [@], ‘Zoom In’ [&], or ‘Zoom to Fit
buttons on the toolbar at the top of the
screen to resize the view.

—==
-

Thefield can be repositioned on the center
panel by clicking onthe‘move’ button [E%

then click and hold the mouse button over
the field shape to move the field to the

W= . 2
. desired position. The move button can be

5 . , used in asimilar manner to move a barrier
Figure 4.2. View of the field shape and to another boundary of the field.
barrier asinput by the user.

Creating specia shapes or configurations
such as circles and strip cropping are discussed under “Using WEPS for Conservation
Planning”.
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Choosing a Location

Choosing alocation within WEPS defines the physical location of the fieldto be simulated.
In reality, this location information is used to select the weather stations (CLIGEN and
WINDGEN) to be used for the simulation.

: L ocation informati on is entered through the rightmost

Loesflon fio panel labeled ‘Location Info’ on the main interface

Use Map l screen (Fig. 4.3). A simple method of choosing a

location is to select the state and county of interest

State KS +|| fromthedropdownlist by clickingthedown arrow[+]

— | totheright of the state and county. The CLIGEN and

County  |FINNEY Il WINDGEN sations nearest to the center of the

: i“““‘m,:,_ﬁa oy selected county will then determined by the interface

et i and listed. The longitude and latitude of the location

i atitucie ISE.DE = ﬂ! can also be entered, which will bring up the nearest

CiIGEN Stabi T CLIGEN and WINDGEN stations. Once the stations

Stioh (el . :

aredisplayed, the user can click on the down arrow E|

|CIWHHUN ET j next to the stationsto bring up alist of nearby stations

WANDGEN Station fmile): from which to choose an altemative station if desired.

Right clicking on the listed CLIGEN or WINDGEN

IDI:IDGE_I:IT‘{ #.1 =l station name in will bring up information about the

. , , , weather station. This information may be useful in

Figure 4.3. “Location Info determining which station best fits the location and
panel. conditions desired.

An alternative method to choosing

| a location is by using the map.

% Longitude: ?fl 35685 UMLamude: 24258278 ° NZ Clle| ng on the ‘Use Map, button

Eemie H 5 brings up ‘Map Viewer’ withamap
- , of the United States (Fig. 4.4). The
o map can be ‘zoomed’ inor out by
L : selecting a % magnification from
o . i the dropdown list [+] at the top the
A > map viewer screen. Alternatively,
;e the user may increase or decrease
- [ | magnification by clickingthe zoom

a £ -+ in[@] or zoom out [§] buttons and

| | then clicking a location within the
Figure 4.4. Map Viewer window. map window. When zoomed to

greater than 100%, one can ‘drag’
the view of the map by clicking on the ‘move’ icon then holding down the left mouse
button and drag the map view to the desired location. Clicking the check boxes in the left
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side of the Map Viewer window will display county lines (must be zoomed at 400% or
greater), thelocation of CLIGEN stations, WINDGEN stations, and major citieson the map.
Double clicking a location on the map will select the nearest CLIGEN and WINDGEN

station and close the map viewer. The map viewer is a convenient way to view all of the
climate stations within a state or region.
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Choosing a Soil

4.9

A soil for asimulationrun is selected uang the * Soil:’ box onthe right side of the bottom

panel of the WEPSL1.0 main screen (Fig. 4.5).

Management: || KE_wheat Tallow H Soit: DQ] Dalhar_Df_100_LFS

Figure 4.5. Bottom panel of the WEPS main screen with the soil box on the right.

The soil for asimulation run can be selected from a pre-generated list by clicking the down
arrow |Z| on the right side of the soil box which is located in the bottom panel of the main
screen (Fig. 4.5) and then select the state, county, and soil desired. The soilsfile are named
according to the soil name, map unit symbol, component percent, and surface soil texture
class (each separated by a hyphen). To view the soil data, double click on the folder icon
|§|, on the left side of the soil box. Thiswill bring up the WEPS Soil User Interface screen
(Fig. 4.6), which alowsthe user to view, edit, and savethe soil information under anew file
name. See the ‘Soil Interface’ help on the menu bar at the top of the WEPS Soil User

Interface screen for moredetails.

File Edt View Help

Z[alf [ m[e]s|m

Soil Identification

State Caounty Foil Survey Area Mame | Soil Survery ID | Map Unit Symbal | Component Mame | Component Percent | Soil Order | #of Layers
(5] Seward Seward County, Kansas |KB8174a e Calby 100 ) entisols 3 )
[l [v]
Sail Surface Properies
Soil Crust Loose Material on Crust Roughness Ridoge
Thickness Density Stability Fraction Mass Cover Fraction Random Qrientation Height Spacing
mm Maim*3 IniJikg) mh2im*2 kgl/m*2 mi2im*2 mm degrees mm mm

0.010 1.725 3.077 0.000 0.000 0.000 4.000 0.000 0.000 0.000

|4 [ ] [v]

Soil Laver Properties

Sand Fractions

Thickness Sand Silt Clay Raock Coarse Medium Fine Wery Fine
Fragments Diry
mm - kofkg --- mA3im*3 - kofkg -
1 0.250 0.540 0.210 0.000 0.025 0.015 0.045 0.140 1.380
2 180 0.250 0.540 'U 210 1 0.000 0.025 0.015 ’U 045 1 0.140 1.380
3 1170 0170 0.605 0225 .EIEIIJ[I 0.003 0.002 \EI 030 .EI13EI 1.380
| ['»]

[E§WEPS SOIL WEPS Soil Layers M:\nasdb\Kansas\SewardKS.nas [ O] x] I

Figure 4.6. WEPS Soil User Interface screen.
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Choosing and Editing a Management Rotation

Management rotation scenarios for asimulation run can be selected or arotation editor can
be opened by using the ‘Management:” box on the right side of the bottom panel of the
WEPSL1.0 main screen (Fig 4.7).

e IE] KE_wheat_Tallow B Soil - ‘E] Dalhar_D7_100_LFS
Figure 4.7. Bottom panel of the WEPS main screen with the management box on the
left.

A management rotation for a simulation run can be selected from a pre-generated list by
clicking the down arrow E| on the right side of the management box whichislocated inthe

Eg_;ghlanagemenl Crop Rotation Editor for WEPS
File Edt Configure Sort Tools Help

IEE @ Rotation: I KS_wheat_fallow Yrg. of Rotation: I 2 |
ear: FEB MAR APR MY JUIR JUL AUG
] B I | ] e e "|?| T it gl ] |?| [ I
e | Zoom In l Zoom DutI W > | ==
Date Operation Crap Tillage
mmfddhyy Direction
(degrees)
0a/01/01 "._‘||1f\fide—sweep plow (B0 blade spacing) 3 00
070101 Dl‘w\fide—sweep plow (B0 blade spacing) 3 00
0901401 DI andem Disk harrow - inline (18" dia hlades, 9" spacing) 23 0.0
0950201 ngriIl - douhle disk openers (8" row spacing) Dlwheat, winter 0.0
070102 |Za|Harvest Small Grain (zutter bar) |

Figure 4.8. MCREW window.

bottom panel of the main screen (Fig. 4.7) and then select the management rotation desired.
To open the Management Crop Rotation Editor for WEPS (MCREW), double click on the
folder icon |§| on the left side of the management box. Thiswill bring up the MCREW
window (Fig. 4.8), which alows the user to view, edit, and save management rotation
information under a new file name.
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Using MCREW

MCREW is designed to allow easy creation and editing of management rotation files for
WEPS. The MCREW screen consists of 5 major components:

1. Menu Toolbar

File Edit Configure Sort Tools Help

The menu toolbar consists of assorted menu options which provide access to MCREW’ s
functions.

2. Button Toolbar

The Button toolbar conssts primarily of buttons that provide quick access to some of
MCREW'’ s most common functions.

3. FileInfo

Fotation: I S _wheat_fallow Yrs. of Rotation: I 2

On the left of the icon buttons on the icon toolbar, information regarding the current
management rotation file is displayed.

4. Timeline View

ear JUL ALIG SEF
| | | ? | | | | | | | ?I | |
e | Zoom In | Zoom out | [o51001

TheTimelineView displaysthe sequence of operations (represented asicons) along a date
timeline. Timeline View controls are available to manipul ate the operation icons to adjust
the dates they are associated with. All planned features for the Timeline View are not
implemented yet.
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5. Table View

Date Operation Crop Tillage
mirfdd iy Direction
(degrees)
0510501 Q_lF'Iamer- double disk opener Q_lsnrghum, grain, 130 days 0.0
10 5/01  |CafHarvest Small Grain (cutter b 23]
0ai15/02 Dpvide-sweep plow (0" hladeg_l n.ao
0RIZ5/02 Dpvide-sweep plow (50" bladeg_l 0.0
neizo/mz [jri\fide—sweep plow (B0" hladegl nan
091 0/02 Q_lDriII - double disk openers (g Dlvvheat, wintar, hard 0.0
071003 |CafHarvest Small Grain (cutter b 23]

The Table View displays the sequence of operations with their associated dates and any
crops planted in a tabular format. Spreadsheet style editing functions are availabe to
manipul ate the order, selection, and removal of operations and/or crops, etc.

Opening and Saving MCREW files
In WEPS 1.0, there are two primary locations that management rotation files exist:

1 Inthe “*Management Templ ates’ directory.
This is the location that complete or partia (single or multi-crop year)
management rotation files are kept. Filesin this directory always show up
on the management rotation selection choice lists. Typically, management
rotation files to be used in WEPS projects are sel ected from previously built
management rotation files or are constructed from several partia
management rotation fileslocated i n thisdirectory.

2. Within a“WEPS project” directory.

The management rotation file used in aWEPS run is always located in that
WEPS project’ sdirectory. There can bemore than one management rotation
filein a WEPS project. The current management rotation file to be used
when making a WEPS run is the one specified in the “weps.run” file (e.g.,
the one listed in the “management” input field on the WEPS main screen.
Usually, management rotation filesin a WEPS project are simply copies of
those selected from the “Template” directory, but they may have local
“project specific’” modifications
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Management. | (1] KE_wheat_fallow F The user may sdect amanagement
ST =1 rotation file from the Management
Crea‘te a new management= — ChOlce ||St On the WEPS maln
EH_J Management files in this project screen (Flg. 4.9):
é----CO_wheat_sorghum_fallnw
L@ To el If the user makes a selection from
~CO_grain_sorghum the “Templates’ node, a copy of
~CO_wheat_fallow the management rotation file will
el be put into the current project with
K _wheat_com_fallow the same name and become the
~KS_wheat_fallow current rotation for the project. If
e the user selects a previous
- [ management rotation already

Figure 4.9. Management ratation file choicelist. existing in the project

(“Managementfilesinthisproject”
node), that file will become the current rotation for the project. If the user seleds“<Create
anew management>" from the list, then an empty rotation will exist for the project.

Selecting the “folder” icon opens MCREW to allow any project specific modifications to
be made to the current management rotation file.

Oncethe user isin MCREW, rotation files can be saved in the desired location and/or other
rotation files opened for editing. The “File’ menu contains al of these options, with the
common functions (“New”, “Open”, and “Save”) also being available on the icon button
toolbar:

=™ Edit cConfigure Sort Too| © 0 NEW o
Opens an empty unnamed rotation file
Mesy CEel+n
Cpen Ctri+2 ) Open
Open a Template Ctrl+T Brings up an “Open File’ dialog box
Tave CHr+s from which the user can select the

desired rotation file from those in the
current projed.

Template

Exit ° Open a Template

Brings up an “Open File’ dialog box
from which the user can select the
desired rotation file from the
“Management Templates’ directory. A
copy of the selected file is then added to
the current WEPS project and made
available for editing in MCREW.
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o Save
Saves the current project’ s rotation file being edited.

