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Preface and Acknowledgments

Preface

Wind erosion isaserious problem on agricultural landsthroughout the United Statesaswell
astheworld. Theability to accurately predict soil lossby wind isessential for, among other
things, conservation 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 fields. 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 ssimple mathematical expression, readily solvable with the
computational tools available. Since its inception, there have been a number of effortsto
improve the accuracy, ease of goplication, and range of WEQ. Despite these efforts, the
structure of WEQ precludes adaptation to many problems.

The USDA appointed ateam of scientiststo take aleading roleincombining the latest wind
erosion science and technol ogy with databases and computers, to develop what should be a
significant advancement in wind erosion predidion technology. The Wind Erosion
Prediction System (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 auser friendly program that has the cgpability of simulating spatial and
temporal variability of field conditionsand soil |oss/deposition withinafield. WEPS 1.0 can
also simulate smple 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 isdesigned 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
1515 College Avenue

Manhattan, Kansas 66502

Phone: 785-537-5559
E-mail: weps@weru.sku.edu
URL: http://www.weru.ksu.edu/weps
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WEPS INTRODUCTION 11

| ntroduction

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 cultivated, agricultural fields.
WEPS 1.0 consists of the computer implementation of the WEPS science model with a
graphical user interface designed to provide an easy to use methods of providing inputs to
the model and obtaining output reports. WEPS was developed by the Wind Erosion
Research Unit (WERU) of the United States Department of Agriculture, Agricultura
Research Service.

The WEPS 1.0 User Manual is designed to provide information to different levels of users.
The minimum computer requirements and thestepstoinstall WEPS onto your computer are
describedinthischapter (Chapter 1) . Those userswho are completdy new toWEPS should
start with Chapter 2, the “Beginners Guide”. It is recommended that, as a minimum
preparation to use WEPS, the user should read the “Overview of the Wind Erosion
Prediction System”. Once WEPS has been installed on your computer, theuser shouldlearn
how to make a simple simuation run using the “Quick Start for WEPS 1.0". For users
interested in more details of the science behind WEPS, the chapter titled “ Science - How
WEPS Simulates Wind Erosion” (Chapter 3) is recommended. An even more detailed
description of the science of the WEPS model is available in the “WEPS Technical
Description” which can be obtaned from WERU. Moreexperienced usa's should become
familiar with Chapter 4, “How to Operate WEPS’, which goes into detail of how to use all
of the capabilities of WEPS 1.0. These defails are aso avalable in the *Online Help’,
accessiblethrough the toolbars on the WEPS 1.0 interface screen. Chapter 5, “ Using WEPS
in Conservation Planning” contains sections on ‘Interpreting Outputs’, ‘Special Fidd
Configurations', and *Using Barriers for Erosion Control in WEPS'. Chapter 5 also has
Exampl e problems which guides the user through exercises that describehow to use WEPS
to design conservation systems. Anindex to the WEPS User Manual isavailablein Chapter
6. Finally, the “Appendices’ Chapter 7 contains 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’. The Appendix dso contains
information for more advanced users such as a listing of ‘Submodel Report Flags and
Command Line Options' and WEPS ‘ Databases . Submodel Report Flags and Command
Line Options are set under the ‘ Configurations' tabs availablethrough the Main Screen of
theinterface. Certain permissions may be required to alter some of these flags and options.
Databases are described for the Weather, Soil, Crop, Management, and Operations sections
of WEPS.
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1.2 INTRODUCTION WEPS

Throughout thismanual, theterm * user” refersto theperson(s) usingWEPS 1.0to set up and
makeasimulation run. “Operator” refersto the producer or land manager whose actual 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 same screens as those illustrated in this manual.

WEPS is a model developed primarily for the use of the USDA, Natural Resources
Conservation Service (NRCS). Assuch, many of the capabilities of WEPS reflect the needs
of NRCSfor usein cultivated agricultural systems. However, WEPS has capabilitiesto be
used in other situations where wind affected soil movement is a problem. Please contact
WERU if you wish to use WEPS to predict erosion for situations other than traditional
cultivated agricultural systems.
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WEPS INTRODUCTION 13

Minimum Computer Requirements

The minimum recommended requirements to instdl and operate WEPSL.0 effectively are:
A persona compute (PC) with Windows 95/98 (48 Mb RAM), Windows NT (64 Mb
RAM), Windows 2000 (192 Mb RAM), or Windows XP (256 Mb RAM); 300 MHz
Pentium; 150 Mb free disk space on the hard drive; a CR-ROM drive for installation; and
aV GA color monitor with aminimum screenresolutionif 800 x 600 pixels. Contact WERU
iIf you need assistance.

| nstallation

For Windows operating systems, insert the WEPS1.0 CD into the CD-ROM drive. Click
[Start] [Run] and enter { w:/setup} where“w” representsthe driveletter for your CD-ROM
drive. Follow the instrudions on the screen. NOTE: See the “readme” file for up-to-date
installation instructions for this CD-ROM. Note that on Windows NT, 2000, and XP
machines, the user must either be logged in as*administrator” or have sufficient privileges
tosuccessfullyinstall WEPS 1.0. TheWEPSinstall programwill inform the user attempting
installation if they do not have sufficient privileges to perform installation.

WEPS1.0 is also available 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 updatestothe model. The download file consists of an executable filewhich will
install WEPS onto your Windows computer. Contact WERU if you need assistance at:

Phone; 785-537-5559
E-mail: weps@weru.ksu.edu .

User Manual Printed 21 July 2003



14 INTRODUCTION WEPS

User Manual Printed 21 July 2003



BEGINNERS GUIDE







WEPS BEGINNERS GUIDE: OVERVIEW OF WEPS 2.1
An Overview of the Wind Erosion Prediction System

Introduction

TheWind Erosion Prediction System (WEPS) isaprocess-basad, daily time-step model that
simulates weather, field conditions, and erosion. WEPS development was in response to
customer requests for improved wind erosion technology. It is intended to replace 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 sci entists. It
has a multi-agency commitment consisting of the Agricultural Research Service (ARS),
Natural Resource Conservation Service (NRCS), and Forest Service (FS) from the U.S.
Department of Agriculture, along withthe Environmental Protection Agency (EPA), theU.S.
Army Corps of Engineers, and Bureau of Land Management (BLM).

Objectives
Wind Erosion Prediction System The purposes of WEPS are to
(WEPS) improve assessment of soil loss by
p— wind from agricultural fieldsand to
User  J Files  |«] . provide new capabilities such as
tnterface | - o assessing plant damage, cal cul ating
N X Report f2____]____| suspension loss, and estimating
Saved | 'l PM-10 emissions from the field.
Inp?nrilun | [«» Hydrology :
Files Input : ¢ |
> Run ool vomeemen 1| B&Ckground
e . rojens| | . || Soil erosion by wind is initiated
T | | 'l when the wind speed exceeds the
| Climate T | [<> Soil I .

| | | T ! saltation threshold speed for a
| Sois 1:) : | given soil and biomass condition.
: . LS || After initiation, the duration and
i o l | ¥ — || severity of an erosion event depend
: anagement -{b : l<-» Decomposition : on the W| nd Speed and the
| | | v || evolution of the surface condition.
! Def;;l;:;;‘ion > | «>|  Frosion 1| Because WEPS is a continuous,
| | | || daily time-step model, it simulates
---------- : Weather | 1| not only the basic wind eroson

DATABASES | I
T sismonss | processes, but also the processes
that modify a soil's susceptibility to

Figure 2.1. Structure of the WEPS model. wind erosion.
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22 BEGINNERS GUIDE: OVERVIEW OF WEPS WEPS

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

Simulation Region
v In WEPS, the simulation region is
N Simulation afield (Flg 22) Users must input

region angle

the geometry of the simulation
region. Initial conditions must also
be specified for the surface and soil
Nonerodible layers. WEPS can output soil
region loss/deposition over selected time
intervals from the simulation
region. WEPS aso provides users
X with individual soil loss
components of creep-saltation,
0.0 >X | suspension, and PM-10 size

X DISTANCE fractions. Thesoil losscomponents
are particularly useful asan aid in
estimating off-site impacts of wind
erosion.

Wind
barrier

HOZBP—n=C =<

Figure 2.2. WEPS simulation geomeries.

Discrete Time and Space

Thetime step is controlled by the main program. To reduce computation time, 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) in the order shown in Fig. 1. Eachindividual 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 be initiated on any givenday of the year, typically when thereis
no growing crop. WEPS simulates conditions and soil loss on homogeneous simulation
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, soil
erodibility, crop growth, and residue decomposition in WEPS. The weather generator
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WEPS BEGINNERS GUIDE: OVERVIEW OF WEPS 2.3

consists of the programs WINDGEN and CLIGEN (Tatarko et a., 1995).

WINDGEN simulates wind speed and direction for WEPS (Skidmore and Tatarko, 1990;
Wagner et al., 1992). It was developed specifically for use with WEPS and gochastically
simulates wind direction and subdaily wind speeds when needed. A compact database
(Skidmore and Tatarko, 1990, 1991) devel oped for WINDGEN 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 Data 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 WEPSto generate an average
annual air temperature aswell asdaily precipitation, maximum and minimum temperatures,
solar radiation, and dew point temperature. Averagedailyair 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 HY DROLOGY submodel (Durar and Skidmore, 1995) estimates soil surface wetness,
accountsfor changesin soil temperature; and maintains a soil-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 Darcy’s Law.
Potential evapotranspirationiscal culatedusing arevisedcombination methodof Van Bavel.
Total daily potential evapotranspiration then is partitioned, based on aop leaf area index,
into potential soil evaporationand plant transpiration. Hourly potential soil evaporation rates
are esimated from the daily val ue based on soil water avail ability.

A soil's aggregation and surface state can dramatically affect susceptibility to wind erosion.
Thus, changesin soil and surfacetemporal propertiesares mulated dai ly by theW EPS SOIL
submodel (Hagen et al., 1995b) in responseto variouswesther processeslikewetti ng/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 as random and oriented roughness,
crust generation, coverage fraction, dendty, stability, and thickness, and loose erodible
material on crusted surfaces al0 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
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24 BEGINNERS GUIDE: OVERVIEW OF WEPS WEPS

avariety of crops and plant communities while accounting for water stresses. It calculates
daily production of masses of roots, leaves, stems, and reproductive organsand also leaf and
stemareas. Additional capabilitiesand modificationshave beenincorporated into the CROP
submodel to meet the need for predicting effects of agrowing crop onwind erosion. Some
of the factorsthat 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) stems of
young seedlings areroughly 10times more effective than leaves, on a per-unit-areabasis, in
depleting wind energy; 2) leaves are moresensitive to sandblast damage than are stems; and
3) decomposition rates of stems and |leaves are different.