° Save As
Brings up a “Save File’ dialog box from which the user can specify the
desired filenameto save the rotation file for the current project.

° Save As Template
Brings up a “Save File€’ dialog box from which the user can specify the
desired filename to savethe rotation file into the “Management Templates”
directory.

° Exit
ExitsMCREW. If MCREW thinks that the rotation file has been modified
and not saved, it will diglay a popup message and ak the user if they want
to save it before leaving.

NOTE: Currently when one “Saves’ a management rotation file for the curent WEPS
project, that fileis not physically saved into the current projedt’ s directory until the project
itself is saved via the WEPS main screen menu “Save” option or automatically prior to
initiating aWEPS run. Thus, aremote possibility existsfor a“saved” WEPS management
rotation file to disappear if the computer crashes prior to “saving” the current project. This
will be corrected in afuture release.

Editing Within MCREW

A WEPS 1.0rotation fileissimply adate-ordered list of management operations. MCREW
provides basic editing functionality to insert, delete, modify, and change dates for those
operations. In WEPS, each operation is defined by a list of physical processes, such as
residueburial, soil inversion, flattening standing residue, creation of ridges, planting acrop,
etc., which aredescribed to the model via one or more parameter vaues.

In it's most basic form then, one can “see” a WEPS management rotation file within
MCREW viathetwo “views’ available: 1) Timeline View and 2) the Table View. Both
views show each operation and their associated date. |f one selects one or more operations
in either view, the other view reflects the same set of selections. For example, Fig. 4.10
shows one operation and Fig. 4.11 shows three operations selected in both the timeline (red
boxes around icons) and thetableview (reverse highlighted rows). Any fundion performed
on the operation or group of operationsin one view are aways reflected in the other view.
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ear ear 2
I? I I? I I | I I I I I I? | I
% I < I k Zoom In I Zoom DutI IIII?.l'CI*I.l'EH Cal
Date Cperation
mmiddiyy

04101 m, inline (18" dia blades, 8" spacing)
0902 QlDriII - douhle disk openers (8" row spacing
avrotioz QlHawest Small Grain (cutter bar)

Figure 4.10. Single operation selected viamouse in timeline view with
selection automatically displayed simultaneously in table view.

ear: Year 2

| | [ | | | | [ [
7 7] | 7/
L Faom In I Foom DutI |I:|T-’.-'III1.-'EI1 el | e I

Date Cperation
rarmid oy

050101 [hvide-sweep plow (60" blade spacing)
070101 E WWide-sweep plow (B0 blade spacing)

09/01/01 | a|Disk harrow, tandem, inline (18" d

&= i - o

Figure 4.11. Multiple operations selected via mouse in table view with
selection automatically displayed simultaneously in timeline view.

The reason there are two views of the management rotéion file is that some editing
functions are easier to perform in one view than the other. Before one can peform the
editing functions, one must be ableto first “select” one or more operations (or date in table
view) to apply the desired action on them.
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“Selecting” and “Editing” via the Timeline View

To select asingleoperation viathe timeline view, one simply presses the left mouse button
after placing the cursor over the icon representing the desired operation. A red box will
surround theicon whenitis” selected”. The date associated with the selected operation will
be displayed inthe timeline date field (located just to the left of the “Zoom Out” button).
The user can then adjust the date of that operation by pressing and holding the left mouse
button down and dragging the icon left or right dong the timeline. The timeline datefield
will automatically display the corresponding date for that operation. When the desired
operation date is found, rel ease the mouse button.

More than one operation can be selected viathe timeline view by depresiang the “ Control”
key simultaneously with the left mouse button when the cursor is placed upon each icon
representing the desired operations. Once all the icons have been selected, depress the
mouse button over the icon whose operationdate you want to view inthetimelinedatefield.
All operations will be moved in unison left or right on the timeline until the mouse button
Isreleased. Thisisaconvenient way to adjust aplanting (or harvesting) datethat has several
operations performed relative to that date without having to change each of them
individually.

“Selecting”and “Editing” via the Table View

To select asingle operation viathetableview, one ssimply pressestheleft mouse button after
placing the cursor anywhere withinthe row representing the desired operation. Therow will
be highlighted by reversing the background and foreground colors. Additional rows can be
selected by two means 1) depressing the “ Control” key simultaneously with the left mouse
button when the cursor is placed in each of the desired rows or 2) pressing and holding the
left mouse button down and dragging the cursor across al the desired rows.

All the selectionsmade are also reflected in the timeline view and thus can be “ edited” via
thetimelinefunctiondity just mentioned. Also, theoperation selectionsmadeinthetimeline
view can also be “edited” viathe table view which will now be discussed. The table view
currently has much more editing functionality implemented than the timeline view.
Eventudly, we plan to have al the table view editing functions made available in the
timeline view as well (try aright mouse click within the timeline view).
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Date Cperation
s iy

0a01701 Dri\fide—sweep plowy (60" blade spacinag

0701501 Dri\.fide-sweep plow (60" blade spacing)

0951701 QIDisk harrow, tandem, inline (18" dia blades, 8" spacing)

09702101 [Z3|orill - double disk openers (8" row spacing)

Paste Ahove
Paste Below

Inzert Ahave

Insert Below

Insert AbovelTemplate)
Inzert Belowe(Template)
Inzert Lhove(File)
Insert Belowe(File)
Delete

Sort
Increment One Year
Decrement One Year

Figure 4.12. Table view drop down editing menu.

The primary editing functions available in the table view are accessible via a right mouse
button drop down menu (Fig. 4.12)

The table view editing functions are:

Cut
Remove the currently selected operations from the rotation and store them
in atemporary buffer for possible pasting back into the rotation later.

Copy
Copy the selected operations from the rotation and store in a temporary
buffer for possible future pasting back into the rotation.

Paste Above
Pastethe previously cut or copied operations abovethe sel ected operation (or
top one if more than one is selected).

Paste Below

Pastethe previously cut or copied operations bel ow the sel ected operation (or
bottom one if more than one is selected).
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The*Cut” and “Copy” buttons on the toolbar can also be used for those operations.
The “Paste” button is currently not functioning. (This will be remedied in the
future). Ditto for these menu options under the “Edit” menu on the menu toolbar.

° Insert Above
Insert a blank row above the seleded row (or top oneif more than one is
selected).

° Insert Below
Insert ablank row above the selected row (or bottom one if more than oneis
selected).

° Insert Above (Template)
Selecting this option causes adialog box to popup and present the user with
alist of management operation files (complete or partial rotations), from the
“Management Template” directory, for insertion abovethe sel ected operation
(or top one if more than one is selected).

° Insert Below (Template)
Selecting this option causes a did og box to popup and present the user with
alist of management operation files (complete or partial rotations), from the
“Management Template” directory, for insertion bel ow the sel ected operation
(or bottom one if more than one is selected).

° Insert Above (File)
Selecting this option causes a dialog box to popup and present the user with
alist of management operation files (complete or partial rotations), from the
“Current WEPSProject” directory, for insertion abovethe sel ected operation
(or top one if more than one is selected).

° Insert Below (File)
Selecting this option causes a dialog box to popup and present the user with
alist of management operation files (complete or partial rotations), from the
“Current WEPS Project” directory, for insertion below the sel ected operation
(or bottom one if more than one is selected).

° Delete
Permanently removes the selected operations from the rotation.

° Sort
Sortsthelist of operations based upon the dates associated withthem in the
table view. This function can adso be performed by selecting the
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appropriately labeled button on thetoolbar. MCREW will not allow the user
to exit without the rotaion file having been sorted by date first.

° Increment One Y ear
Bumps the “rotation” year of the selecded management operations’ dates up
one year. This is convenient to adjust partia rotation (single crop year)
templatefiles they are being inserted to build a new complete management
rotation file.

o Decrement One Y ear

Bumps the “rotation” year of the selected management operations dates
down one year.
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WEPS Output
Output Summary Screen

The Output Summary screen (Fig. 4.13) for a simulaion run will automatically display at
the conclusion of as mulationrun. If the Output Summary screen has been closed, theuser
can display the Output Summary screen for the current project or previously run projects by
clicking the ‘ View’ button[ ] on the WEPS main screen tool bar.

:g Output Summary !El

Wind Erosion Summary | output Details | Wind Erosion Soil Loss | Weather | Average Sufface Condition on Date | Project Surnmary

Client: Wind E. Rosion KS wheat fallow 10 Year Simulation

Cligen Sta..  (GOODWELL Wind Erasion Sail Loss

wiiindgen Sta.. DALHART Field Loss hass Passine

Soil: Dalhart_Df_100_LFS fverage | Standard | Average | Awerage | Average : Creep+Saltation : Susp

Total Deviation Creep+3alt, Susp. PM10 1 L | _T o 1 B

Date 2gerztion tonsfacr; tonsf1 0001 tons,

il 106 | 0398 1.86 873 | 0483 229 114 124.9 508 | 1394 183

Rot. Year 1

g, Annual

Rt ear 2 1] 1] 1] 1] 1] 0 o 1] 1] 1] 0

fiatade 53 0282 0.93 436 0.081 1.4 5.6 624 254 6.7 242

Annual

1 | 4

Printthis Report | Help on rowitol | General Help |

Figure 4.13. The WEPS Output Summary screen.

WEPS Output Tabs

Output screensfor WEPSL1.0 are arranged in a spreadsheet fashion. Several types of output
are available and can be viewed by clicking on the appropriate tab at thetop of the ‘ Output
Summary’ window. The various tabs are described below. Each tab screen can be printed
by clicking the ‘Print this Report’ button |Frintthis Repart| at the bottom of each screen. A
description of what information is contained in each column and row is obtained by clicking
the ‘Help on row/col’ button at the bottom of each tab screen.

‘Wind Erosion Summary’ Tab

The Wind Erosion Summary screen displays a simple summary of wind erosion soil lossin
termsof average annual |ossesfor each rotation year aswell aswind erosion soil lossfor the
entiresimulation runin unitsof Tons/Acre/Y ear. These arethe same unitsthat wasreported
for soil loss with the Wind Erosion Equation.

‘Output Details' Tab

The Output Details tab (Fig. 4.14) displays a detailed output report with all of the major
reporting information available with the current version of WEPS. A description of the
information contained in each column and row is given below.
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Figure 4.14. The Output Detail tab of the Output Summary screen.

The columns of the Output Details Tab have the following information.

Date - Thiscolumn contains the date (day/month/rotation year) of the last day for which
therow information isreported. Itemsin eachrow represent values from the end of
the previous period to the current date.

Operation - This column contains the management operation which occurred on the
specified date.

Field Loss

Average Total - This column contains the total soil loss for the period (see ‘Date’
column description above), averaged across the field as well as
averaged over the number of simulation years in each rotation year
(kg/n? or tons/acre).

Standard Deviation - This column contains the standard deviation of the values in the
average total column (kg/m? or tons/acre). {to be removed in future}

Average Cregp+Salt. - This column contains the total creep plus saltation loss for the
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period, averaged acrossthefield grid areas, as well asaveraged over
the number of simulation years in each yea of the crop rotation
(kg/n?? or tons/acre).

Average Susp. - This column contains the total suspension loss for the period,
averaged across the field grid areas as well as averaged over the
number of simulation yearsin each rotation year (kg/nv or tons/acre).

Average PM 10 - This column contains the PM 10 soil loss for the period, averaged
across the field grid areas as well as averaged over the number of
simulation years in each rotaion year (kg/n or tons/acre).

Mass passing Field Boundary

Creep+Saltation - These col umns|:| contain the mass per unit boundary length of
creep plus saltation size material which passed thefield boundary for
each direction (kg/m or tons/1000 ft).

Suspension - These columns|:| contain the mass per unit boundary length of
suspension size material which passed the field boundary for each
direction (kg/m or tons/1000 ft).

PM10 - These columns|:| contain the mass per unit boundary length of
PM10 size material which passed the field boundary for each
direction (kg/m or tons/1000 ft).

Weather

Average Total Precip. - This column contains the total precipitation for the period
averaged over the simulation years in each year of the crop
rotation (mm or inches).

Average Wind Energy >8 m/s - Thiscolumn containsthe average daily wind energy

for the period for winds greater than 8 m/s, averaged
over the ssimulation years in each year of the crop
rotation (KJday).

Average Surface Conditions on Date

Crop Vegetation (Live)

Canopy Cover - This column contains the fraction of live aop biomasscover
(vertical view) at the period end, averaged over the simulation years
for the period listed (fraction).

Standing Silhouette - This column contains the standing silhouette area index of live
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plants expressed on a freaction basis. These values are the standing
silhouette areaper areaof soil surface. Thesearevaluesat the period
end averaged over the simulation years in each rotation year
(fraction).

Above Ground Mass - This column contains the total live crop biomass, above ground, at
the period end, averaged over the dmulation years for the period
listed (kg/n? or Ibs/acre).

Crop Residue (Dead)

Flat Cover - This column contains the amount of flat dead cover on the soil
surface, expressed as a fraction. These are values at the period end
averaged over the simulation years in each rotation year (fraction).

Standing Silhouette - This column contains the standing silhouette area index of dead
plants expressed on afraction basis. Thesevalues are the standing
silhouetteareaper areaof soil surface. These arevaluesat the period
end averaged over the simulation years in each rotaion year
(fraction).

Flat Mass - This column contains the amount of flat dead biomass on the soil
surface. These are values at the period end averaged over the
simulation years in each rotaion year (kg/m? or |bs/acre).

Standing Mass - This column contains the amount of standing dead biomass on the
soil surface. These are values at the period end averaged over the
simulation years in each rotaion year (kg/nv or lbs/acre).

Live and Dead Biomass

Flat Cover - This column contains the amount of flat cover from live (canopy
cover) and dead (flat cover) biomasson the soil surface expresseson
afraction basis. Theseare valuesat the period end averaged over the
simulation years in each rotation year (fraction).

Standing Silhouette - This column contains the standing silhouette areaindex of live and
dead plants expressed on a fraction basis. These values are the
standing silhouette areaper area of soil surface. These are values at
the period end averaged over the simulation years in each rotation
year (fraction).

Flat Mass - This column contains the amount of fla live (air dried) and dead
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biomass on the soil surface. These are values at the period end
averaged over the simulation years in each rotation year (kg/n? or
Ibsg/acre).

Standing Mass - Thiscolumncontainsthe amount of standing liveand dead biomass.
Theseare values at the period end averaged over the simulation years
in each rotation year (kg/n? or Ibs/acre).

Roughness

Oriented

Ridge Orientation - This column contains orientation of the ridges with zero degrees
(0°) representing north/south ridges.

Ridge Height - This column contains the height of ridges. Thisisthe value at the
period end averaged over the Smulation years in each rotation year
(mm or inches).

Ridge Spacing - Thiscolumn contans the spacing between ridges Thisisthe value
at the period end averaged over the simulation yearsin each rotation
year (mm or inches).

Random

Roughness - This column contains the standard deviation of the soil surface

random roughness. Thisisthe value at the period end averaged over
the simulation years in each rotation year (mm or inches).

Therows in the Output Details Tab vary depending on the number of croppingyearsin the
rotation and the number of management operations in each year of the rotation.

Each year of the rotation has output displayed for the fifteenth and the last day of each
month as well as for each management operation date. Thisoutput allows the user to view
the erosion and other output for each year of the rotation. At the end of each year in the
rotation is arow which contains the average annual value for that rotation year.

The last row in the output form contains the average annual values for the complete crop
rotation.

‘Wind Erosion Soil Loss Tab

The Wind Erosion Soil Loss screen provides a summary of all the wind ercsion soil 1oss
output for the simulation run. Note that this tab screen is actually a subset of the ‘ Output
Details' tab screen.

‘Weather’ Tab
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The Weather screen provides a summary of some of the weather information for the
simulation run. Note that this tab screen is actually a subse of the ‘Output Details’ tab
screen.

‘ Average Surface Conditions on Date’ Tab

The Average Surface Conditions on Date screen provides a summary of average surface
conditionsincluding crop biomass and soil roughnessfor thesimulation run. Notethat this
tab screen is actually a subset of the ‘ Output Details' tab screen.

‘Project Summary’ Tab

The Project Summary screen providesasummary of the project information for asimulation
run. Thereisalso asection for user comments. This tab screen may beuseful as a cover
sheet for awind erosion simulation report.
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WEPS INTERPRETING OUTPUTS 5.1

Interpreting Outputs

Interpreting outputs of WEPS is an important part of controlling wind erosion through
conservation planning. By observing how the soil loss is affedted by weather and field
conditions, the management operations can be adjusted to reduce soil loss. In developing
new conservation plans, the user should build or modify severa different scenarios and
compare outputs to determine the best management to control wind erosion. Because of
runtime issues, it is recommended that, for early comparisons, no more than five rotations
cyclesbe used for asimulation. Thiswill alow relative soil loss values for comparisons.
Once one or two scenarios are selected, 20-30 rotation cycles are recommended for more
accurate erosion loss estimates. The number of erosion cycles can be set by selecting
“Configuration” then “WEPS Developers Options’ menus on the main screen.

Date

This column contains the date of the last day for which the row information is reported
(day/month/rotation year). Itemsin eachrow represent values from the end of the previous
period to the current date. The date column, along with soil loss, will indicate which periods
have the greatest wind erosion and are thus in need of changes of management to control
wind erosion.

Therows in the Output Details Tab vary depending on the number of cropping yearsin the
rotation and the number of management operations in each year of the rotation. Each year
of the rotation has output displayed for the fifteenth and the last day of each month as well
asfor each management operation date. Thisoutput allowsthe user to view the erosion and
other output for each year of the rotation. At the end of each year in the rotation is arow
which contains the average annual value for that rotation year. The last row in the output
form contains the average annual values for the complete crop rotation.

Operation

This column contains the management operation which occurred on the specified date. It
isthe management operation or the date of operation which most userswill modify to affect
field conditions and thus wind erosion.

Wind Erosion Soil Loss

The Wind Erosion Soil Loss columns providea summary of all the wind erosion soil loss
for the simulation run. The numbers in these columns are those that the user will try to
affect by adjusting management dates and operations.

Field Loss

These columns contain the total loss of each size class for the period, averaged across the
field grid areas, aswell as averaged over thenumber of simulation yearsin each year of the
crop rotation (kg/m? or tons/acre). {add creep+salt/suspension ratio discussion here}
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Mass Passing Field Boundary

These col umns|:| contain the mass per unit length of various sized material which passed
the field boundary for each direction (kg/m or tons/1000 ft). Thisinformation is useful in
determining how much material isleaving thefield in each direction. For the creep/saltation
size, thematerial will most likely be deposited on thefield boundary suchasastream, fence,
ditch, or road. If deposited in a ditch, subsequent rainfall way wash the materid in to
waterways where it can affect water quality. If deposited on aroadway, the roadway will
likely need to be cleared. For suspension and PM 10 sizes, the material may travel great
distances affecting air quality. The material passing each boundary may indicate that
barriers may be needed onthe opposite or upwind side of the field to control wind erosion.
The direction of soil loss may also indicate a needed change in direction of tillage.

Weather
The Weather columns provide a summary of some of the weather information for the
simulation run.

Average Total Precip.

Thiscolumn containsthetotal precipitation for the period averaged overthesimulationyears
in each yea of the crop rotaion (mm or inches). This section isuseful in determining how
precipitation amounts may be af fecting biomass production and roughness decay.

Average Wind Energy > 8nm/s

This column contains the average daily wind energy for the period for winds greater than 8
m/s, averaged over the simulation yearsin each year of the crop rotation (KJday). Thiswill
indicate which periods have the most erosive winds.

Average Surface Conditions on Date
The Average Surface Conditions on Date columns provide a summary of average surface
conditions including crop biomass and soil roughness for the simulation run.

Crop Vegetation (Live)

These columns provide information on the structural configuration of live growinghbiomass.
By observing the canopy cover, the standing silhouette area index, and the above ground
mass, the user can determine which periods are not providing sufficient cover to control
wind erosion.

Crop Residue (Dead)

These columns provide information on the structural configuration of dead biomass or
residue. By observing the flat cover, the standing silhouette area index, the flat mass, and
the standing mass, the user can determine which periods are not providing sufficient residue
cover to control wind erosion.

Live and Dead Biomass
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These columns provide information on the structural configuration of both the live growing
biomass and the dead biomass or residue. By observing the flat cover, the standing
silhouette area index, the flat mass, and the standing mass, the user can determine which
periods are not providing sufficient cover to control wind erosion.

Roughness
For cropping systemsthat do not produce sufficient residuefor erosion control (e.g., cotton),

roughness management is often used to reduce wind friction veocity at the soil surface.
Thisreduces the amount of soil detachment and transport and increases deposition and thus
soil loss.

Oriented

These columns refer to regularly spaced roughness elements caused by tillage implements
such asridges, furrowsand dikes. Ridge orientation, width, and height may be adjusted for
periods of high soil loss to determine its effect on wind erosion. The user can also follow
the roughness decay over time as result of ranfall.

Random Roughness

This column contains the standard deviation of the soil surface random roughness. Thisis
the value at the period end, averaged over the simulation yearsin each rotation year (inches
or mm). Random roughnessis primarily the result of aggregate size distribution butis also
affected by varioustypesof tillagetools. Randomroughnessvaluesfor typical management
operations are listed in Table 5.1. Photographs (Fgs. 5.1 - 5.9) can be used as a gude to
determine relative random roughness val ues.
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Table 5.1. Random roughness valuesfor typical management operations based on a silt
loam soil (Ag. Handbook 537).

Random Roughness Random Roughness

Field Operation (inches) Field Operation (inches)
Fertilizer applicator,
Chisel, sweeps 12 anhydrous knife 0.6
Chisel, straight point 15 Harrow, spike 0.4
Chisel, twisted shovels 19 Harrow, tine 0.4
Cultivator, field 0.7 Lister 0.8
Cultivator, row 0.7 Manure injector 15
Cultivator, ridge till 0.7 Moldboard plow 1.9
Disk, 1-way 1.2 Mulch threader 0.4
Disk, heavy plowing 1.9 Planter, no-till 0.4
Disk, Tandem 0.8 Planter, row 0.4
Drill, double disk 0.4 Rodweeder 0.4
Drill, deep furrow 0.5 Rotary hoe 0.4
Drill, no-till 0.4 Vee ripper 1.2
Drill, no-till into sod 0.3

Figure 5.1. Random roughness of 0.25 inches (6 mm).
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Figure 5.2. Random roughness of 0.40 inches (10 mm).

Figure 5.3. Random roughness of 0.65 inches (17 mm).
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Figure 5.5. Random roughness of 0.85 inches (22 mm).
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A

Figure 5.7. Random roughness of 1.60 inches (41 mm).
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\ @ :

Figure 5.9. RanEio?n uroughn&ss of 2.15 inches (55 mm).
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Special Field Configurations

Although WEPS 1.0 is designed to simulate rectanguar field shapes specia field
configurations such as circles or strip cropping can be smulated. By manipulating thefield
shape to represent afield with the same area and rotating the field along with any barriers
many field shapes can be approximated.