The DECOMPOSITION submodel (Steiner et al., 1995) for WEPS simulatesthe decrease
in crop residue biomass from microbial activity. The decomposition processis modeled as
afirst order reaction, with temperature and moisture asdriving variables. Standing residue
issignificantly more effectivethan 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 typeand 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 uponwind erosion,
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, grazing, and burning. Each
individual operation is simulaed within the MANAGEMENT submodel as a series of
physical processes. Those processesinclude 1) soil massmanipulation (changesin 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 dkes that form oriented
surface roughness, changes in surface random roughness, and destruction of surfacecrusts);
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 material on a crust, and soil surface
wetness. If themaximum daily wind speed reaches 8 m/sat 10mand snow depthislessthan
20mm, the surface condition is evaluated on a subhourly basis to determine if erosion can
occur. The EROSION submodel simulation performsthefollowing functions: 1) calcul ates
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friction velocities based on the aerodynamic roughness of the surface 2) calculates static
threshold friction velocities, 3) computes soil |oss/deposition within each grid cdl, and 4)
updates soil surface variablesto reflect changes in soil surface "state” caused by erosion.

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 consultationswith users, the WEPS structure was designed with the
capabilitiesto meet the needs identified. Assuch, WEPS represents new technology and is
not merely an improvement 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 predictsaverage erosion along line-transectsacrossthefield, whereasWEPStreatsthe
field as two-dimensional. The WEPS EROSION submodel simulates soil loss/deposition
for grid areas over the entire simulation region. This feature allows users to "look inside"
by specifying arbitrary accounting regions within the smulation region and, thus, obtain
results averaged over selected grid areas within the accounting region (not available in
WEPS 1.0).

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

The largest contrast between the two technologies is that WEPS simulates a wide range of

processes to describe field surface conditions and wind erosion, whereas WEQ depends on
usersto input correct estimates of thefield surface conditions. Unfortunately, erosion does
not vary linearly with residue cover and other temporal field conditions. Therefore, simply
specifying average field conditions asinputs|li kely 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 modédling techniques used to simulate processes in WEPS vary. The WEATHER
submodel generates stochastic simulated weather variables. Mechanistic and statistical
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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 il and biomass
properties that affect the wind erosion processes were selected. Then, WEPS submodels
were designed to simulate the general processes that control both the surface temporal
properties and the erosion processes. Finally, parameters from the databases were used to
make the simulation of vaious processes unique for specific soil, crop, and management
actions.

I mplementation

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 a Windows, Unix, or Linux
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) has established several meansfor obtainingthe latest
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 contains all the information
WEPS. Specific WEPS information also can be obtained through E-Mail 4&:
weps@weru.ksu.edu .

Users without Internet access can obtain WEPS update infor mation by contacting:

USDA-ARS, NPA

Wind Erosion Research Unit
1515 College Avenue
Manhattan, KS 66502

Phone: 785-537-5559
FAX: 785-537-5507
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Quick Start for WEPS 1.0

WEPS is a complicated model with a potential for numerousinputs. However, for simple
simulations, WEPS is easy to operate. The following quick start guide will desaibe how to
makeasimplesimulationrun. Doubleleft click onthe Weps1.0icon on the computer screen
‘desktop’. Note: the NRCS standard is to stat WEPS from the ‘Start Menu' (e.g.,
“ Start>Programs>USDA Applications>SWEPS>WEPSL1.0”). TheWEPS1.0 main screenwill
then appear.

A Simple Simulation
For asimple simulation, only four types of information are entered on the main screen.

1 Describe the simulation field geometry.
a Select thefield dimensionsgeometry inthe panel 1abeled “ Simulation Region
Information”.

I Typein the goecific X-Length and Y -Length field dimensions.

b. Select field orientationinthepanel labeled“ Simulation Region Information”.
i Enter the specific field orientation (£45° max) relative to true north,
in the “Orentation’ box.

C. Select any barriers if present, in the panel labeled “Wind Barrier

Information”.

i. To place a barrier on the field, click the radio button © for the
desired side of thefield. Then select thetype of barrier for that side
of the field from thedrop down list = . Note that WEPS 1.0 only
allows barriers on the field borders. The barrier properties can be
viewed or edited by clicking the “Edit Selected Barrier” button at the
bottom of the barrier panel. To remove a barrier click the radio
button on ® | then select “none” from the drop down list.

2. Select afield location (for weather files).
a In the panel labeled “Location Information”, usethe mouse to select a State
and County from the drop down menus = . The closest weather stationsto
the center of the selected county will be loaded.

3. Select asoil.
a In the bottom panel of the window labeled * Soil’, use the mouse to select a
soil from the drop down “Template’” menu @ .

4, Select a management scenario.
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a In the bottom panel of the window labeled ‘MCREW’, use the mouse to
select a crop rotation from the drop down “ Template” menu @ .

Once these items are complete, click the ‘Run’ button |:| on the tool bar at the top of the
screen. You will then seeindicatars that WEPS1.0 isrunning. When the simulaionrunis
finished, the “WEPS Project Summary” screen will appear. 1f WEPS encounters an error
duringasimulation run, ascreen appears (* Send Email to WEPSSupport’) which allowsyou
to report the error to WERU. The user will be prompted to enter an email address and a
short message. If you areconnected to the Internet at the time of the error, clicking ‘ OK’
will email the report to WERU along with all files necessary to duplicate the eror so that it
can be addressed.

WEPS Project Summary
The Project Summary for asimulation run will automatically display at the conclusion of a
simulation run. To learn how to obtain more detailed output see the WEPS User Manual.

The Project Summary contains names of theinput filesaswell as other input parametersand
basic soil lossinformation by rotation year and the average annual for the total simulation.
Soil loss output in the Project Summary includes: Gross Loss whichisthe average erosion
withinthefield; Total whichisthe averagetotal net loss from the field; Creep/Salt which is
the average creep plus saltation net loss from the field; Suspension which is the average
suspension net loss from the field; and PM 10 which isthe average PM 10 net loss from the
field.

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.

Additional Information

WEPS has capability for many simulation run optionsaswel | asdetailed output. Consult the
WEPS 1.0 User Manual for complete details. For further information regarding WEPS
contact:

USDA-ARS Wind Erosion Research Unit
1515 College Avenue
Manhattan, K ansas 66502

Phone: 785-537-5559
E-mail: weps@weru.sku.edu
Web: http://www.weru.ksu.edu/weps
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I nterface

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 processes for asimulation run. A smple flow 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 thisdocument (Chapter 4, ‘How to Operae
WEPS)).

A simplified description of the

Wind Erosion Prediction System science model is provided laer in

(WEPS) this chapter. The inputs to the

science model reside in a series of

— o R ASCII input files. Theseinput files

tntertace | . Main are. a Windgen file (*.win), a

- —T____| Cligen file (*.cli), an initial field

— i ; || conditions file (*.ifc), a

tnput Run | Hydrobogy 11|  management file (*.man), and arun

5| Tnput | v || file(weps.run). The science model

________ Files |[€7] Management | 1] can be executed from the command

I i el 2 || line through the interface. When
I . I | . I )

L_Chmate P L S | WEPS is executed, the science

| ! ! Y || model readstheinput files accesses

| I 1 i< o || necessary databases, calls each

! ! : v || submodel daily and performs the

|| Management by | (<> Decomposition | | | simulation, and writes output files.

| | I v || Theoutput iswritten to one or more

| cropana |1} > Ersin ||| ASCII files. Although building the

|| Decomposition | ! || input files by hand, executing the

b i Weather | | model on the command line, and

DATABASES I

_________ .| interpreting the output files can be

SUBMODELS time consuming and confusing, the
WEPS 1.0 User Interface simplifies
this process.

Figure 3.1. A flow diagram of the WEPS science
model and User Interface.

The WEPS 1.0 User Interface is
writtenin Java. The interface can bethought of asa‘shell’ or *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 necessaryto create and edittheinput files.
A description of how to enter this informati on is given later in this document (Chapter 4,
‘How to Operate WEPS'). Once the field, location, soil, and management are described,
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pressing the* Run’ button performs a series of commandsto execute the sciencemodel. The
interface first calls the Cligen and Windgen weather generators which createthe Windgen
and Cligen files for the simulation. Then the WEPS science model is called and executed
asdescribed above. When the sciencemodel isfinished, theinterface reads and displaysthe
output file.

User Manual Printed 21 July 2003



WEPS SCIENCE: MAIN PROGRAM 3.3

Main Program

The MAIN program isthe portion of the science model which controlstheinitialization and
execution of aWEPS ssimulation run. It calls subrautinesthat read input data and outputs
the general report. In addition, MAIN cdls submodels on a daily basis, which update the
field conditions. If the maximum wind speed for the day exceedsaset velocity great enough
to cause soil movement (i.e., 8 m/s), MAIN then calls 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 thehydrol ogic and soil conditions, crop
growth, and residue decomposition; and accounts for management effects. Finadly, the
model determines soil erosion by wind for the desired simulation period.

Program Description

The current version of MAIN requires the following files for aWEPS simulation 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 conditions file which describes
soil conditions at the start of asimulation; d) atillage/management file which describesthe
management system; and €) two climate files, one each inthe 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 is executed as adaily loop that controls the countersfor the current day and
an embedded subregion loop. The model can perform any length of simulation on adaly
timestep. However, WEPS performsasimulation for onerotation cycletoinitialize surface
conditions before simulations of wind erosion are performed. For each smulation day, the
dailly 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 subregion loop. 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 determinethresholdconditionsand computesoil erosion. Findly,
the MAIN program calls subroutineBOOK EEPINGto account for field conditionsand soil
loss for periods throughout the rotation. CALTOT isthen called, which outputs a series of
user-selected output forms with general information about the simulation run.

The “WEPS Technical Description” provides a more detailed description of the science
behind WEPS and is availablefrom WERU. The current WEPS science model iscoded in
FORTRAN conforming to theANSI FORTRAN 77 and Fortran 95standard. Theinputsto
the science model residein aseries of ASCII input files. Theseinput filesare: a Windgen
file (*.win), a Cligen file (*.cli), an initial field conditions file (*.ifc), a management file
(*.man), and arun file (weps.run). The science model can be executed from the command
line or the interface. When WEPS is executed, the science model reads the input files
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accesses necessary databases, calls each submodel daily and performs the simulation, and
writes output files. The output iswritten to one or more ASCI| files.
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Weather Submodel

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 variables are also
needed to drive temporal changes in hydrology, soil erodibility, crop growth, and residue
decompositionin WEPS. Theweather generator of WEPS consi sts of the separateprograms
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 al., 1992). It was devel oped specifically for usewith WEPS and
stochastically ssmulates 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 a., 1987). It is used by WEPS to generate an
average annual air tempeaature as well a daily precipitation, maximum and minimum
temperature, solar radiation, and dew point temperature. Average daily airtemperature and
elevation for the site are used to calculate average daily air density 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 assophi sticated numerical modelsand super
computers, using climatological 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 meteorological variables 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; Coratis et a., 1978) curves were fit to the
monthly summary direction and speed distribution data. Historical wind data requires a
detailed station history and asufficient period of record (5 years minimum) to be suitablefor
wind simulation in WEPS. Therefore the coverage of historical wind stations is sparse in
some areas of the United States.