A circular field can be simulated using a square
field of equal area. Figure5.10illustrates how this
would be visualized. Note that the yellow dashed
circleis shown here to illustrate thecircular field
and cannot be placed over the field within the
WEPS 1.0 interface. For such fields, barriers
should be added and the field rotated to best
simulate the actual field configuration.

—f=3

Other field shapes can also be smulated with
WEPS 1.0. A half circle can be represented with
a rectangle as illustrated in Figure 5.11. Figure
5.12 illustrates how an irregular fidd may be

- 3im. region

e visualized for afiled aong a stream with filter
strips along the North and East sides

Figure 5.10. Example of using a
square field shape to approximate a
circle.

— =
—t =z
=

| ERES region -S_Lm region
~ Wind barriers | Wind bearriers

Figure 5.11. Example of using a Figure 5.12. Example of using a
rectangular field to simulate a hdf square field to simulate afield with a
circle. stream with buffers along two sides.
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Fields managed for wind erosion control
by strip cropping (non-contour, linear)
are ssimulated with each strip of unique
management asan individual rectangul ar
field and the erosion losses for each strip
summed. For fields managedwith grass
strips, the fields are simulated as
individual strips with the appropriate
barriers on either side. The erosion loss
from one section of the field is then
multiplied by the number of strips to
obtain the soil loss for the entire field.
Figure 5.13 illustrates a field layout for
simulating strip cropping or grass
barriers.

|i5:i_m. region
Wind barriers
Figure 5.13. Examplefield layout for
simulating strip cropping or grass barriers.

WEPS 1.0 only allowstillage in onedirection (e.g., Northwest/Southeast). In other words,
multipletillage directions such aswhere the operator tillsparallel to each border of thefield,
cannot be simulated with WEPS 1.0. Observing the effectstillage direction may have for
the particular simulation may illustrate the need to alter tillage directions in the actual field
to control wind erosion.
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Using Barriers for Erosion Control in WEPS

Barriers have the effect of reducing field width by reducing wind velocity and abrasion of
the downwind immobile clods, crusts, and residues along the prevailing wind erosion
direction. Wind barriers of perennial or annual plants are often used for wind erosion
control.

Perennial barriers are put in place for erosion control every year. They provide protection
the entire year, even in the dry years that crop residues are absent, when soil aggregation is
limited (no clods), or when ridges created by tillage implements are fragile become
ineffectivein severe wind storms. Annual barriersare used primarily to provide temporary
protection during the most critical wind erosion period and can be removed and replaced
everyyear. Artificial barriers such as snow fencing, board walls, bamboo and willow fences,
earthen banks, hand-inserted straw rows and rock walls have been used for wind erosion
control, but only on avery limited basis. Thereisusually avery high cost in material and
labor to construct these barriers and their use is generally restricted to high-vdue crops.
They can also be used in sand dune areas to aid the initia stabilization of the areas while
grass and trees are being established.

Using WEPS, we can quickly determine thefield edge where the greatest amount of eroded
soil isleaving the field. In most cases, a field windbreak would be most effective on the
upwind side of this field. Ideally, a tract of land where windbreaks are installed will be
equally stripped, thus shorting the width of thefield along the most erosivewinds. So, along
with estimating erosion with awindbreak, we will also be resizing the field.

The field will be resized down to the strip width that a producer agrees with or to other
widths for demonstration purposes. We can changethefield size by just typing in thefield
dimensionsor by clicking on theresize button and then draggingthe * Handles' on the X and
Y dimensions of the field. See the section “Describing the Field and Barriers’ (Chapter 5)
for more details on adding and modifying field barriers.
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EVALUATING WIND EROSION PROBLEMS WITH WEPS

This is an example problem that we will use to evaluate a wind erosion problem in the
Stevens Point area of central Wisconsin.

The scenario for the problemis:

. The farm islocated near Stevens Point, WI in Portage County.

. The Cligen Station is Stevens Point and the Windgen Station is Wausau.

. The Soil Map Unit used in the evaluationis MfB-Mecan-100-L S.

. The original two year Cropping system is Spring Peas and Snap Beans (green).
. Thefield sizeis 2640' X2640', 160 acres.

. The WEPS evaluation of the cropping system will berun for 20 rotation cycles.

Below (Fig. 5.14) isthe two year rotation of Spring Peas and Snap Beans (green) including
the dates and field operations. Following evaluation of the erosion rates on the two year
rotation, it has been decided to set up athree year rotation to include early potatoes.

Eggﬂanagement Crop Rotation Editor for WEPS |- O] X]
Fil= Edit Configure Sort Tools Help

EE [‘EE @ Rotation: iWI_F‘easSpr_ElnsSanrn_ Yrs. of Rotation: |2
ear:] FEH MAR APR Ay JUN JUL AUG
| | I 1 [E ] | | | cﬁ’)l ??| | | 1 Ll § [ |?I | | | |
hites i I Zoom In I Zoom DutI !D1ICI‘1.|’D1 = | bt
Diate Operation Crop Tillage
rrrmiddiyy Direction

(degrees)
0440501 ngisk harrow, tandern, inline (18" dia blades, 8" spacing) 3 0.o
04/20/01 QICuItivator, Field, 9" shovels {3 ranks, 12" lateral tool spacing 3 0.0
0442501 QIPIamer- double disk openers (30" row Spacingg [Clpeas, spring 0.o
0701 nganrestSmaII Grain {cutter bar 3

0901 501 QIChisel plowe - 3" wide twisted pts (2 ranks, 12" lateral tool spach E3 0.o
04/148/02 ngisk harrow, tandem, inline {18" dia hlades, & spacing) E3 0.0
050502 QICultivator, Field, 9" showels (3 ranks, 12" lateral tool spacing) E3 0.o
0aMa/02 QIPIanter— double disk openers (30" row spacing _[‘_‘][bean, snap (green) 0.0

070102 Ca|Harvest Small Grain (cutter bar

Figure 5.14. A two year rotation of spring peas and snap beans (green).

When we expand the two year rotation to include Early Potatoes, wecan add the operations,
dates of operation, and the potato crop directly to the two year rotation or we can build a
separate template for Early Potatoes and then insert the new template in the rotation. We
recommend the option of building a separate template for Early Potatoes and then inserting
it into the existing rotation. The new single year template for Early Potatoes begins when
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in MCREW by clicking on“File”, then click on “New” and thiswill drop aclean MCREW
screen down. With the clean MCREW screen we enter dates and operations as instructed
in the earlier section on MCREW (Chapter 4). Thesingle year cropping scenario for early
Potatoes should be saved asatemplate. Wewill saveit by clicking on “file” and then*“save
asatemplate’. Thelist of management files will drop down and we will go to the window
on the bottom of thelist called “File name”, remove the * and then type in the name single
crop scenarioweare saving. Tofinalizeweclick “ Save” on the bottom right of the window.
We now have anew single year template and will add it to our two year rotation.

Below (Fig. 5.15) isthe three year rotation of Early Potatoes, Spring Peas, and Snap Beans
(green) including the dates and field operations. Following evaluation of the erosion rates
on thethree year rotation, it has been decided to set up afour year rotation to include Sweet
Corn.

E%;Hanagemenl Crop Rotation Editor for WEFPS
File Edit Configure Sort Tools Help
E‘g @ Rotation: |WI_PDt_F'eaSpr_ElnsSnp_ ¥rs. of Rotation: |3_ |
ear:1 FEB MAR APR WAy UM JUL AUG
e S . | — T ?] E: ‘?‘ﬁﬂ T T |? | — p—
| Zoamin | Zoom Out | [o1mimr > | »»
Date Operation Crop Tillage
mmiddiy Direction
(degrees)
040501 [“_‘]lDisk harrow, tandern, inline (18" dia hlades, 8" spacing) 23 on
04520001 [C|Cultivatar, Field, 8" shovels (3 ranks, 12" lateral tool spacing) E3 0.0
0472501 [LQ|Planter - double disk openers (30" row spacing) [Clneas, spring 0.n
07101701 CalHarvest Seall Grain (cutter bar) 2
095101 [ZalChisel plove - 3" wide twisted pts (2 ranks, 12" 1ateral tool spac) | on
04Ma/02 [Z3|Disk harrow, tandem, inline (18" dia blades, 9" spacing) E3 0.0
050502 [Z|Cultivator, Field, 9" shovels (3 ranks, 12" lateral tool spacing 2 oo
0&M a0z gPlanter— douhle disk apeners (30" row spacing [[bean, snap (greemn) oo
07/01/02 [leaNest Small Grain (cutter bar) 3
0912 [CA|Chisel plowr - 3" wide twisted pts (2 ranks, 12" lateral tool spac) 3 oo
04071003 [C|Disk harrow, tandem, double offset (20" dia blades, 11" blade spac | on
04Ma/03 [Ca|Cultivatar, Field, 8" shovels (3 ranks, 12" lateral tool spacing) E3 0.0
04120003 [Za|Planter - double disk openers (30" row spacing [Cfpotato,earty on
0&M 003 [C|Cuttivatar, row crop, 307 row spacing (3" ridge hi) 3 on
0RM 003 [CalCultivatar, row crop, 30 row spacing (3" ridge hi) | 0.0
07/05/03 gDefuliate (Spray) crop )
072003 QIHantest IUnderground | on
0a/m1/03 QIChiseI plowy - 2" wide straight pts (2 ranks, 12" [ateral toal spa) E3 0.0

Figure 5.15. A three year rotation of early potatoes, spring peas, and snap beans (green).
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WEPS EXERCISES: WISCONSIN 5.15

When we expand the three year rotation to include Sweet Corn, we agan, can add the
operations, dates of operation, and the Sweet Corn crop directly to the three year rotation or
we can build a separate template for Sweet Corn and insert the new template into the
rotation. We again recommend the option of building a separate template for Sweet Corn
and insert it into the existing rotation. Follow the same instruction used above for Early
Potatoes to add Sweet Corn.

Below (Fig. 5.16) isthe four year rotation of Early Potatoes, Sweet Corn, Spring Peas, and
Snap Beans (green) including the dates and field operations. Following evaluation of the
erosion rates on the four year rotation, it has been found acceptable.

[ Management Crop Rotation Editor for WEPS Hi=] E3
File Edit Configure Sort Tools Help
Rotation: |WI_PDt_SWCm_Pea_SnEI Yrs. of Fotation: |4_ .
AFF Tl A JUIN JUL AUG
Zoom In I Zoom Clutl IW kS I =
Date Operation Crop Tillage
mimidadhyy Direction
(dedgrees)
0440101 C||Disk harrowe, tandem, double offset (20" dia blades, 11" hlade spac 3 0.
0411 5/01 [Ccultivator, Field, 8" shovels (3 ranks, 12" Iateral tool spacing 3 0.o
04r20/01 [C3|F1anter - double disk openers (30" row spacing) [COpotata,early 0.0
051 0:01 [Cjcultivator, row crop, 30" row spacing (3" ridge h) 3 0.0
Q&1 0501 [Clcultivator, rowe crop, 30" row spacing (3" ridge hit) 3 n.a
07ins/01 [CO|Defaliata (Spray) crap 3
07r20im CalHarvest Underaround 3 0.0
08601501 Cchizel plow - 2" wide straight pts (2 ranks, 12" lateral tool spa) 3 n.ao
Q&M 002 [C3|Disk harrow, tandem, inline (18" dia hlades, 9" spacing) 3 0o
0ar25/02 (| Cultivator, Field, 8 shovels (3 ranks, 12" lateral tool spacing 3 0.o
0Em102 Q|F'Ianter— double disk openers (30" row spacing [Zcom, sweet [IN1]
[ab:TichRinged DlHaNest (cut or break stalks high) 3
0ars/0z2 Calchizel plow - 3" wide taisted pts (2 ranks, 12" lateral tool spac) 2 0.o
04r05/03 [C3|Disk harrow, tandem, inline (18" dia hlades, 9" spacing) 3 0.0
04520/03 [Calcultivator, Field, 9" shovels (3 ranks, 12" Iateral tool spacing 3 0.0
04525003 gPlanter— douhle disk openers (30" row spacing) [Cpeas, spring n.ao
07101403 CalHarvest Small Grain (cutter har =
0ar 5503 [Cajchizel plow - 3" wide twisted pts (2 ranks, 12" lateral tool spac) 3 0.0
04i15/04 [[3|Disk harrow, tandem, inline (18" dia hlades, 3" spacing) 3 0.0
0&Mmsind [Calcultivator, Field, 8" shovels (3 ranks, 12" Iateral tool spacing 3 n.o
0ara/04 Q|F'Ianter- dauble disk openers (30" row spacing) [Calbean, snap (ureen) 0.o
Q7104 ngar\rest Small Grain {cutter bar) E3
0801704 QIChisel plow - 3" wide twisted pts (2 ranks, 12" lateral toal spac) 3 n.a

Figure 5.16. A four year rotation of early potatoes, sweet corn, spring peas, and snap
beans (green).
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WEPS EXERCISES: SOUTH CAROLINA 5.17

EVALUATING WIND EROSION PROBLEMS WITH WEPS

Following are some example problems that we will use to evaluate some wind erosion
problems in Marlboro and Charleston Counties, South Carolina.

Situation 1 -2 year rotation developing into a 4 year rotation

* Thescenario for the problem is:

* Thefarmislocated in Marlboro County, SC

* TheCligen station is McColl and the Windgen station is Eastover

* TheSoil Map Unit used in the evaluaion is: NoA - Norfolk LS

* Theorigina 2 year cropping system isCotton and Watermelons

» Thefield sizeis: x axis - 3500 ft.; y axis - 2000 ft.

* Orientation of field operations and rows is-45 degrees

* Operations areperformed pardlel to x axis

* Theearly WEPS evaluations will be run for 5 rotation cycles

* Barriers - Woods along the NW and NE field borders (trees w/leaves 4 rows)

Below isa2 year rotation of upland cotton and watermelons, including the datesand field
operations (Fig. 5.17).

%Managemenl Crop Rotation Editor for WEPS |_ (O] x] I
File Edit Configure Sort Tools Help
Ei | %E} @ @ Rotation: ISC_Conn,Pkr_mrmln,DirE f1s. of Rotation: |2_
ear FEB MAR APR A JUIN JUL ALIG
[ : R el ] AT il ??' 'f} I I'?' T'?] [ ‘ﬂ. el ]
| _Zeomin | Zoom Cut | Jotmimr = 1= |
Date Qiperation Crop Tillage
rrniddiyy Direction
(degrees)
04520001 | -3|Disk harrow, tandem, inline (15" dia blades, 9" spacing) = -45
04525001 [alLister - 40" row spacing (2" ridge height) = -45
05:058:01 C||F’Iamer- double disk openers (40" row spacing) [_fcotton, picker -45
05r25i101 (3| Cultivator, row crop, 40" row spacing (3" ridge hi) B -45
Q610401 (| Cultivatar, row crop, 40" row spacing (3" ridge ht) & -45
Q627001 (| S ultivatar, row crop, 40" row spacing (3" ridge ht) 23 -45
09r15101 Q'Defoliate (Spray) crop 2|
0815101 gHaNestCrop ({leave stalks undisturbed) 5|
11401101 gshred stalks &
1115101 gDisk harrow, tandem, inline (18" dia blades, 9" spacing) 23 -45
0310102 gDisk harrow, tandem, inline (18" dia blades, 9" spacing) &3 -45.0
03Mam02 QICh\sel plow - 2" wide straight pts (2 ranks, 12" lateral tool spa) 5| -45.0
03r20m02 QIDisk harrow, tandem, inline (18" dia blades, 9" spacing) [ | -45
0450402 DlF’Ianter- double disk apeners (30" row spacing) [fwatermelon, direct seeded -45
05104502 (| Cultivatar, row crop, 30" row spacing (3" ridge ht) | -45
0sr20i2 (| Cultivator, row crop, 30" row spacing (3" ridge ht) 5] -45
o7rom2 QIHaNestCrnp {leave stalks undisturbed) 23
0amamz QlDisk harrowe, tandem, inline (18" dia hlades, 8" spacing) 3 -45.0

Figure 5.17. A two year rotation of upland ocotton and watermedons.
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5.18 EXERCISES: SOUTH CAROLINA

*Cotton, picker (700 Ibs. lint yield)

04/10/01 Tandem dik, 18" diameter blades)
04/20/01 Tandem disk, 18" diameter blades)
04/25/01 Lister - 40" row spacing (8" ridge height)
05/05/01 Planter double disk opener (40" row spacing) — Cotton, picker
05/25/01 Row crop Cultivator (40" inch rows)
06/10/01 Row crop Cultivator (40" inch rows)
06/27/01 Row crop Cultivator (40" inch rows)
09/15/01 Defoliate

10/01/01 Harvest crop (leave stalks undisturbed)
11/02/01 Shred stalks

* Watermelons

03/01/02 Tandem disk, 18" diameter blades)

03/15/02 Chisel plow - 2" wide straight pts.

03/20/02 Tandem disk, 18" diameter blades)

04/04/02 Planter - double disk opener (48" rows) - Watermelons
05/05/02 Row crop Cultivator (48" inch rows)

05/20/02 Row crop Cultivator (48" inch rows)

07/10/02 Harvest crop

WEPS

When we expand the 2 year rotation to include Corn, 130 day, we can add the operations,
dates of operation, and the 130 day Corn crop directly to the 2 year rotation or we can build
a separate template for Corn, 130 day. The new template can then be inserted into the
rotation. We recommend the option of building the separate template for 130 day Corn and
thetemplate will then be availablethe next timeyou are building arotation that includesthat

crop.
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EXERCISES: SOUTH CAROLINA

5.19

Below isthe 3 year rotation of Cotton, picker; Watermelons; and 130 day Corn, including
the field operations and the dates they were performed (Fig. 5.18).

Rotation: ISC_CDttn,F'kr_\r’\l‘trmln,DirE rs. of Rotation: |3_
APR MAY JUN JuL ALIG
T ('1_F_l '''' B ‘ﬁ, ?[_‘ﬁL_T_IT? | ?l il ‘ﬁ 1l [
Zoom In | Zaom out | [o1mim1 | > | >
Operation Crop Tillage
Cirection
(degrees)

04520501 gDisk harrow, tandermn, inline {18" dia hlades, 8" spacing) 55 | -45
04526101 glLister- 40" row spacing (8" ridge height) 3 -45
0af05101 DlPIanter— double disk openers (40" row spacing) [Zfcotton, picker -45
05525501 [ZlCultivator, rove crop, 40" raw spacing (3" ridge hi) 23 -45
061 0501 [ZlCultivatar, rove crop, 40" row spacing (3" ridge hi) Z3 -45
Q627101 [CAlCultivator, rowe crop, 40" row spacing ¢3" ridoge hi) 3 -45
091 /i1 (|Defoliate (Spray) crop 23
0811 5101 QlHar\rest Crop {leave stalks undisturbed) Z3
11401701 gShred stalks Z3
1111 5501 gDisk harrow, tandermn, inline {18" dia hlades, " spacing) 55 | -45
03601502 ngisk harrow, tandern, inline (18" dia blades, 8" spacing) 23 -45.0
0316502 QlChisel plow - 2" wide straight pts (2 ranks, 12" lateral tool spa) 23 -44.0
03520002 gDisk harrow, tandermn, inline {18" dia blades, " spacing) 23 -45
04s04502 DlPIanter— double disk openers (30" row spacing) [ZOfwatermelon, direct seeded -45
0ai0s02 [ZlCultivator, rowe crop, 30" row spacing (3" ridge hi) 3 -45
0520002 [ZlCultivator, rowe crop, 30" raw spacing (3" ridoe hi) 3 -45
071 0i02 (|Harvest Grop (leave stalks undisturbed) 23
10825502 gDisk harrow, tandern, inline {18" dia hlades, " spacing) Z3 0.0
111 4002 gDisk harrow, tandermn, inline (18" dia blades, 9" spacing) Q 0.0
11016502 ngriII - double disk openers (8" row spacing) [Capwheat, winter, soft white oo
Q60503 QlHar\rest Small Grain (cutter ban 23
060603 |gfBum Residue &
Q60703 gDisk harrow, tandermn, inline {18" dia hlades, 8" spacing) 23 0.0
QBM803 DlPIanter— double disk openers (30" rowe spacing) [Calsovbean, MG W, 130 days oo
0724503 [ZlCultivator, rowe crop, 30" rowe spacing (3" ridoe hi) 23 oo
08010503 [ClCultivator, rowe crop, 30" row spacing (3" ridoe hi) 3 oo
10i31403 ((|Harvest Soybeans (cutter bary 23
1115503 gDisk harrow, tandemn, inline (18" dia blades, 9" spacing) [:| 0.0

Figure 5.18. A threeyear rotation of picker cotton, watermelons, and 130 day

corn.

*Cotton, picker (700 Ibs. lint yield)

04/10/01 Tandem disk, 18" diameter blades)
04/20/01 Tandem disk, 18" diameter blades)
04/25/01 Lister - 40" row spacing (8" ridge height)
05/05/01 Planter double disk opener (40" row spacing) — Cotton, picker
05/25/01 Row crop Cutivator (40" inch rows)
06/10/01 Row crop Cutivator (40" inch rows)
06/27/01 Row crop Cutivator (40" inch rows)

User Manual

Printed 6 November 2001



5.20 EXERCISES: SOUTH CAROLINA WEPS

09/15/01 Defoliate

10/01/01 Harvest crop (leave stalks undisturbed)
11/02/01 shred stalks

11/15/01 Tandem disk, 18" diameter bades)

*Watermelons

03/15/02 Chisel plow - 2" wide straight pts.

03/20/02 Tandem dik, 18" diameter blades)

04/04/02 Planter - double disk opener (48" rows) - Watermelons
05/05/02 Row crop Cutivator (48" inch rows)

05/20/02 Row crop Cutivator (48" inch rows)

07/10/02 Harvest crop

08/01/02 Tandem disk, 18" diameter blades)

*Wheat, winter, soft white

10/15/02 Tandem disk, 18" diameter bades)

11/14/02 Tandem Disk 18" diameter blades)

11/15/02 Drill - double disk openers (8' rows)

06/05/03 Harvest small grain (cutter bar) — Wheat, winter, soft white
06/06/03 Burn residue (approximately 800 Ibs of residue/acre left on surface)

*Soybeans

06/07/03 Tandem disk, 18" blades

06/08/03 Plant, double disk openers - 30" rows - Soybeans
07/24/03 Row crop Cultivator (30" rows)

08/10/03 Row crop Cultivator (30" rows)

10/31/03 Harvest Soybeans, (cutter bar)

11/20/03 Tandem disk, 18" blades
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5.21

Below is the 4 year rotation of picke cotton, watermdons, wheat-soybeans (double
cropped); and corn, 130 day; including the field operations and the dates they were
performed (Fig. 5.19).