User Manual Printed 21 July 2003



3.6 SCIENCE: WEATHER WEPS

WINDGEN first determines the
wind direction for the day based
upon a random number selected
between 0 and 1. Since the wind
direction distribution in the
WINDGEN database specifies the
fraction of thetimethe wind comes
from each of the 16 cardina
directions (Fig. 3.2) for each
month, a cumulative frequency
distribution curve is created and
scaled to range from O to 1. Thus,
the random number selected
determines the wind direction for
that day.

WINDGEN then determinesthe 24
hourly wind speeds for the day.
Figure 3.2. The sixteen cardinal directionsused for 1hé is done by selecting 24
wind direction in WEPS. 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
speedsfor that day. The generator performs afew additional steps to ensure that it doesn’t
over or under estimate the | ong-term average wind speed (energy) that the summarized
historical wind datarefleadsand to group higher hourly wind speedstogether in the same day
rather than just randomly distributing them across several days. It also ensuresthat “cam”
hours (hourly wind speedslessthan 1 m/s) areaccurately reflected in the generated wind data
series.

After the 24 hourly wind speeds have been selected, WINDGEN then determines the
maximum hourly wind speed for the day and sets it to the “hour of maximum wind speed”
availablein the database for the current month. It then distributesthe 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.
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Hydrology Submodel

The HY DROLOGY submodel of the Wind Erosion Prediction System (WEPS) usesinputs
generated by other WEPS submodelssuchasWEATHER, CROP, SOIL, MANAGEMENT,
and DECOMPOSITION to predict the water content in the various layers of thesoil profile
and at the soil-atmosphere interface throughout the simulation period. Accurate simulation
by the other WEPS submodel srequires prediction of thedaily 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 (3.2

where SWC isthe amount of water on the soil profile in any given day (mm), SWCI isthe
initial amount of water inthe soil profile (mm), PRCP isthe 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 surfacerunoff (mm), ETA
Istheamount of daily actual evapotranspiration (mm), and DPRC istheamount of daily deep
percolation (mm).

Theamount of daily precipitation (PRCP) ispartitioned between rainfall and snowfall onthe
basisof the average daily air temperature If the average daily temperatureis 0°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 istreaed 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 submodel partitions the total 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 determinestheinfluence of ambient climatic conditionsby calculating
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 the soil profile
is estimated to be equal to the conductivity of the lowermost simulation layer, assuming a
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unit hydraulic gradient.

The HYDROLOGY submodel estimates surface runoff and infiltration for each ssmulation
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 then is added to the succeeding lower layer, whereit is stored with the
samemaximum storagerestriction. Thisisrepeated until completewater storageisobtained.
Any excess water 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 potentid 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 evaporationisadjusted to account for
the effect of plant residuesin the simulation region. Furthermore, the daily potential rates of
soil evaporation and plant transpiration are adjusted to actual rates on the basis of water
availability in the soil profile.

The HYDROLOGY submodd uses a simplified forward finite-dfference technique to
redistribute soil water with the one-dimensional Darcy equation 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 isrequired 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 aways available, the submodel provides altemative
options to estimate the hydraulic parameters of the water release curvethat are needed as
inputs to run the soil water redistribution segment of the submodel.

TheHYDROLOGY submodel predictsonan hourly basi ssoil wetnessat the soil-atmosphere
interface by using a combination of two techniques. The submodel extrapolates water
content to the soil surfacefrom the three uppermost simulation layers. A numerical solution
known as Cramer's rule (Miller, 1982) isused to obtain an estimate of the extrapol ated water
content at the soil surface by solving the three simultaneous equations that describe the
relationship between water content and soil depth for the three uppermost simulation layers.
Thesubmodel alsointerpolatesthe functional rdationship between surface-soil wetnessand
the hourly evaporation ratio.
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M anagement Submodel

Introduction

WEPS is expected to reflect effects of various management practices upon wind erosion.
Thediversity of current practicesapplied to cropland by land managers makesthisadaunting
task. However, WEPS must adequately simulate typical cultural pradices to accurately
assesstheir affects upon wind erosion control. The MANAGEMENT submodel isassigned
the task of handling the cultural practices applied by land manage's which affect the
soil/surface "date" 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, etc.
Therefore, the purpose of the MANAGEMENT submodel isto model what are considered
the major human-controllable adions that can affect the "system state” within WEPS, in
particular the system state varial es defining thetemporal soil and surface conditions.

Objectives

The MANAGEMENT submodel objectives are:

1 To model the primary human-initiated processesthat can affect asite's susceptibility
to wind erosion.

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

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

Assumptionsand Limitations

Several assumptionsand limitationshave beenimposed onthe MANAGEMENT submodel.
Thereasonsvary from simply limiting the scope of thesubmodel, to inadequate knowledge
of specific processes that may have a significant 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 rgpid drying
of the surface layer following tillage.
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Tillage speed is not included as an independent variable affecting how atillage
operation modifiesthe soil and surface. A "typical" tillage speed isassumedfor each
tillage operation upon which the affects upon the soil 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 is assumed to not influence how atillage operation affects the soil and
surface except for determining which soil layers are directly affected by atillage
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 compaction below thetillage zone 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 consdered. Certain zone-related tillage
operations, such asrow cultivator, will betreaed inamanner such that theresult 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 specifying multiple separae, non-contiguous
homogeneous subregions.

Ridge and dike geometric specifications (oriented roughness) will beprovided by the
user. If the tillage depth specified is not sufficient to create or destroy them (for a
particular tillage operation that doesso), the MANAGEMENT submodel will modify
the tillage depth accordingly to obtain the desired ridge and/or dike specifications.
Tillage operationsthat do not modify the current ridge and/or dikespecificationswill
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
adequatdy represented. In the future, soil layer boundaries may be adjusted
appropriately to accommodate tillage depths that 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 analyss. Future research
may provide statistically significant affeds that could then be modeled. These
properties may still changeamongsoil layerswithinthetillage zone dueto 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 thoseprimary physical
processes.

3. Develop a MANAGEMENT file format alowing 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 vialivestock.

When a management or tillage operaion is performed, it is ssmulated through a group of
individual physical processes that represent the total efects of that operation. The basc
individual physical processes to be modeled within the MANAGEMENT submodel of
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WEPS have been grouped according to thetarget of their actions and outlinedin Table 3.2.

Table3.2. MANAGEMENT submodel processes.

Action Process  Description
Crush The application of forcesto the sail to modify the soil
aggregatestructure by breaking down soil aggregates.
Loosen/  The process of decreasing soil bulk density and increasing
_ Compact porosity (incorporation of air) or the inverse process of
SO'_' Mas_s increasing soil bulk density by removingair from the soil.
Manipulation . _ _ _
Mix The process of uniting or blending of soil layer 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 Roughen  The process of madifying therandom surface roughness
Manipulation )
Crust The process of modifying thesoil surface crust
characteristics.
Bury/Lift The process of moving above ground biomassinto the soil or
the inverse process of bringing buried biomass to the surface.
Cut The process of cutting standing biomass to a prescribed
height.
Bl_omas_s 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 bt Addition of seedg/plantsto the soil.
Amendments
Irrigate  Addition of water to the soil.

Theunderlyingphilosophy behindtheMANAGEMENT submodel wasto attempt to devel op
physical law based representations, if possible, for each of the chosen physical processes.
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These processes are assumed to be independent with respect to each other and are to be
simulated sequentially, even though many of them occur simultaneously in the real world.
The order they are initiated in the submodel is dependent 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 checkson adaily basis for
any operationsto be performed on that day. If operationsareneeded, 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 repeated for the
next year(s) of simulation.

A single MANAGEMENT input file may include 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 devel oped and
incorporated into the CROP submodel to meet the need for predicting effects of a growing
crop on wind erosion. Young seedlings provide some protection from wind erosion.
However, not all plant parts are equally effective. Stems of young plants, on a per-unit area
basis, are roughly 10 times more effective than leaves in depleting wind energy. Other
differencesbetween leavesand stemsarethat, leavesare more sensitiveto sandbl ast damage
than arestems; and | eaf and stem residues decompose at different rates. To properly account
for these differences the CROP submodel gives daily estimaes of leaf and stem growth in
mass and area. At harvest, the ‘ grain’ is removed and the ‘straw’ may consist of leaves,
stems, and ‘ chaff’. In most casetheleaf and ‘ chaff’ residueisshort-lived and only the stem
residue may provide protection onalonger-termbasis. TheCROP 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 devel opment of
adequate cover, the amount of cover isdirectly proportional to the number of seedlings per
unitarea. Thehigher the number of plantsper unit areathe greater the cover provided by the
growing vegetation. To account for the differencesin cover duetoinitial plant density, the
leaf and stem area indexes at emergence (which are used by the EROSION submodel in
computations of soil 10ss) are calculated by multiplying the initial areas per plant by the
number of seedlings per unit area. Thusthe greater the number of seedlings per unit areaat
emergence, the greater the protection provided by the young seedlings from wind erosion.
The CROP submodel uses data inputs of plant, weaher, hydrdogy, and management to
estimate leaf mass, stem mass, reproductive mass, yield mass, ‘ chaff’ mass, and root mass
of ‘live’ plants (crops) on adaily basis. Other plant characteristics estimated daily are: root
mass by soil layer, rooting depth, plant height, and canopy cover.

Phenological devdopment

Phenol ogical development of the crop isbased on growing-degree-day (GDD) accumul ation.
Thecrop parameterfilefor 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 leaf senescence. CROP uses the same procedures
as EPIC for simulating annua or perennial plants, and winter or summer crops. Annual
plants 'grow' from planting to the date when the accumulated GDDs equal the potential
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GDDsfor the crop. For annual winter crops, such as wheat, GDD accumulation (therefore
growth) does not occur during the period of dormancy. Perennial crops maintain their root
systemsthroughout the year, although the plant may becomedormant after afrost. After the
end of dormancy, plants start growing when the average daily air temperature exceeds the
base temperature of the plant.

Emergence

Emergence occurs when the GDD accumulation from date of planting equals 6% of the
seasonal GDD. CROP does not account for effects of soil temperature, soil water, 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 tgp of the canopy is multiplied by the factor C to estimate the
amount of photosynthetically activeradiation (PAR). Theamount of PAR intercepted which
is calculated using Beer’s Law, is multiplied by a biomass efficiency factor to obtain net
daily dry biomass production.

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 nolimitation ingrowth. For any simulation day, the
minimum value of the water, nutrient, or temperature stress factor adjusts daily produced
biomass.

References
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Residue Decomposition Submodel

: Model Overview
LIVE DEAD The DECOMPOSITION submodel
; Standing |Tilage | Simulatesthe decreasein crop residue
Sepesence | Residue biomass due to microbia activity.
ABOVE | Standing| Tikige Decomposiion The decomposition process is
GROUND | 92 1| sepesence Y Thoge modeled as a first order reaction with
Tigge g:’sfgﬁg temperature and moisture as driving
; —— varigbles.  The total quantities of
Tedening blor_ngss remaining after.harvest are
BELOW | Root and | sehesence ¥ par'Fltloned between standing, surface,
GROUND | Crown T“kgp o ”|Subsurface | | b_urled, and root poql_s. B_elow ground
Biomass | Residue biomass decomposition is calculated
for each soil layer. Figure 3.3 depicts

the distribution of biomass between

Figure 3.3. Biomass distribution and transfer .
residue pools.

between residuepools.