File Edit Configure Sort Tools Help
(Dl=]=] ) Rotation: [ SC_Cottn,Phi_Wmin,Diré vis. ofRotalion: |4
ear FEB MAR APR [ENY JUIN JuL ALG
| | | | '"'_|__|_—l_"‘ | | | TR %'_@1 ? | I '"'_V_@f__-[' (ﬂ | | | | |
=] = | _Zeomin | Zoom Out | [oimim > | =
Date Cperation Crop Tillag_e ’ﬂ
mmiddiyy Direction
(degrees)
0914501 ngefoliate (Spray) crop | |
058/ 5001 ngarvest Crop {leave stalks undisturbed) [
11701001 nghred stalks 3
111801 QIDisk harrow, tandem, inline {18" dia hlades, 9" spacing) 3 -45
03/01s02 ngisk harrow, tandern, inline (18" dia hlades, 9" spacing) () -45
0314502 glChiseI plow - 2" wide straight pts (2 ranks, 12" lateral tool spa) (5 | -45
0320002 ngisk harrow, tandern, inline (18" dia hlades, 9" spacing) [ -45
04/04r02 [[J|Planter - double disk openers (30" row spacing) [[Jfwatermelon, direct seeded -45
0a/0ar02 [Z3|Cultivatar, row crop, 30" row spacing (3" ridge hi) 3 -48
0520002 (| ultivator, rowe crop, 30" row spacing (3" ridge ht) () -45
07100z L|Harvest Crop (eave stalks undisturbed) [
10025002 ngisk harrowe, tandern, inline (18" dia hlades, 9" spacing) | -45
1114002 QIDISI-( harrow, tandem, inline (18" dia blades, 9" spacing) (B -45
111802 QIDriII-double disk openers (8" row spacing) [[fwheat, winter, soft white -4a
06/0503 QlHarvest Small Grain {cutter bar 3
08/0603  [[aBurn Residue &=
OB/0703 ngisk harrow, tandern, inline (18" dia hlades, 9" spacing) [ -45
06/08/03 [Q|P1anter - double disk openers (30 row spacing) [fsovbean, MG, 130 days -45
0724103 [Z3|Cultivatar, row crop, 30" row spacing (3" ridge hi) a3 -4a
08M 003 (| Cultivator, rowe crop, 30" row spacing (3" ridge ht) () -45
10/31/03 L|Harest Sovheans (cutter bar |5 |
111803 ngisk harrowe, tandern, inline (18" dia hlades, 9" spacing) () -45
03114/04 QIDISI-( harrow, tandem, inline (18" dia blades, 9" spacing) () -45
03731504 [Z|Planter - double disk openers (30" row spacing) [Zfcorm, grain, 130 -48
0430004 [CA|Cultivator, rovwe crop, 30" row spacing (3" ridge hi) (B -45
05/31104 [ZA|Cultivator, row crop, 30" row spacing (3" ridge hty [ -45
091504 L|Harvest (cut or break stalks high) ()
09/30/04 QIDISI-( harrow, tandem, inline (18" dia blades, 9" spacing) (| -45 I

Figure 5.19. A four yea rotation of picker cotton, watermelons, wheat-
soybeans (doubl e cropped), and corn, 130 day.

*Cotton, picker(700 Ibs. lint yield)

04/10/01 Tandem disk, 18" diameter blades)

04/20/01 Tandem disk, 18" diameter blades)

04/25/01 Lister - 40" row spacing (8" ridge height)

05/05/01 Planter double disk opener (40" row spacing) — Cotton, picker
05/25/01 Row crop Cultivator (40" inch rows)

06/10/01 Row crop Cultivator (40" inch rows)

06/27/01 Row crop Cultivator (40" inch rows)

09/15/01 Defoliate
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5.22 EXERCISES: SOUTH CAROLINA WEPS

10/01/01 Harvest crop (leave stalks undisturbed)
11/01/01 shred stalks

11/15/01 Tandem disk, 18" diameter blades)
*Watermelons

03/01/02 Chisel plow - 2" wide straight pts.
03/20/02 Tandem disk, 18" diameter blades)
04/04/02 Planter - double disk opener (48" rows) - Watermelons
05/05/02 Row crop Cultivator (48" inch rows)
05/20/02 Row crop Cultivator (48" inch rows)
07/10/02 Harvest crop

08/01/02 Tandem disk, 18" diameter blades)
10/01/02 Tandem disk, 18" diameter blades)

*Wheat, winter, soft white

11/14/02 Tandem Disk 18" diameter blades)

11/15/02 Drill - double disk openers (8" rows)

06/05/03 Harvest small grain (cutter bar) — Wheat, winter, soft white
06/06/03 Burn residue (approximately 800 Ibs of residue/acre left on surface)

*Soybeans

06/07/03 Tandem disk, 18" blades

06/07/03 Plant, double disk openers - 30" rows - Soybeans
07/24/03 Row crop Cultivator (30" rows)

08/10/03 Row crop Cultivator (30" rows)

10/31/03 Harvest Soybeans (Cutter bar)

11/20/03 Tandem disk, 18" blades

*Corn, 130 day

03/15/04 Tandem disk, 18" diameter blades)

04/01/04 Plant, double disk openers - 30" rows - Corn
05/01/04 Row crop Cultivator (30" rows)

05/21/04 Row crop Cultivator (30" rows)

09/15/04 Harvest

10/15/04 Tandem disk, 18" diameter blades)
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EXERCISES: SOUTH CAROLINA

Situation 2 - Continuous Tomatoes

5.23

Thisis another example problem that we will use to evaluate a wind erosion problem in
Charleston County, SC.

* The scenario for the problem is:

» Thefarmislocated in Charleston County, SC

* TheCligen station is Charleston and the Windgen station is Charleston
* TheSoil Map Unit used in the evaludion is. NoA - Norfolk LS
« The continuous cropping system is Tomatoes

* Thefield size is: x axis - 2000 ft.; y axis - 1500 ft.

* Orientation of field operations and rows is-45 degrees
* Operations areperformed pardlel to x axis
* Theearly WEPS evauationswill be run for 5 rotation cycles

* Barriers - Woods along the NW and NE field borders (trees w/leaves 4 rows)

Below is the 1 year rotation of Tomatoes, including the dates and field operations (Fig.

5.20).
[23 Management Crop Rotation Editor for WEPS [_ (O] x|
File Edit Configure Sort Tools Help
[fes) Rotation: [SC_TrtosCont vrs. of Rotation: [1
ear FEB MAR APR MAY JUn JuL ALIG
T = ]? T [‘ﬁ?‘?] k?] ? []? . ]?I —T "l?'] | | 7 p—
<< | < | Zoamin | Zoom ut | [ormimt > | »>
Date Operation Crop Tillage
mimiddhgy Direction
(degrees)
0201 5501 gDisk harraw, tandermn, inline {18" dia hlades, " spacing) 23 0.0
02028101 QIDisk harrow, tandern, inline (18" dia blades, 8" spacing) 23 oo
02403501 Q[Lister- 40" row spacing (8" ridge height) 3 0o
0301 5101 DIPIanter— double disk openers (40" row spacing) [_Jftomato, transplanted 5y oo
03531501 [ZOlCultivataor, rove crop, 40" row spacing (3" ridge hi) 3 oo
041 5101 [CAlCultivator, rowe crop, 40" rowe spacing ¢3" ridoge hi) 5 0o
04530501 [ZOlCultivator, rowe crop, 40" row spacing (3" ridoe hf) Z3 oo
061 5001 gHaNest Crop {leave stalks undisturbed) 23
07131101 ngisk harrow, Tandem, Offset (20" dia hlades, 13" blade spacing) () oo

Figure 5.20. A one year rotation of tomatoes.

*Tomatoes

02/15/01 Tandem disk, 18" diameter blades)
03/01/01 Tandem disk, 18" diameter blades)
03/03/01 Lister - 48" row spacing (8" ridge height)
03/12/01 transplant - Tomatoes

04/01/01 Row crop Cultivator (48" inch rows)
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5.24 EXERCISES: SOUTH CAROLINA WEPS

04/15/01 Row crop Cultivator (48" inch rows)
05/0101 Row crop Cultivator (48" inch rows
06/15/01 Harvest crop

07/25/01 Tandem disk, 18" diameter blades)

Situation 3 - Continuous Cotton

Thisisan example problem that we will useto evaluate awind erosion problem in Marlboro
County, SC.

* The scenario for the problem is:

* Thefarmislocated in Marlboro County, SC

* TheCligen station is McColl and the Windgen station is Florence

* TheSoil Map Unit used in the evaluaion is: FaB - Faceville LS

» The continuous cropping system is Cotton, picker

* Thefield size is: x axis- 3500 ft.; y axis - 2000 ft.

* Orientation of field operations and rows is-45 degrees

* Operations areperformed pardlel to x axis

* Theearly WEPS evauationswill be run for 5 rotation cycles

* Barriers - Woods along the NW and NE field borders (trees w/leaves 4 rows)
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EXERCISES: SOUTH CAROLINA

5.25

Below isthe 1 year rotation of Cotton, Picker including the dates and field operations

(Fig. 5.21).

E‘E’i”anagement Crop Rotation Editor for WEPS [_ (O] x|
File Edit Configure Sort Toolz Help
2| [iE Ruotation: ISC_CDntinUDUS Cotton(Pi rs. of Rotation: |1
MAR APR AT JUN JUuL ALIG
| I i ?l ‘? ?| (35 | l‘? ' T"{?l' [ ‘ﬂ [
EEE Zoom In |Zoom out | IW > | =»

Date Cperation Crop Tillage

mimfddiy Direction
(degrees)

04510501 QlDisk harrow, tandern, inline (18" dia blades, 8" spacing) (B -45.0
04520501 gDisk harrow, tandermn, inline {18" dia hlades, " spacing) 23 -45
04526101 QILister- 40" row spacing (8" ridge height) B -45
05¢05501 DlPIanter— double disk openers (40" row spacing) |_Jfcottan, picker -45
05125101 [CAlCultivator, rowe crop, 40" rowe spacing (3" ridge hi) 3 -45
061 0501 [CIlCultivator, rowe crop, 40" rowe spacing (3" ridge hf) Z3 -45
OB/27101 [ZJlCultivatar, rove crop, 40" row spacing (3" ridoe hi) Z3 -45
091 /01 (|Defoliate (Spray) crop B
0541 5501 gHaNest Crop {leave stalks undisturbed) 23
11001701 glsmed stalks )
1181 5501 ngisk harrow, tandermn, inline (18" dia blades, 8" spacing) 23 -45.0

Figure 5.21. A one year rotation of picker cotton.

* Cotton, picker (700 Ibs. lint yield)
04/10/01 Tandem disk, 18" diameter blades)
04/20/01 Tandem disk, 18" diameter blades)

04/25/01 Lister - 40" row spacing (8" ridge height)

05/05/01 Planter double disk opener (40" row spacing) — Cotton, picker

05/25/01 Row crop Cultivator (40" inch rows)
06/10/01 Row crop Cultivator (40" inch rows)
06/27/01 Row crop Cultivator (40" inch rows)

09/15/01 Defoliate

10/01/01 Harvest crop (leave stalks undisturbed)

11/01/01 shred stalks
11/15/01 Tandem disk, 18" diameter blades)
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WEPS EXERCISES: SOUTH DAKOTA 5.27

EVALUATING WIND EROSION PROBLEMS WITH WEPS

Following are some example problems that we will use to evaluate some wind erosion
problems in Haakon County, South Dakota.

Situation 1 -2 year rotation
The scenario for the problemis:

* Thefarmislocated in Haakon County, SD

* TheCligen station is Milesville and the Windgen station is Philip

* TheSoil Map Unit used in the evaludion is: Craft Cv 85 VFSL

» Theorigina 2 year cropping system is Winter Wheat-Fallow

* Thefield sizeis: x axis - 2600 ft.; y axis - 2600 ft.

* Orientation of field operations and rowsis—North (0 or 360 degrees)
» Operations areperformed pardlel to x axis

* Theearly WEPS evaluations will be run for 5 rotation cycles

* Barriers- None

Below is the 2 year rotation of Winter Wheat and Fallow, including the daes and field
operations (Fig. 5.22).