Since residue decomposition can require along period of time, crop residue biomassfrom
sequential harvests are accounted for in separae data pools using an indexing variable
(IAGE). Standing, surfece, buried, and root biomassfrom 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 pools one and two will
beappropriatefor the specific cropswhile biomasspool threewill have adecomposition rate
that reflects a slow rate of decomposition.

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

Mt - Mo* exp—kCUMDD (32)

where M, isthe present quanti ty of biomass (kg m) inthe standing, surface, buried, or root
pools; M, istheinitia biomass (kg m™®); k is acrop specific rate constant used to calculate
residue biomass changes (day™); and CUMDD is aweighted-time variable cal culated from
functionsof temperature and moisture. Optimum moisture and temperature conditionsresult
in the accumulation of 1 decomposition day for each day of the ssmulation. When moisture
or temperature limit the 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 moisture in the residues is considered to decrease by 60 % eachday following the
wetting event. Both precipitation and soil moisture influence the moisture of surface
residues.

Changesin 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 populationisrequiredin order
to evaluate stem areaindex (SAIl) and itsinfluence on aerodynamicresistance (Stener et al,
1994). The equation used to predict residue cover from flat residueisfrom Gregory (1982).

Modifying Variables Due to Tillage Oper ations

Onaday of tillage, the distribution 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) ineach 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 residue biomass, 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. Calculatetemperatureand moisturefunctionsand accumul ae 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.

References

Gregory, J. M. 1982. Soil cover prediction with various amounts and types of residue.
Trans. ASAE. 28:98-101, 105.

Steiner, J. L., H. H. Schomberg, C. L. Douglas, Jr., and A. L. Black. 1994. Standing
stem persistence in no-tillage small-grain fields. Agron. J. 86:76-81.
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Soil Submodel

I ntroduction

All the soil propertiesthat control soil wind erodibility vary with time. Hence, theobjective
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 individual 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 maor processes that are simulated, and the temporal
variablesthat are updated by the soil submodel. For anin-depth discussion of the equations
used in the Soil submodel, seethe Soil Submodel Technical Document (Hagen et ., 1995).

Spatial Regime
Inthe Soil submodel, the spatial regime
is considered to be uniform in the
Soil Tayers horizontal directionover thesimulation
Surface | region, but non-uniform inthe vertical
L e e L/~ i| direction(Fig.3.4). Hence thevertical
2 (40 mm) I E L / /4| direction is divided into layers in each
_ : o i| soil profilee. Some of the layer
i I ./ / /| boundariesareselectedtocoincidewith
A s I T : /i thelayersdetermined by theNRCS Soil
¥ Survey of each soil. Layers one and
e llagedept FTTTTTTTTo © two are initially set at 10 and 40 mm
S ariabley I : 7 (0.39 and 1.57 inches), repectively, to

allow simulation of sharp gradients in
temporal soil properties near the
surface.

Figure 3.4. Diagram representing the spatial
domain of the Soil submodel.

Soil Layering Scheme

Thehydrology and crop sub-model sof WEPS depend upon thesoil being stratified by layers.
Hydrology moves water up and down within the soil based upon the relative wetness of
adjacent layers. Crop estimates plant growth based upon several fadors, 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 views the
soil asaseriesof layers, each layer possbly having distinct physical characteristics but this
ISnot necessaxy.

WEPS divides the soil into layers based upon National Soil Information System (NASIS)
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input data. The layering schemerespects the underlying NASIS data. That is, no NASIS
layers are combined when creating W EPS 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.Preservetherelativesizes, 1:4:5:5, of thetop layersif theabsol utesize cannot be attained.

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

Processes Simulated and Variables Updated

The processes simulated and the variables updated are summarizedin Table 3.3. The effect
of the processes onroughness 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 size
distribution, for awide range of 0ils, these variables were first normalized using mean and
standard deviation of the variables for each soil seriesto give arange from 0 to 1 for each
variable. Thedriving processes werethenapplied tothe normalized rangesto determinethe
change in the normalized variable. Findly, the updated normalized values were converted
to the real values of these variables.
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Table 3.3. Soil submodel variae and process matrix.

Surface Processes Layer Processes
Soil Temporal Sprinkler Show
Variables Rain Irrigaion Melt Wet/dry Freeze/thaw Freeze/dry
Rough ness:
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 digribution 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.

References
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documentation: soil submodd. SWCS W EPP/WEPS Symposium. Ankeny, 1A
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Erosion Submode

Introduction

5 The objective of the erosion
N Simulation submodel is to simulate the
Frgwn sl components of soil loss/deposition
over arectangular field in response
towind speed, wind direction, field
- orientation, and surface conditions
region on asub-hourly basis (Fig. 3.5). In
WEPS 1.0 barriersmaybeplaced on
any or al field boundaries. When
X barriers are present, the wind speed
is reduced in the sheltered area on
»x | both the upwind and downwind
X DISTANCE sidesof the barriers The submodel

Fi 35, Sch e of Smulad : determines the threshold friction
Igure 5.o. ematic of simulation region velocity at which erosion can begin

geometry. Field orientation, end points of bariers, for each surface condition. When
ano! oppos.te corners of the.rectangular simulation wind speeds exceed the threshold,
region are input to the Erosion submodel.

Wind
barrier

HOZp—wn—=C

0,0

the submodel calculates the
loss/deposition over a series o
individual grid cells representing the fidd. The soil/loss deposition is divided into
componentsof saltation/cregp and suspension, because each has different transport modes,
aswell as off-siteimpacts. Findly, 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 Technica Desaiption

(Hagen, 1995).
S.F. random,

llat bioaias Surface Conditions Needed as

gufl ul;logriest l npUtS
<—’L Surface roughnessis represented by
0000000 both random roughness and oriented
e | roughness. The parameters used are
. >i< ;% >i standard deviation of the surface
=E e oo heights for random roughness and
cover cover cover the height and spacing of ridges for

oriented roughness.

Figure 3.6. Diagram illustrating components of flat _
surface cover inputs to the Erosion submodel. Surfacecover isrepresented onthree
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levels(Fig. 3.6). Inthefirst level, surface rock, aggregates and crust comprise 100 percent
of thecover. Inthe second level, the parameter isthe fraction of the crusted surface covered
with loose, erodiblesoil. When thereisno crust, this parameter isalwayszero. Inthethird
level, the parameter is the fradtion of total surface covered by flat, random biomass.

The aggregate density and sizedigribution are input parametersthat indicate soil mobility.
The dry mechanical stability of the clods/crust ae input parameters that indicate their
resistance to abrasion from impects by eroding soil. Surfacesoil wetnessis alsoinput and
used to increasethe threshold friction velocity at which erosion begins.

Uniformly distributed, standing
biomass is 5 to 10 times more
= F iyl effective in controlling wind
above biomass canopy ) .
erosion than flat biomass, and thus,
is treated separately. The wind
friction velocity above standing
biomass is depleted by the leaves
_T_ and stems to obtain the surface
_ friction velocity at the surface that
heane> | is used to drive erosion (Fig. 3.7).
1 Leaves are represented by a leaf
= 1| 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 illustrating friction veocity
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 occursinthree modes: creep-size aggregaes, 0.84-2.0mm
(0.033 - 0.079 in.) in diameter roll along the surface, saltation-size aggregates, 0.10 - 0.84
mm (0.004 - 0.033 in.) in diameter hop over the surface, and suspension-size aggregates, <
0.01 mm (0.004in.) indiameter move above the surfacein the turbul ent flow. Obviously,
variationsinfriction velocity, aggregate density and sediment load may change the mass of
aggregatesmovinginagiven mode. Saltation and creep aresimulated together, becausethey
have a limited transport capacity that depends mainly upon friction velocity and surface
roughness. The suspension component is simulated with no upper limit on its transport
capacity at thefield scale. A portion of the sugpension component alsois simulated as PM-
10, i.e., particulate matter lessthan 10 micrometers (0.0004 in.) indiameter that isregulated
as a health hazard.
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Top of control volume (diffusion zone)

Friction
Velocity
Suspension
= o
Discharge
Emission of Ahrasion of Breakage of
loose soil clodsicrust saltation/creep
Saltation/creep
TR e
Discharge
St '> O\_ o ->
ie 4
B

Trapping

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

331

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 stems/leaves,
and breakage of station/creep to
suspension-size.

Simulation of surface rearrangement is accomplished by allowing emissions to depletethe
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, because the transport capacity may be sdisfied, but abrasion

Suspension

HOQRETO®N=-C C=Qwn

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.

User Manual

of clods/crust continues to create
additional saltation/creep-size sall.

Typical behavior of the downwind
soil discharge simulated 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
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saltation/creep-size aggregates. Moreover, the suspension component has a transport
capacity many times larger than that of saltation/creep, so on large fields it is the
‘freightliner’ for moving soil and saltation/creep is merely the ' pickup truck’.

Outputs

The Erosion submodel calculatestotal, 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 saltation/creep, suspension, and PM-10. These
latter outputs are useful for evaluating off-site impacts in any given direction from the
eroding field.

References
Hagen, L.J.1995. Wind Erosion Prediction System (WEPS) Technical Description: Erosion

submodel. IN Proc. of the WEPP/WEPS Symposium. Soil and Water Conserv. Soc.,
DesMoines, |A.
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WEPS

DETAILS: MAIN SCREEN

4.1

Main Screen
Simulation Region
Menu Bar .
Button Bar Information
Wind Erosion Prediction Sy ©".am User Interface K§_wheat_fallow.wpj -3 x|
Project Configuration WiewOutput Run Tools Help
\D[=[a [*[r5][2)]e| ,
| Location
Simufation Run Information || Simuiation Ragion information Location Information < Information
Client Name  [Dustin Fields ¥length  [sz80 n e Kansas  ~|
Farm Mo. 7 Y-Length 5760 ft County Gove b
Tract No. o Area 540 ac Longitude 100.48 ’_W_‘
Field No. 11 Orientation |1 ® Latitude 28.92 li‘
. = # of man rotation cycles 5 Elevation 2657 ft
Simulation = CLIGEN Station 50 mi
Run Bartiers notto scale 1\ |IJI.IIN‘1‘ER 16 ¥ |
Inform ation Wind Barrior information WINDGEN Station 150 mi .
IN |none - y [MrLe crry a1 ¥ Fleld
® 5 |=mod> Snow fence - by View
(J'E |none - =1
W | <mod> Snow fence - i Notes
Mew Weps Run
| Edit Selected Barrier X Enter notes here
. “Lenigih
Wind 1 )
Barrier Notes
Information mcrew[[21[H soil | 2@ |Luseock_10aLu_too_siLie |

4

Management Crop Rotation Editor and Soil Select

Figure4.1. Main screen of the Wind Erosion Predidion System.

Thisis the WEPS main screen (Fig. 4.1) which should appear at the model startup. Each
section of the main screen is labeled with regard to its function. A description of each
sectionisin this Usar Manual.
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Toolbars

Menu Bar

DETAILS: TOOLBARS 4.3

Project Configuration YiewOuwtput Bun Tools Help

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

Project

The *Project’” menu brings up a drop down list of various operations pertaining to WEPS
projects. The Prgect menu contains the following options:

\4 v v v v

Configuration

[1 New - allows user to create a new project from scratch (Ctrl-N).

= Open - opens an existing project (Ctrl-O).

[ Save - savesthe currently displayed project to its current file name (Ctrl-S).
Save As - saves currently displayed projed.

Exit - exit the WEPS program (Ctrl-X).

The *Configuration’ menu currently has only one item, ‘Edit Configuration’ which brings
up a tabbed window with various configuration options for WEPS.
> ‘Miscellaneous’ - opens atab that alowsthe user to set the following:

User Manual

Display either Metric or Endish units on WEPS screens.

Enter the number of time geps used for the daily digribution of simulated
wind speed.

Check box to display thelatitude and longitudefields buttonin the“ L ocation
Information” panel on the Main screen. Un-checking the box, hides these
fields.

Check box to display the state and county fields button in the “Location
Information” panel on the Main screen. Un-checking the box, hides these
fields.

Check box to display the ‘Use Map” button in the “Location Information”
panel on the Main screen. Un-checking the box, hides this button.
Maximum distance search radius for the dimate station choice lists
(kilometers or miles). Typically one usesthe 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 wherethe adjacent station does not typify theclimate for the simulated
field.
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. Tooltip delays setsthe delay timefor theinitial appearance of the tooltip and
for the dismissal of the tooltip box from the screen.

‘Output’ - opens atab that allows the user to set the following output options:

. Reporting period for detailed submodel reports.

. Flags for submodel reports which give model devel opers and selected users
more detailed output than is available through the interface. See the
Appendix for flag numbersto set for submodel reports.

‘Email’ - opens email configuraion settings:

. Sender Addr - enter the default email address of the sender.

. SMTP Server - ente your mailhost SMTP server address.

. Comments- enter adefault recipient for comments tothe WEPS devel opers

. Bugs - enter adefault recipient for a bug report.

‘Run’ - opens a tab with run options:

. Run Length Type - click abuttonto select atype of run length as either the
NRCS method (specifies afixed number of cycles), use simulation run start
and end dates on the main screen, or specify the use of rotation cycles on the
main screen.

. Alternative weather files - click the check box next to the name of awesather
filetypeto use alternative weather file (e.g. measured wind data). Then enter
the file name and path or choose the file by clicking the foldericon 3.

‘Executables’ - opens a tab that allows the user to select executable files and

command line arguments:

. WindGen.exe - enter the path and file name for the default Windgen
executable.

. WindGen cmd - enter the default Windgen command line arguments (see
Appendix for argument list).

. CliGen.exe- enter the path and file namefor the default Cligen executable.

. CliGen cmd - enter the default Cligen command line arguments (see

Appendix for argument list).
. WEPS.exe - enter the path and file name for the default WEPS executable.
. WEPS cmd - enter the default WEPS command line arguments (see
Appendix for argument list).
‘Directories’ - opens a tab that dlows the user to sdect the directories used for
templates, skeleton files, databases, and projects:

. Man Template - enter the default drectory for the management templates.

. Man Skeleton - enter the default directory for themanagement skd eton files.

. Man Op DB - enter the default directary for the management operation
database files.

. Crop DB - enter the default directory for thecrop database files.

. MCREW Dir - enter the default directory for the MCREW configuration
files.

. Soil DB - enter thedefault directory for the il database files.

User Manual Printed 21 July 2003



WEPS DETAILS: TOOLBARS 4.5

. ProjectsDir - enter the default directory for the project directories and files.

At the bottom of this panel are threebuttons:

> OK - closes the configuration window.
> Save - saves any changes to the configuration window.
> Help - opens general help for the configuration window.
ViewOutput
This menu allows the user to view output for the current and previous runs.
> ‘Current Run’ - clicking on this menu item opens alist of output options.
. ‘Project Summary’ - open a brief output summary for the current project
(Ctrl+Shift-P).
. ‘Crop Summary’ - openasummary of yield parametersfor the current project
(Ctrl+Shift-Y).
. ‘Management Summary’ - open asummary of management operationsfor the
current project (Ctrl+Shift-M).
. ‘Detailed Reports' - open adetailed output for the current run (Ctrl+Shift-R).
. ‘Raw Output’ - open theraw output file used to create the detailed reports
(Ctrl+Shift-0).
> ‘PreviousRun’ - clicking onthismenuitem opensthefollowing list of output option.
. ‘Project Summary’ - open abrief output summary of a previous run project
(CtrI+Alt-P).
. ‘Crop Summary’ - open a summary of yield parameters for a previous run
project (Ctrl+Alt-Y).
. ‘Management Summary’ - open asummary of management operationsfor a
previous run project (Ctrl+Alt-M).
. ‘Detailed Reports - open the detailed output for a previous run project
(CtrI+Alt-R).
. ‘Raw Output’ - open theraw output file usad to createthe detailed report for

aprevious run project (Ctrl+Alt-O).
Run

This allows the user to run WEPS using the current project or restore other projects. The
‘Run’ menu on the WEPSMain Screen brings up the following options:

> ‘Make a WEPS Run’ - begin asimulation.
> ‘RestoreaWEPS Run’ - restores a previously loaded WEPS project.
Tools

This menu contain vari ous tools available for use with WEPS incl uding:
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> ‘Send Email’ - send email commentsto WERU, providing the computer isconnected
to the Interngt. The user can dso attach the current project andrun files.

Help
This menu contains help options for WEPS including:

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

Button Bar

N EREIE=EREIL

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

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

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

button saves the currertly displayed project to its curent file name. This
has the same function as selecting ‘ Save’ under ‘Project’ on the menu bar.

Run and Help
¥ This*Run’ button begins a simulation run.

‘Reload’ button allows the user to view the output window.
‘Email’ button allows the user to email comments to WERU along with the

contents of the current Project, if desired. Clicking the‘email’ button brings up
a separate window (see below).
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& Send Email ko WEPS Support

To: [weps-comments@nreru ksu.edu

From: [Enter vaur email address hete |

Subject: [wWEPS

it o

=lolx|

Erter your comments ar guestions hers,

‘ Send H Cancel || Attach Run || Attach Project

The user should enter an email
address and a short message. Click
the appropriate box at the bottom of
the window to attach the current
project and/or run filesto your email.
If you are connected to the Internet,
clicking ‘Send” will email the
message to WERU, along with any
attached filesso that your enquiry can
be answered.

“‘Question’ button opens the general help system for WEPS.

‘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.
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Field View

The Field View Panel (Fig 1.2) is located in the
Barriers notto scale ﬂ; center of the WEPS1.0 main screen. |t |SdeS|gned

to give the user aview of thefield size, shape, and
orientation (green). The placement of any barriers
present isalso displayed (red). Notethat if theratio
of length to width of the field or barriers is too
great to display to scale, this will be indicated
within the panel and an approximation of thefield
or barrier shape will be displayed. This panel is
for viewing only and is not editable.

‘-Hﬂue '?,A

F-Lengy

Figure4.2. Filed View Panel.

Simulation Run Information

) ) - Customer information for a simulation run is
Simulation Run Information entered by using the left panel of the WEPS1.0
Client Name  |Dustin Fields main screen (Fig. 4.3) labeled *Simulation Run

|
Farm No. 5 | Information’.
Tract No. 8 | .
. The Client Name as well as the Farm, Tract, and
Field Ho. [12] | . : ]
Field Number for the simulation run can be entered
HRCS mode

by typing theinformation inthe appropriatebox in
the panel. Note that there are three optionsfor run
length type. The NRCS mode specifies a fixed
number of cycles. Thisoptionislocked for NRCS
field use. Other users can specify asimulation run
start date and end date on the main screen, or
specify the number of rotation cycles to use on the main screen. The length of run is
controlled through the ‘Run’ tab on the ‘Configuration’ panel (see the discussion on
‘Configuration’ for more details).

Figure4.3. Simulation Run
Information Panel.
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Wind Barrier Information

] | A The wind barrier panel (Fig. 4.4) is used to add
Wind Barrior Information barriers to the field borders. Note that WEPSL.0
(@ N |Shrubs wioleaves(1r.. ¥ | | only allows barriers on the borders of the field.
() § |none v | The barrier for each field border islabeled ‘N’ for
{7 E |none - | north, ‘S for south, ‘E’ for east, and ‘W’ for west.
1wy [none = | || The barrier type can be selected from the drop
downlistinthepanel by clickingthedown arrow[=]

| Edit Selected Barrier | to theright of the barrier typeto bring up thelist of
available barriers and clicking on the appropriate

barrier. Once abarrier type is selected, the barrier

propertiesmay beviewed and edited by clicking the

Figure4.4. Wind Barrier ‘Edit Selected Barrier’ button at the bottom of the
Information panel. panel. A separate panel is opened where one may
enter the barrier width, height, and porodity in the
appropriate space. Note that the area of the barrier is displayed but cannot be edited. If
barrier properties are modified, it will be noted inthe type list with a‘<mod>" designation
before the type name. {If abarrier other than ‘None’ is selected but ‘ Edit Selected Barrier’
button does not open the properties panel, please click the radio button off © , then on ®
again.} Toremoveabarrier from thefield, click the radio button ® to select it (notice the
barrier will be * highlighted” when selected) then select the barrier type * Non€ to removeit.

Simulation Region Infor mation

j ] : ] The ‘Simulation Region Information’ pand is
Simulation Region Information | ghown in Figure 4.5. To describe the simulation
X-Length 5280 fit region, the field dimensions are entered as an X-
Y¥-Length 5780 ft Lengthand a'Y-Length. Note that the area of the
e 540 . region will be displayed but can not be edited. To
Orientation |1 E orient thefield direction, simply typeintheanglein

degrees of deviation from north of the field. Note
Figure4.5. Simulation Region that the field will only rotate in a range of +45
Information panel. degrees. By rotating and adjusting the field length

and width, the user should be able to obtain the
desired field size and orientation. Creating special shapes or configurations such ascircles
and strip cropping are discussed under “Using WEPS for Conservation Planning”.
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Choosing a L ocation

Choosing alocation within WEPS defines the physical location of thefield to be simulated.
Thislocation information is used within WEPS to select the weather stations (CLIGEN and
WINDGEN) to be used for the simulation.