*Winter Wheat (32 bu. yield) — Fallow (Conventional)

E%Hanagemenl Crop Rotation Editor for WEPS
File Edit Configure Sort Tools Help
EE @ Rotation: I SO htFallowe Yrs. of Rotation: I 2z
ear FEB MAR . APR. MAY : JUNE L AUG
IIl[ll|||l[ll||k?l[l?l|lh?lll
| _Zeomn IZoomDut! W = I =
Date Operation Crap Tillage
rmmiddhy Direction
(degrees)
a1 501 [COlCuttivatar, Field, 8" shovels (3 ranks, 12" lateral tool spacing) E3 0.0
06M 501 [C|Cultivator, Field, 9 shovels (3 ranks, 12" lateral tool spacing 3 0.0
a7rsm [COlCuttivatar, Field, 8" shovels (3 ranks, 12" lateral tool spacing B 0.o
namsm [C|Cuttivatar, Field, 8" shovels (3 ranks, 12" lateral tool spacing) B3 0.o
0491 5101 ngrill - hoe openers (12" row Spacing) [Cfwheat, winter, hard 0o
070Nz nganfest Small Grain {cutter bar) B3
oarm9mz QIDisk harrow, tanderm, inline (18" dia blades, 9 spacing) = 0.o

Figure 5.22. A two year rotation of winter wheat and fallow.
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When we expand the 2 year rotation to include Forage Sorghum/Sudan Grass Cross (Kane)
(Fig. 5.23), we can add the operations, dates of operation, and the Kane crop directly to the
2 year rotation or we can build a separate template for Kane. The new template can then be
inserted into the ratation. Werecommend the option of building the separate template for

Kane and the template will then be availabe the next time you are building a rotation that
includes that crop.

ggﬂanagement Crop Rotation Editor for WEPS
File Edit Configure Sont Toolz Help
EE @ Rotation: |SD_FDrage Sorghum#Suc  rs. of Rotation: |1
ear:1 FEB MAR AFR hAy JUN JUL AG
T 1 T]]II'] 1 l'l'] I?I? i I'|III R
wall =] Zoom In | Zoom Out | [0t > | >
Date Operation Crap Tillage
rrrmddiyy Direction
(degrees)
050601 QICultivator, Field, 9" shovels (3 ranks, 12" lateral tool spacing) Ql 0o
0ar20/01 ngriII - double disk openers (8" row spacing ”leudangrass, hay, silage, ar 0o
09i05i01 QIHantest {cut and rermowve whole plant above cut height) QI

Figure 5.23. A one year rotation of forage sorghum/Sudan grass cross (kane).
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Below is the 3 year rotation of Winter Wheat; Fallow; and Kane, including the field
operations and the dates they were performed (FHg. 5.24).

*Winter Wheat (32 bu. yield) — Fallow (Conventional) and Kane (~ 6000 Ibs.)

Eggﬂanagemenl Crop Rotation Editor for WEPS [ [O] %]
File Edit Configure Sort Tools Help

Rotation: |SD_‘u’\f‘Lf\fh1-Kane-Fallow Yre, of Rotation: |3 |

APR hA JUI JUL ALIG
P e | [ | ] [ ? I 1 ]? I | | kﬁ, | |
Zoom In | Zeom Out | [oimiot > | >
Date Operation Crop Tillage
mmiddiy Direction
(degrees)
0arMam [COcultivatar, Field, 9" shovels (3 ranks, 12" lateral tool spacing E3 o.n
06M 3 [Cacultivatar, Field, 9" shovels (3 ranks, 12" lateral tool spacing E3 o.n
07Mam [CA|Cultivatar, Field, 9" shovels (3 ranks, 12" lateral tool spacing A o.n
09r0am [Ca|Cultivatar, Field, 9" shovels (3 ranks, 12" lateral tool spacing Ea il
091 5 QIDriII - hoe openers (12" row Spacing) [Cafwheat, winter, hard il
o7Mamz nganrestSmall Grain {cutter bar) B3
09r01mz [“_‘]lDisk harrow, tandem, inline (18" dia blades, 8" spacing) 3 il
Q051003 [CaCultivator, Field, 9" shovels (3 ranks, 12" lateral tool spacing) E3 0.0
0520003 gDriII - douhble disk openers (8" row spacing) [C3|sudangrass, hay, silage, or 0.0
0805803 QIHar\rest {cut and remaove whole plant above cut heighty E3
09530003 ngiSk harrow, tandem, inline (18" dia blades, 8" spacing E3 o0

Figure 5.24. A three year rotation of winter wheat, fallow, and kane
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EVALUATING WIND EROSION PROBLEMS WITH WEPS

Following are some example management scenarios that we will use to evaluate a wind
erosion problem inthe Northwest area of Texas.

Situation 1 — Continuos Cotton rotation
The management scenario to be evaluated is:

* Thefarm islocated in Lubbock County, TX.

* TheCligen Station is Lubbock and the Windgen Station is L ubbock

* TheSoil Map Unit used in the evaludion is Amarillo 4 100 LFS

» Theorigina Cropping systam is Continuos Cotton, stripper

* Thefield size is 2640' X 2640 (160 acres)

* The WEPS evauation of the cropping system will be run for 5 rotation cycles

Below is the Continuos Cotton rotation including the dates and field operations (Fig.
5.25).

Cotton (Yield of /2 Bale)

E%Hanagement Crop Rotation Editor for WEPS
File Edit Configure Sort Tools Help
EE.E Rotation: |T><_Cott0n,stripper ¥rs. of Rotation: |1_
APR hAY JUIK JUIL ALG
T ]]| | k? —— ]? I |? | I? | |
ZoomIn | Zaam Out | W 2 | 2>
Date Cperation Crop Tillage
mrmfddiyy Direction
(degreas)
o1 gShred stalks ([
021701 QIMDIdboard plow - 18" furraw slice (ho moldboard attachments) 23 0o
az2r 501 ngisk harrowy, tandem, inline (18" dia blades, 9" spacing (8 0o
Q3m1m glEledder E3 oo
Q&1 5101 DlPIanter— double disk openers (40" row spacing) [Cafcotton, stripper 0o
06M 501 [Ca|cuttivator, rowe crop, 40° rowe spacing (3" ridge ht) 3 0o
o710 (Ll ultivator, row crop, 40° row spacing (3 ridge ht) (| oo
a7r s [Cac uttivatar, row crop, 40 row spacing (3" ridge hi) E3 0o
111 [[O|Harvest Crop (leave stalks undisturbed) (|

Figure 5.25. A continuos rotation of cotton.
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Situation 2 — Cotton_Milo rotation

When we expand the 1 year cottonrotation to include Milo, we can add the operations, dates
of operations, and the Milo crop directly to the original Cotton rotation or we can build a
separatetemplate for Milo and then insert the new templatein the rotation. We recommend
the option of building a separate template for Milo and then inserting it into the existing
Cotton rotation. The new single year template for Milo begins by opening MCREW,
clicking on “File”, then click on “New” and thiswill drop aclean MCREW screen down.
With the clean MCREW screen we just start entering dates and operations asinstructed in
theearlier lessonson MCREW. Thesingleyear cropping scenario for Mile should be saved
as a template. Saving a template begins by clicking on “file” and then “save as a
template”. Thelist of dot man foldersand fileswill drop down. Here we can open afolder
before saving, or we can go directly to the window on the bottom of the list called “File
name”, remove the * and then type in the name of the new template we are saving. To
finalizeweclick “Save” on the bottom right. We now have anew singleyear Milo template
and will add it to our existing Cotton scenario.

Below isthe2 year rotation of Milo_Cotton, including the dates and field oper ations (Fi g.
5.26).

Egj' Management Crop Rotation Editor for WEPS

File Edit Configure Sort Tools Help

@ Rotation: ITK_M”D_CHH.S"DF frs. of Rotation: |2_

gar] HE T APR MAY S L AUG
?III?[IT]?Ig-—l f]]|ll?l flT||l?| I
o il Zoom In | Zoom Out | W > | ==
Date Operation Crop Tillage
mrniddiy Direction
(degrees)
01401101 "|_“||Di9k harrow, tandern, inline (18" dia blades, 9" spacing Ea 0.0
0zt [Calchisel plow - 2" wide straight pts (2 ranks, 12" lateral tool spa) 3 oo
030101 QIDisk harrow, tandern, inline (18" dia blades, 9" spacing) Ea oo
031501 glEledder B3 0o
0515101 r'|_‘|IF'Ianter-th:uble disk openers (30" row spacing) [Zagmilo 0o
o7Mam [Cafc ultivatar, rovw crop, 30" row spacing (1" ridge hi) E3 0o
10/18/01 [3jHarvest Small Grain (cutter bar) E3
010102 QlShred stalks E3
02102 glnﬂoldbuard plow - 16" furrow slice (no moldboard attachments) Ea 0.0
0zi15/02 ngisk harrow, tanderm, inline (18" dia blades, 9 spacing) B3 oo
030102 QIEledder Ea oo
05/15/02 DlPIanter- dauble disk openers (40" row spacing) [Cfcottan, stripper 0o
06/15/02 L ultivatar, row crop, 40" row spacing (3" ridge hiy Ea 0o
0701502 [Cafcultivatar, rovw crop, 40" row spacing (3" ridge hi) E3 0o
o7Mam2 [Cacultivator, rovw crop, 40" row spacing (3" ridge hi) E3 0o
11/01/02 CO|Harvest Crop (leave stalks undisturbed) E3

Figure 5.26. A two year rotation of milo and cotton.
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Situation 3 — Cotton_Winter Wheat rotation

Below is the 2 year rotation of Cotton_Winter Wheat including the dates and field
operations (Fig. 5.27). We recommend the option of building the rotation using separate
templates of Cotton and Winter Wheat. However, once you have a template of
Cotton_Winter Wheat, you can useit directly from your dot man files.

Eggﬂanagement Crop Rotation Editor for WEPS M=1 E3
File Edit Configure Zort Tools Help
| ' Rotation: |T>{_Cott0n_Wntr‘-Nht,c0n\fI rs. of Rotation: |2_
APR Tl A JUIR JUL AUG
Zoom In I Zoom Du-t_l IW > | ==
Diate Operation Crop Tillage
mmiddhyy Direction
{degrees)
02 &/01 QIDisk harrawy, tanderm, inline (18" dia blades, 9" spacing) | 0.0
031701 QIEIedder =) 0.0
0ar 501 [:||Planter- dauble disk openers (40" row spacing [Cjcotton, stripper 0.0
06 5/01 Ll Cultivatar, row crop, 40" row spacing (3" ridge hi) =) 0.0
o710 LAl Cultivatar, row crop, 40" row spacing (3" ridge hi) | 0.0
a7 & Ll Cultivatar, row crop, 40" row spacing (3" ridge hi) = 0.0
1001 501 Q|Hanrest Crop (leave stalks undisturbed) |
100 6/01 QIDisk harrawy, Tandermn, Offset (20" dia blades, 13" blade spacing =) 0.0
10701 QIDriII - double disk openers (8" row spacing Capwheat, winter, hard 90
0612002 [leaNest Srmall Grain {cutter bar) =
a7r20/02 CalChisel plow - 3" wide twisted pts (2 ranks, 12" lateral tool spac) | §0.0
09r1 5/02 LAl Cultivatar, Field, 3" shovels (3 ranks, 12" lateral tool spacing) =) §0.0
10531702 CAlCultivatar, Field, 8" shovels (3 ranks, 12" lateral tool spacing) | §0.0

Figure 5.27. A two year rotation of cotton and winter wheat.
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WEPS TUTORIAL MODULE 1 7.1

Tutorials: Module 1
An Overview of WEPS

Wind erosion isaserious problem on agricultural lands throughout theUnited States aswdl
astheworld. Theahility toaccurately predict soil loss by wind isnecessary for conservation
planning, natural resource inventories, and quantifying potential air pollution from wind
blown sources.