Location information is entered through the rightmost

Location information panel labeled ‘Location Information’ on the main
St Kansas = interface screen (Fig. 4.6). Select the state and county
County | Ford v | of interest from the drop down list by clicking the
Longitude 89.09] W down arrow [£] to theright of the state and county. The
Latitude 3763 [N CLIGEN and WINDGEN 4ations nearest tothe center
Elevation g01|  ft of the selected county will then determined by the
CLIGEN Station 50 mi interface and listed. The longitude and latitude of the
| CIMARRON 25 | location can also be entered, which will bring up the
WINDGEN Station 150 mi nearest CLIGEN and WINDGEN stations. Once the
[DODEE CITY (AWDS) .4 stations are displayed, the user can click on the down
arrow [=] next to the stations to bring up alist of nearby

stations from which to choose an aternative station if

Figure4.6. ‘Location desired. The Stateand County aswell asthe Longitude
Information’ Panel. and Latitude fields are optional and can be addedto or

removed from the interface through the
‘Miscellaneous’ tab of the ‘ Configuration’ panel (see the discussion on ‘ Configuration’ for
more details). {Right dicking on the listed CLIGEN or WINDGEN station name in will
bring up information about the weather station. This information may be useful in
determining which station best fits the location and conditions desired. This feature is not
currently implemented.}

: [O[@f@ffioc <] Longtude: [035685 ° wuatiude: 24258275 ° I An alternative method to choosing
P s e ‘| a location is by using the map.
,-A;/ H | Clicking on the ‘Use Map’ button
L bringsup ‘Map Viewer’ withamap
I~ wind statons of the United States (Fig. 4.7). The
- —L..,.._, map can be ‘zoomed’ in or out by
A 2 selecting a % magnification from
I~ ey the dropdown list [+ at the top the
i [ | map viewer screen. Alternatively,

- - | the user may inaease or decrease

. | magnification by clicking the zoom
Figure4.7. Map Viewer window. in @ or zoom out & buttons and
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then clicking alocaion within the 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 | eft
mouse button and drag the map view to the desired location. Clicking the check boxesinthe
left side of the Map Viewer window will display county lines (must bezoomed at 400% or
greater), thelocation of CLIGEN stations, WINDGEN stations, and major citieson the map.
Double clicking a locaion 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
climatestationswithinastate or region. { Note! Thisfeatureisnot currently implemented.}

Notes
The user may aso type in notes for the run in the
jotes ‘Notes panel (Fig. 4.8). Thesenoteswill bedisplayed
HIEW SRS LN and can be edited on the Project Summary output

Enter notes here

report.

Figure4.8. ‘Notes Panel.
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Choosing a Sail

A soil for asimulation run is selected using the * Soil:" box on the right side of the bottom
panel of the WEPSL.0 main screen (Fig. 4.9).

mcrew|| Pi| T Soil |@@ |LUBBOCK_108LU_100_SIL ifc |

Figure 4.9. Bottom panel of the WEPS main screen with the soil box on the right.

The soil for asimulation run can be selected from the NRCS SSURGO database by clicking
the * Template folder’ || to the left of the soil name.

£ select SSURGD Soil -

@ [ KS063 - Gove County, Kansas =
@ [ 109LU - LUBEOCK SILT LoAM, 0TC 1 PERCENT SLOPES [
® [ 109BF - BRIDGEPORT LOAM, RARELY FLOODED
© [ 109UM - ULYSSES-COLEY SILT LOAMS, 5 TO 15 PERCENT SLOPES, ER

-m/xi] Clicking the Template folde will
open a window titled ‘Select
SSURGO Soil’ (Fig. 4.10).

Navigate through the database tree

& [ 171C0- COLEY SILT LOAM, 5 TO 15 PERCENT SLOPES

@ [ An - ANGELUS SILT LOAM, DCCASIONALLY FLOODED

@ [ Br- BRIDGEPORT SILT LOAM, OCCASIONALLY FLODDED
€[] Co - CAMPUS-CANLON COMPLEX, 3 TO 40 PERCENT SLOPES
@ [ Cd - CARLSON-CAMPUS COMPLEX, 1 TO 3 PERCENT SLOPES

toclick thesoil survey area(county)
desired. The soils files are listed
according to the soil map unit
symbol, soil map unit name, surface

@ [0 Cr- CARUSO LOAM, OCCASIONALLY FLOODED
@[3 Dx- DIX S0ILS, 6 TO 40 PERCENT SLOPES
@[] Ed - ELKADER AND MAMNVEL SILT LOAMS, 6 TO 15 PERCENT SLOPES
@ [ Eb- ELKADER SILT LOAM, 1 TO 3 PERCENT SLOFPES
@ [0 Ec - ELKADER SILT LOAM, 3 TO 6 PERCENT SLOPES
@ [0 Ha - HARMNEY SILT LOAM, 0 TO 1 PERCENT SLOPES
@ O3 Hb - HARMNEY SILT LOAM, 1 TO 3 PERCENT SLOPES
% O3 In- INAVALE SOILS, FREQUENTLY FLOODED
[y 100 - INAvALE
e S [ ]

Figure 4.10. The‘Select SSURGO Soil’ window.

texture, and local phase. Selecting a
soil then lists its components and
the percent each component
contributesto the map unit. Click a
soil component to highlight it and
click the* Select’ button [ss==t at the
top of the screen. Clicking the
‘OK’ button @K converts the soil
from the SSURGO database to a
WEPS soil file format (with an ‘ifc’ extension) and loaded. The loaded soil file name will
appear in the soil box window. Soils that have been previously loaded to projects or
modified and saved to another name can be opened by clicking on the “ Project folder” £,
This will open awindow where the user can select the desired soil or type in the sail file
name.

[4]

To view the soil data, double click on thebutton labeled ‘ Soil’, on the left side of the soil
box. Thiswill open the WEPS Soil User Interface screen (Fig. 4.13), which dlowsthe user
to view, edit, and save the soil information under a new file name under the project.
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EIWEPS S0IL WEPS Soil Layers M:\nasdb\Kansas\S ewardKS.nas [_[O] <] I
Filz Edit “iew Help
(wja@][s|[=][@] & |
Soil Identification
State County Soil Surrey Area Mame | S0l Surery ID | Map Unit Symbol | Component Mame | Component Percent | Soil Order | #of Layers
ImSeward Seward County, Kansas |KS174 Ce Caolby 100 ) entisals 3 )
(4] D]
Soil Surface Properties
Soil Crust Loose Material on Crust Roughness Ridge
Thickness Density Stahility Fraction Mass Cover Fraction Random Qrientation Height Spacing
mm Moim™3 Iniikay mA2im"2 kaim?2 m*2im*2 mm degrees mm mm
0.010 1725 3077 0.000 0.000 0.000 0.000 0.000 0.000
iz G e s G v
Soil Laver Properties
Sand Fractions
Thickness Sand Silt Clay Rack Coarse Medium Fine wery Fing
Fragments Dry
mm - kofkg —- m*3im*3 - kgfleg -
1 e Jeaso 0.540 0.210 0.000 0.025 0.015 0.045 0.140 1.360
2 150 0.250 0.540 ’D 210 1 0.000 0.025 0.015 '0.045 ] 0.140 1.380
3 |1170 0170 0604 0225 .EII][IEI 0.003 0.002 kEIEIEEI .I]13EI 1.380
[<E : L] [»]

Figure 4.13. WEPS Soil User Interface screen.
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Choosing and Editing a M anagement Rotation

Management rotation scenarios for asimulation run can be selected or arotation editor can
be opened by usng the * Management:’ box on theleft side of the bottom panel of the WEPS
main screen (Fig 4.14).

MCREWi @ @ arain_sorghum_till_test.man 50l] @ @ INAVALE In_100_LS.ifc

Figure 4.14. Bottom panel of the WEPS main screen with the management box on the
|l eft.

A management rotation for asimulation run can be sel ected frompre-generated management
files. Click the template folder @ in the management box which is located in the bottom
panel of the main screen (Fig. 4.14) and then select the management rotation desired from
thetemplatedirectory. The name of the management filewill appear inthe panel. The user
may al so select management files stored in project directory by clicking onthe project folder

Bl. Usually, management rotation files in a WEPS project are smply copies of those
selected from the “Template” directory, but they may have loca “project specific”
modifications. To open the Management Crop Rotation Editor for WEPS (MCREW),
doubleclick onthe‘ MCREW' button|mcrew]| , on the | eft side of the managemert box. This
will open the MCREW window (Fig. 4.15), which allows the user to view, edit, and save
management rotation information under a new file name.

& MCREW (Managemen h:“ 0 =10l x|
File Edit Configure Tools Help
| 0O || = || =] || % || || @," ‘bg'" kf?| Years in Rntatinn|2 Ratation hsl—‘""ea‘—fa""'"’ : ’||

Date »| Operation Name - Crops »|Tillage Direction »| Target Yield

May 15, 1 | wide-sweep plow (50" blade spacing) 05

Jul 15,1 Wide-sweep plow (60" blade spacing 05

Sep i, 1 Disk hatrow, tandern, inline (18" dia blades, 075

Sep 251 Drill - double disk openers (8" row spacing) |[wheat, winter, hard 04 0.00

Jul 20, 2 Harvest Small Grain (stripper)

Jan 1,1

Figure 4.15. Management Crop Rotation Editor for WEPS (MCREW) window.
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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 bar

File Edit Configure Tools Help

The menu bar consists of assorted menu options which provide access to MCREW’S
functions. Functions of the menu bar are discussed laer in this document.

2. Button bar

O | | £ | B3R % || O]

The Button toolbar consists primarily of buttons that provide quick access to some of
MCREW'’s most common functions. Functions of the buttons are discussed later in this
document.

3. Y ears in Rotation

ears in Rotation |2

On the right of the button bar, the user may view and edit the number of yearsin arotation
cycle.

4. Rotation

KS_wheat_fallow
1| [ »

Rotation

This window displays the name of the management rotation which is loaded. If the
management rotation name is too large, a scroll bar is provided so the user can view the
entire rotation name.
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5. Table View

Date o
May 15,1

Jul 15,1

Sep 1,1

Sep 25,1

Jul 20, 2

Jan 1,1

Operation Hame - Crops »| Tillage Direction » Target Yield
Wide-sweep plow (60" blade spacing) 0.5
Wide-sweep plow (B0" blade spacing) 0.5

[Disk harrow, tandern, inline (18" dia blades, § 0.75
Drill - double disk openers (8" row spacing) | wheat, winter, hard 0.4 0.00
Harvest Small Grain {stripper)

TheTableView displaysthe sequenceof operationswiththeir associated datesandany crops
planted in atabular forma. Spreadsheet style editing functions are availableto manipulate
the order, selection, and removal of operations and/or crops, etc.

Opening and

In WEPS 1.0,

Saving MCREW files

there are two primary locations that managemert rotation files exist

1 In the “Management Templ ates’ directory.

This is the location that complete or partial (single or multi-crop year)
management rotation filesarekept. Filesinthisdirectory alwaysshow up on
the management rotation selection choice lists. Typicaly, management
rotation filesto be used in WEPS projects are sdected from previously built
management rotation files or are constructed from several partial
management rotation fileslocated i n this directory.

2. Within a“WEPS Projects’ directory.

User Manual

The managemert rotation file used in a WEPS run is always located in that
WEPS project’ sdirectory. Therecan be morethan one management rotation
filein a WEPS project. The current management rotation file to be used
when making aWEPSrunistheone specifiedinthe“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 smply copies of
those selected from the “Template’ directory, but they may have local
“project specific” modifications
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J Once the user isin MCREW, rotation files can be

g Edit Configure Tools H saved in the desired location and/or other rotation
New Ctrl-MW filesopened for editing. The“File” menu contains
Open S0 al of these options, with the common functions

(“New”, “Open”, and “Save") also bang available

Open Copy of Template Ctl-7 on the icon button toolbar:

Save Ctrl-5
° New
SHENS il Opens an empty unnamed rotation
Save as Template file.
Exit
° Open
Brings up an “Open File’ dialog
box from which the user can select
the desired rotation file fram those
in the current project.
° Open Copy of Template

Brings up an “Open File” dialog box from which the user can select the
desired rotation filefrom 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.

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
Exits MCREW. If MCREW finds that the rotation file has been modified
and not saved, it will display a popup message and ask the user if they want
to saveit before leaving.

NOTE: Currently when one “Saves’ a management rotation file for the curent WEPS
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project, that fileisnot physically savedinto the current project’ 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 alist of physical processes, such as
residue burial, 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 viathe table view.

File [ Edit| Configure Tools Help The primary editing functions available are
’E Cut . J@ o apct?llewathe.‘EdH’ menu option. The table
— comy Ctil-C. view editing functions are:
EES‘IE Ctrl+ Shift-W .
: Delete Ctrl-D ;:;lr::rzgz ° Cut (Ctrl-X)
| Sort Ascending rrow, tanda Remove the currently selected
| Insert Row T operations from the rotation and
4| Cyvcle Forward - double dig storethemin atemporary buffer for
| Cycle Backward tSmall Grai possible pasting back into the
Jan 1,1 rotation later.

° Copy (Ctrl-C)
Copy the selected operationsfrom therotation and storein atemporary buffer
for possible future pasting back into the rotation.

o Paste (Ctrl+Shift-V)
Pastethe previously cut or copied operations above the sel ected operation (or
top one if more than one is selected).

o Delete (Ctrl-D)
Delete the selected operation (or bottom one if more than one is selected).

The “Cut”, “Copy”, and “Paste” buttons on the toolbar can also be used for those
operations.
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Sort Ascending
Sort the operations in ascending order by date.
Insert Row
Insert a blank row above the selected row.
Cycle Forward
Selecting this option causes the last year in the rotation to become the first
year in the rotation while the other rotation years cycle down one year.
Cycle Backward
Sel ecting this option causes the first year in the rotation to become the last
year in the rotation while the other rotation years cycle up one year.
Insert File
Selecting this option causes adialog box to popup and presert the user with
alist of management operation files (complete or partial rotations), from the
“Current WEPS Project” directory, for insertionabovethe sel ected operation
(or top one if more than one is selected).
Increment One Y ear

Bumpsthe “rotation” year of the selected management operations’ dates up
one year. This is convenient to adjust partia rotation (single crop year)
template files they are being inserted to build a new complete management
rotation file.

Decrement One Y ear
Bumps the “rotation” year of the selected management opeations dates
down one year.

Configure Optionsfor MCREW

This menu item is not implemented.

Tools

File Edit

Configure | Tools| Help The'Tools' menuitemlistsmany toolsand utilities

(D] @] & || sendEma " related to the use of MCREW.

Date

Aprt1a1

man to XML file
XML to man file
Update WEPS Management files | @ Send Email

Provides a method to communicate
with WEPS developers via email.
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o Convert WEPS management to skeleton XML
Convertsmultiple WEPS management filesin asingledirectory tothe NRCS
shared summary management file format.

° Convert WEPS Management to NRCS XML Format (Single File)
Converts a single WEPS management file to the NRCS shared summary
management file format.

® Convert NRCS XML to WEPS Format (Single File)
Converts single NRCS shared summary management files to the WEPS
management file format.

° Convert skeleton XML management to WEPS file
Converts multiple NRCS shared summary management files to the WEPS
management file format.

o Update WEPS Management Files
Updates management fileswith themost current crop and operdion database
parameters.

Help

File Edit Configure Tools |Help| The ‘Help’ menu item displays help options about
D)= ] &) &|@ sepropes s iy MCREW and includes:

| Ahout MCREW

° Help Topics
Opens awindow containing the MCREW online help system.

o About MCREW
Displays the current version of MCREW.
“Selecting” and “ Editing” viathe Table View

The primary editing functionsavailablein thetable view are accessible aright mouse button
drop down menu (Fig. 4.16).
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& MCREW {Management;/Crop Rotation Editor for WEPS = 5 Il:llil
File Edit Configure Tools Help

‘ O H = ” =] H &+ ” H E” e*h,” k’?| Years in Rotation |1 Rotation Frain_surghum_till_tes1.man

Date ,!Operatiun Name ,:Crups ,:Tilla_qe Direction ,:Tar_qet Yield e
Apr 15, 1 J.D.i-s.l.{.-ﬁarrow-,_tand"em,-inii.ne (18|nch dlablad I T i
H.SY z, L 'Ejisk harrawe, tandem, inline (18 inch== =
Jum 1, 1 Wide-sweep plow (60 inch blade sp SHLROS)
Jum Z, 1 " Planter- dauble disk apeners (300n Lopy Rowisy dayl
MNow 1, L "HarvestSmall Grain {cutter bar) PSR
i Delete Rowis)
Sort Ascending
Insert Row
Cycle Forward
Cycle Backward
Insert Management File
Drill Down Screen

Figure 4.16. Table view drop down editing menu.

To select asingle operation viathe table view, pressthe left mouse button after placing the
cursor anywhere within the row representing the desired operation. The row will be
highlighted. Additional rows can be selected by twomeans: 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
all the desired rows.

o Cut Row(s)
Removethe currently sel ected operaionsfrom therotation and storethemin
atemporary buffer for possible pasting back into the rotation later.

® Copy Row(s)
Copy the sel ected operationsfrom therotation and storeinatemporary buffer
for possible future pasting back into the rotation.

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

] Delete Row(s)
Delete the selected operation (or bottom one if more than one is selected).
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The “Cut”, “Copy”, and “Paste” buttons on the toolbar can also be used for those
operations.

Sort Ascending
Sort the operations in ascending order by date.

Insert Row
Insert a blank row above the salected row.

Cycle Forward
Selecting this option causes the last year inthe rotation to become the first
year in the rotation while the other rotation years cycle down one yesr.

Cycle Backward
Selecting this option causes the first year in therotation to becomethe last
year in the rotation while the other rotation years cycle up one year.

Insert Management File
Selecting this option causes adialog 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 above the sel ected operation
(or top one if more than one is selected).

Drill Down Screen
Opens a screen to access operation and crop parameters.

Increment Year(s), Month(s), or Day(s)
Bumps the “rotation” year of the seleded management operations’ dates up
one year. Thisis convenient to adjust partia rotation (single crop year)
templatefiles they are being inserted to build a new complete management
rotation file.

Decrement Y ea(s), Month(s), or Day(s)
Bumps the “rotation” year of the selected management operations dates
down one year.
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WEPS provides numerous outputstoaid the user in conservation planing. Theseoutputsare
accessed through the ‘ViewOutput’ menu on the main screen. Clicking on this menu
displaystwo choices, * Current Run’ and‘ PreviousRun’. Clickingon* Current Run’ di splays
alist of output options for the current run. The ‘Previous Run’ choice allows the user to
view results of previous runs. A description of the choices under these two submenus

follow.

Project Summary

The Project Summary report screen (Fig. 4.17) will automatically display at the conclusion

Field Dimension Information
X-Length : 160.. .. Area: 259 ha
¥-Length : 160.. .. Orientation:
Site Elevation: 801 ...
Weather Stations
Cligen Station : CIMARRON
Windgen Station: GARDEN CITY MUNI

xajafe)wl
WEPS Praject Summary
Project Name | Clusnjtworkiwepstwepst installprojectsikKS_wheat_fallow
Run Name ad Date Created  \Wed Jun 18 10:41:00 CDT 2003
Client Dustin Field
Farm No a Tract No 4 FieldNo 123
Soil INAYALE In_100_LS
Management |grain_sorghum_till_test
q‘\ Simulation And Site Information
Duration : 1 yis Mode: cycle
Longitude : 100.66 °E Latitude: 38.00 °N
County : Finney State : Kansas

10 =

Period Crop
(ka/m™)
Rot.yr: 1 sorghum, arain, 130,_'

Awe. Annual

Gross Loss

46.25
46.25

Met Soil Loss From Field (kofm®)
Creep/Salt. | Suspension
5414 40829
5414 40829

Total
48.25
46.25

PM10
0.8699
0.8659

Earriat

Type
W Shrubs wi leaves(2 row)
5 | Sarghum(2 row)

Height | Width  Porosity
m | m | fac

20 0.30

20| 050

50
20|

Mew YWieps Run
Enter notes hers

-

Figure4.17. The WEPS Project Summary screen.

User Manual

of a simulation run. If the Project
Summary screen has been closed,
the user can display the Project
Summary screen for the current
project or previously run projectsby
clickingthe*ViewOutput’ menuon
the WEPS main screen menu bar.

The Project Summary contains
names of the input files as well as
other input parameters and basic
soil loss information by rotation
year and the average annual for the
total simulation. Soil lossoutput in
the Project Summary includes:
Gross Loss which is the average
erosion within the field; Total
which is the average total net loss
from the field; Creep/Salt which is
the average creep plus saltation net
loss from the field; Suspension
whichisthe average suspension net
loss from the field; and PM10
whichistheaverage PM 10 net loss
from thefield. If any barrierswere
present on the field borders, a
summary of their propertiesis also
listed. Finally, any notesentered on
the main screen for the run are
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reproduced and they can be edited or added to if desired.

A button bar isincluded at the top of the Project Summary screen which allowsthe user to
close the window @K , save the notes to the summary & , print the summary & , open
generd help for thesummary % , and use the context helpk? .

Crop Summary
The Crop Summary report screen (Fig. 4.18) contains simulation run information including

the names of theinput files. It also contains a Detailed Report table and a Summary Report
table for each crop grown during the ssmulation run.