WEPS, the Wind Erosion Prediction System, has been developed to address this problem
through a multi-agency government commitment. These agencies include: the USDA
Agricultural Research Service, the USDA Natural Resources Conservation Service, theUS
Bureau of Land Management, the US Environmental Protection Agency, the US Forest
Service, the US Army Corps of Engineers, and many universities including Kansas State
University in Manhattan, Kansas.

WEQ

Wind Erosion Equation—WEQ
E=f(,K,CL,V)

| - soil erodibility

K - soil ridge roughness

C - climatic factor

L - field length

V - vegetative factor

The Wind Erosion Equation or WEQ was developed by the late Dr. W. S. Chepil and co-
workers beginning in 1947, and first published in 1965. WEQ represented the first, and for
many years, themost widely used method for assessing the average annual soil loss by wind
from agricultural fields. Dueto the limited science and computational tools available at that
time, it was necessary to create WEQ as an empirical functional expression where the
potential average annual soil lossis afunction of:

® The soil erodibility

® The soil ridge roughness

® The climate

® The unsheltered distance across afield and

® The equivalent vegetative cover

WERQ is based on science and technology that is more than 35 years old, it is empirical by

attempting to model response to conditions in the field as factors, and it is not easily
extrapolated to areas outside the Great Plains where it was devel oped.
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With the advanced technol ogy of today asignificant advancementinwind erosion prediction
technology isnow possibleand overcomesthe fundamental weaknesses of WEQ. TheWind
Erosion Prediction System incorporates this new technology into auser-friendly computer
model.

What Is WEPS?

Wind Erosion Prediction Syste m—WEPS
Process-Based

Continuous

Daily Time-Step

Wind Erosion Model

WEPS is a process-based, continuous, daily time-step modd that simulates weather, field
conditions, and erosion using asimple graphical user interface. WEPS has the capability of
modeling actud physical processes that are occurring inthe fidd. As a continuous, daly,
time-step model, it ssimulates not only the basic wind erosion processes, but also the
processes that modify a soil's susceptibility to wind erosion onadaily basis. Plus, through
the simulation of field barriers and varying field management practices, WEPS can
accurately predict the results of these practices on soil erosion.

Factors Used In WEPS

Where are the WEQ factors in WEPS?
Example: Sail Erodibility - | Factor - WEQ
Surface Aggregation

® Size distribution

® Dry stability

Crusted Surface

® Cover fraction

® Stability andthickness

® | oose, erodible material on crust

Each of the WEQ factorsisaccounted for in WEPS. For example, the soil erodibility, or "I"
factor of WEQ isaccounted for in WEPS through modeling surface aggregationin terms of
its size distribution and dry stability. The effects of crusted surfaces ae modeled in terms
of the fraction of the surface covered by crust, crust stability and thickness, and the amount
of loose, erodible material on the crust.
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Similarly, the K, C, L, and V factors of WEQ ae accounted for in WEPS by multiple,
complex physical processes.

Why WEPS?

Improve predictions of soil loss by wind
through new technologies

WEPS has been devel oped to replace the ol der technology of WEQ and improve the overdl
predictions of soil loss by wind from agricultural fields.

More accurate assessment of soil
loss from agricultural fields

This is done by providing more accurate assessments of soil loss from agricultural fields
through process-based modeling. WEPS al so meets many other needsthat were previously
not possible through the use of WEQ.

Aid in designing more efficient and
Cost-effective erosion control systems

The simulation model makesit possible to design more efficient and cost-effective erosion
control systems...and accurately predict the effects of these control systemsasrelated to soil
erosion.

Quantitative information to assist in
improved management practices

Quantitative information, in addition to average annual soil loss, is provided through the
detailed reports available that are important in the development of effective management
practices.

Estimate suspension soil losses
Determine offsite impacts
Estimate PM-10 emissions
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WEPS will also provide additional prediction capabilities, not currently available, to

determine estimates of suspension soil losses, determining offsite impacts, and providing
estimates of emissions of particle matter less than ten microns in size, know as PM-10.

Purpose and Goals of WEPS

Purpose and Goals

® Planning soil conservation systems

® Environmental planning and assessment evaluations
e Offsite impacts of wind erosion estimates

Thegoal for WEPSisto bethewind erosion tool of choicefor designing sound management
systems to conserve our soil, air, and water resources. Specific purposes include: the
planning of soil conservation systems, providing environmental planning and assessment
evaluations, and estimating offsite impacts of wind erosion.

What Does WEPS Do?

WEPS is based on erosion simulation models to accurately predict:
® Detachment

® Transport

® Deposition

WEPS simulates the erosion of a soil surface by wind as the fundamental process of soil
detachment, which includes clod and crust abrasion, emission, and surface rearrangement.
WEPS simulates the process of transport where particles of saltation and creep size are
moved as well as suspenson, which includes PM10. WEPS also simulates the process of
deposition that occurswhen particlesaretrapped in depressions or residue and asthe surface
isrearranged by wind erosion.

What Does WEPS Simulate?

® Daily Weather

® Water Balance

® Crop Growth

® Residue Decomposition

WEPS simulates weather on a daily basis that drives processes or causes changes in water
balance or hydrology, crop growth, and residue decomposition.
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Daily Changes in Temporal Field Conditions
® Soil aggregation

® Surface wetness

® Surface roughness

® Residue status (standing/flat)

WEPS simulates changes in temporal field conditions on a daily basis in terms of the soil
aggregation size and strength, surface wetness, surface roughness, and how much residue
isstanding or fl&.

Common Cultural Practices (management/land use)
e Tillage

® Planting

® [rrigation

® Harvesting

® Burning

WEPS simulates the effects of common cultural practicestypical for field management and
land use. T hese factors include tillage, planting, irrigation, harvesting, and burning.

2 Dimensional Spatial Regions

® \Wind barriers

® Fields

® Uniform soil areas

e Common land use/management practices

WEPS simul ates the two dimensional space of wind barriersand fields or regionswhich are
represented ashaving a singlesoil type an common land use or management.

The WEPS Difference from WEQ

How WEPS determines soil loss compared to WEQ
WEQ makes an erosion calculation along a single, transect that represents the unsheltered

distance across the field. WEPS makes cal culaions for many grid areas covering the entire
field.
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The wind speed and direction in WEQ is considered constant throughout the period being
evaluated. Wind directionin WEPS varieson adaily basisand wind speed varies by the hour
within the day.

Barriersin WEQ only modify the unsheltered field length. In WEPS the barrier type, haght,
and porosity modify the wind velocity as it travels across the field.

WEQ considers the crop and soil characteristics to remain constant throughout the period
of evaluation. With WEPS, soil and crop characteristics change on adaly basisin response
to climate and erasion conditions.

These differenceswill produce moreaccurate soil |oss estimates as the processes simulated

closely reflect the actual conditions on adaily time-gep process throughout the period of
evaluation.

How Is WEPS Implemented?

How is WEPS Implemented?

WEPS is implemented as a science model within a graphical user interface. The user
interfaceallowsfor the creation of input run files, or "Projects’, the saving of these projects,
and the recall of previously saved projects. Theprojects created are based on the user input
and the information contained in the climae, soils, management, and crop/decomposition
databases.

The interface exeautes the science code consisting of the Main controlling program and
seven submodels, Hydrology, Management, Soil, Crop, Decomposition, Erosion, and
Weather. These submodels are modular in design so that they may be easily modified or
replaced as better science is adopted.

The interface also alows for the selection, viewing, and printing of project output and
reports.

Letstake alook at the purpose of each of the seven submodelsin WEPS.

WEPS Subm odels

The Weather Submodel
Drives the fundamental physical processes simulated by the other six submodels
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The WEPS weather submodel drives the fundamental physical processes ssimulated by the
other submodels. To do this the weather submodel simulates precipitation amount,
maximum and minimum air temperature, solar radiation, dew point temperature, wind
direction on adaily basis, andwind speed on an hourly basis.

The Hydrology Submodel
Models the soil water balance in regponse to weather and field conditions.

The purpose of the WEPS Hydrology submodel is to model soil water balance due to
weather conditionsand vegetation. Thissubmodel simulatesinfiltration, percolation, storage,
runoff, and deep drainage as well as daily evaporation and transpiration. Hourly surface
wetness is used to simulate surface susceptibility to erosion.

The Soil Submodel
Modelsdaily changesin soil surface and layer conditions in response to weather processes.

The Soil submodel is used to model daily changes in soil surface and layer conditions in
response to the weather processes of wetting and drying, freezing and thawing, and freeze
drying. Thesurfaceconditions considered include; roughness, crusting, aggregation stability
and sze, and bulk density.

The Crop Submodel
Models daily crop growth in response to weathe factors and waer stress.
The purpose of the Crop submodel isto model daily crop growth in response to weather

factors and water stress. This submodel accounts for biomass production and partitioning,
leaf and stem area growth, and plant height.

The Decomposition Submodel
Models daily decomposition of residues in response to weather.
The Decomposition submodel purposeisto model daily decomposition of standing, flat and

buried residuesin response to moisture conditions and temperature. Thefall rate of standing
residue is also modeled.

The Management Submodel
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Models cultural practices which affect a site's susceptibility to wind erosion.

The WEPS Management submodel responds to cultural practices that affect a site's
susceptibilityto wind erosion. Theseresponsesincludetheeffectsof the manipulation of soil
and biomass properties, which resut from management operations.

The Erosion Submodel
Models erosion pracess when wind speeds exceed threshold for the surface conditions.

Finally, the purpose of the WEPS Erosion submodel is to model erosion processes when
wind speeds exceed threshold for the surface conditions. It accounts for trapping and
emission of eroding particles, clod and crust abrasion, and surface rearrangement in response
to wind driven particle movement. The erosion submodel also simulates creep/saltation and
suspension. The PM 10 component of suspension is also estimated.

WEPS Interface

Field

® Size

® Shape

® Orientation

The graphical user interface makes WEPS simple to use for field simulations. Users can
easily create the field size, shape and orientation.

Barriers
® | ocate
® Select
e Modify

It also allows barriers to be located on the field borde's and their characteristics easily
selected from a drop-down menu. More specific modifications to selected characteristics
may be easily made.

Climate

® | ocation

Soil

® Select, modify
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Management
® Select, modify, build

The interface provides a smple method for the user to generate climate information by
location selection. Finally, the user may seledt a soil and modify its properties, as well as
select, modify, or build a management scenario.

Reports
The output and report options availablein WEPS provide reliable and accurate information
for evaluation. Information and estimates may be viewed either in summary or detail on;

annual soil loss, period soil loss, saltation/creep, suspension, PM 10, surface conditions, wind
energy, and boundary loss.

The Benefits

The Benefits of WEPS

® Accuracy

® Weather driven

® Simulation on adaily time-step

® Estimates|oss over entirefield

® Reflects effects of cultural practices
® Computed erosion in 2-D space

® Multiple output options

In summary, WEPS is a process-based model that is weather driven with a daily time-step
simulation. It estimates soil loss over the entire field and takes into account the effects of
cultural practices, computes erosion is a 2-dimensional space, and has multiple output
options for the evaluation of information.
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Tutorials: Module 2

A Simple Simulation
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Tutorials: Module 3

Details of Building a Simulation

User Manual Printed 6 November 2001



7.14 TUTORIAL MODULE 3 WEPS

User Manual Printed 6 November 2001



WEPS TRAINING OUTLINE 7.15

Training Outline
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