& crop Sumn -imx| The Detailed Report table gives
FIE3EE R | cropyield datafor each crop year in
Project Name C \usl’\mwnrk\weps\wepsﬂfﬁiﬁ\pﬁuﬁggsigj;:::iﬁllnw the S mu' ml On. The Summary
RunName |38 Date Created |Tus Jun 17 16:12:52 CDT 2003 Report table provi des 4atistical
Client Dustin Field
Farm No 123 TractMo |4 FieldNo 5 S_jmmary pararneters for eaCh
Soil INAYALE_In_100_LS . . .
Management | grain_sorghum_till_test rOtatl On year. For exarnpl e, It glv%
Rot | ¥rin Harvest Crop DryYield | Hamwest et Wiater the meaj I yl el dfor al | the s mu' &I On
Cycle | Rot Date Kame |bsfacre Index Yield Percent . ..
S R _ years that an individual crop was
oy sarghum, grain, 130 days 1058 0786 20,850 buac 9.3
2 1 1 Mow 1 sarghurn, grain, 130 days 11456 0750 22557 bufac 93 grOWn
3 1 1 Mow 1 sarghum, grain, 130 days 1727 0751 34.030 hurac 9.3
4 1 1 Mow 1 sorghum, grain, 130 days BE2 0.681 16.989 bufac 893
5 1 1 Movd sorghum, grain, 120 days 1417 0.750| 27.832 bufac a3 A button bar |S |nC| Lded aI the top
of the screen which allowsthe user
to close the window @K , print the
o s cop Satste | Dyves | et | v crop detail table & , print the crop
Rt Data Marme Tyne lasfacre Inees el
1 1 Mo 1 sorghum, grain‘wﬂb Mean 1242 07454 24,4718 huiac Summary tabl e @ 4 open general
St Dev 337| 00383 66364 huiac hel P for the WEPS % , and usethe
inimum 862 0.6810 169300 bufac
haximum 1727 0.7860| 34.0300 hufac ConteXt hd p *'? "

Figure4.18. The WEPS Crop Summary screen.

M anagement Summary

The Management Summary report screen contains simulation run information including
names of the input files.

A button bar isincluded at the top of the Management Summary screen which allows the
user to closethewindow 2K | print the management summary & , open general help for the
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WEPS ® , and use the context helphk? .

Detail Reports

The Detailed Reports screen (Fig. 4.19) provides a choice list where the user can select
various types of output. The features of the Detailed Reports Screen are described below.

Dutput for C:\usrjt\work'\weps'wepsL.install\projects\KS_wheat_Ffallow.w ‘ =13lx| A button bar |S |nC| umd at the tOp
i 7 2 .

Bkl of the Detailed Reports screen
seercrepar (Lo ik E which allows the user to close the
elect repol ‘ . . .

s i e e window 2K | print any detail report
Promes e & , open genera help for the
fe [l Q WEPS % , and use the context
T | = ooh helpk? . Below the button bar isa

1-14 Feb 1 feather (Summai 3 015 Trace & .
vttty l 25 o drop down report list labeled
1-14 Mar 1 [CTOP i 023 Trace | f ’ . .

rooss nee 2| [ BRI Select report’. Clicking the down
1-14 Bpr 1 nss Trace | . .

- — g om o9 e arrow '~ to the right of “Select
it s e report” displays the list of output
:;i ;x i :‘::«re::ujéwufiu sorghum, grain. 523 525 223 SE SS 10332 a\/al |ab| e' CI ICk the d%l red II g and
pete IR it will be displayed in the window
15-31 Jul 1 0.1 01 Trace 0.09 Trace | ¥ bel OW. The fol |0Wi ng iS a

Figure 4.19. The WEPS Detailed Reports screen description of each report screen.
showing the drop down report list.

Output Details
The Output Details report contains all of the erosion, weather, and surface information

available by period, by rotation year, and for the entire simulation run.
The columns of the Output Details report have the following information.

Date - This column contains the start and end dates (day/month/rotation year) of the

reporting period.
Operation - This column contains the management operation which occurred on the
specified date.
Wind Erosion
Average Totd Gross Soil Loss - The Average Total Gross Soil Lossisthe average
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erosion within the field, averaged across the field as
well as averaged over the number of simulation years
in each rotation year (kg/n? or tons/acre).

Net Soil Lossfrom Field
Average Total - The averagetotal net loss from the field(kg/n? or tons/acre).

Average Cregp/Sal. - This column contains the total creep plus saltation net loss for the
period, averaged across thefieldgrid areas, as well as averaged over
the number of simulation years in each year of the crop rotation
(kg/n? or tons/acre).

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

Average PM10 - This column contains the net PM10 soil loss for the period,
averaged across the field grid areas as well as averaged over the
number of simulation yearsin each rotationyear (kg/m? or tons/acre).

Mass of Soil Passing Indicated Field Boundary

Creep+Saltation - These columns display the average mass of creepplus saltaion size
material passing each field boundary (kg/m or tonsg/1000 ft) in the
direction indicated [4f] .

Suspension - Thesecolumnsdisplaythe average massof suspension sizematerial passing
each field boundary (kg/m or tons/1000 ft) in the direction indicated @ .

PM10 - These columns display the average mass of PM 10 (particul ate matter less than 10
microns) size material passing each field boundary (kg/m or tonsg/1000 ft) in the
direction indicated [4F] .

Within Field Wind Erosion Activity

The information in this section is usefu in determining how much of the fidd is actively
eroding and how much is not, which may impact what control measures, if any should be
applied and where. Thisinformation isdso useful in understanding how much of thefield
isactively eroding and thus may be causing plant or soil damage or how much is subject to
burial. Finally, this information is useful in undestanding how much of the field is
contributing to overall (net) field loss.

Saltation Emission Region
Soil Loss - This column displays the amount of soil lossfrom that area of thefield that
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had saltation emisdon (kg/n¥ or tons/acre).

FieldArea - Thesecolumnsdisplay both the area (acres or hectares) and fraction of that
area of the field that had saltation emission.

Deposition Region

Soil Deposition - Thiscolumn displaysthe amount of soil deposited inthat areaof the
field where deposition is the primary activity (kg/m? or tons/acre).

FieldArea - Thesecolumnsdisplay both the area (acres or hectares) and fraction of that

area of thefield that had deposition.

High Flux Region
FieldArea - Thesecolumnsdisplay both the area (acres or hectares) and fraction of that
area of the field which was near transport capacity.

Sheltered Region

FieldArea - Thesecolumnsdisplay both the area (acres or hectares) and fraction of that
area of thefield that had no saltation or suspension material being emitted.
Sheltered areas are typically those immediately downwind of barriers.

Weather Info

Average Totd Period Precip - This column contains the total precipitation for the
period averaged over the simulation yearsineach year
of the crop rotation (mm or inches).

Average Wind Energy >8 m/s - This column contains the average daily wind energy
for the period for winds greater than 8 m/s, averaged
over the simulation years in each yea of the crop
rotation (KJday).

Average Snow Cover > 20 mm - This column contains the total average fraction of

timethat snow cover onthefieldwhichisgreater than
20 mm in depth (mm or inches).

Average Biomass Surface Conditions on Date

Crop Vegetation (Live)

Canopy Cover - Thiscolumn containsthefraction of live aop biomass cover
(vertical view) at the period end, averaged over thesimul ation
years for the period listed (fraction).

Effective Standing Silhouette - Effective standing silhouette isthe standing
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silhouette area index of live plants expressed on a
fraction basis. If the plantsare planted in the furrow
as opposed to the ridge top, the index is adjusted
(down) to have less of an efect on the wind. These
are values at the period end averaged over the
simulation years in each rotation year.

Above Ground Mass - This column contains the total live crop biomass, above ground, at
the period end, averaged over the simulation 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).

Effective Standing Silhouette - Effective standing silhouette isthe standing
silhouette area index of dead plants expressed on a
fraction basis. If the plants are planted in the furrow
as opposed to the ridge top, the index is adjusted
(down) to have less of an efect on the wind. These
are values at the period end averaged over the
simulation years in each rotation year.

Flat Mass - This column contains the amount of fla 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 lbs/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/m? 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. Thesearevauesat the period end averaged over the
simulation years in each rotation year (fraction).

Standing Silhouette - Effective standing silhouetteisthe standing silhouette areaindex of
live plus dead plants. If the plants are planted in the furrow as
opposed to theridge top, the index is adjusted (down) to have less of
an effect on the wind. These are values at the period end averaged
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over the simulation years in each rotation year (fraction).

Flat Mass - This column contains the amount of flat live (air dried) and dead
biomass 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).

Standing Mass - Thiscolumn containsthe amount of standing live and dead biomass.

Theseare values at the period end averaged over the simulation years
in each rotation year (kg/n? or Ibs/acre).

Average Soil Surface Conditions on Date

Oriented Roughness

Ridge Orientation - This column contains orientaion 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 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).

Aggregation

Aggregates> 0.84 mm - Thiscolumnliststhefraction of aggregates greater than 0.84
mm. Aggregates > 0.84 mm are generally considered to be
non-erodible. Thisis the value at the period end averaged
over the simulation years in each rotation year.

Aggregate Stability - This column lists aggregate stability which is the log of crushing
energy of dry soil aggregates (In(Jkg)) and is related to abrasion
resistance. This is the value at the period end averaged over the
simulation years in each rotation year.

Crust Cover - Thiscolumnliststhe fraction of the soil surfacethat is crusted. Thisisthe
value at the period end averaged over the simulaion years in each rotation
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year.

Therowsin the Output Detailstable vary depending on the number of cropping yearsinthe
rotation and the number of management operations in each year of the rotation.

Each year of the rotation has output displayed for the two week periods as well asfor each
management operation date. Thisoutput allowsthe user to view the erosion and other output
for each year of therotation. At the end of each year in the rotation isarow 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.

Theremaining menu listitemson the Detail Reports screen follow and are generally asubset
of the Output Detail menu option described above.

Fiel d Loss (summary)

The Field Loss summary report displays average soil lossby rotation year and for the entire
simulation run. The values displayed include: Average Total Gross Soil Loss whichisthe
average erosion within the field; Net Average Total which isthe average total net lossfrom
thefield; Net Average Creep/Salt whi ch isthe average creep plus saltation net loss from the
field; Net Average Suspension which isthe average suspension net loss from the field; and
Net Average PM 10 which isthe average PM10 net loss from the field.

Field L oss (details)

The Field Loss detailed report dispays average soil loss by period, by rotation year, and for
the entire simulation run. The values dispayed include: Average Total Gross Soil Loss
which isthe average erosion within the field; Net Average Total which isthe average total
net lossfrom thefield; Net Average Creep/Salt which isthe average creep plus saltation net
lossfrom the field; Net Average Suspension which is the average suspension net loss from
the field; and Net Average PM 10 which isthe average PM10 net loss from the field.

Boundary L 0ss (summary)

The Boundary L oss summary report displays theaverage mass passing each field boundary
(kg/mor tons/1000ft)in thedirectionindicated[ |. These parametersarereported for each
rotation year and for the simulation run. The columns labded ‘ Creep + Saltation’ contain
the mass per unit boundary length of creep plus saltation size materid which passed thefield
boundary for each direction. The Suspension columns contain the mass per unit boundary
length of suspension size material which passed the field boundary for eachdirection. The
PM 10 columns contain the mass per unit boundary length of PM 10 size material which
passed the field boundary for each direction.
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Boundary L oss (details)

The Boundary L oss detaled report displays the average (by period, rotation year, and
simulation run) mass passing each field boundary (kg/m or tons/1000 ft) in the direction
indicated |:| . These parameters are reported by period, for each rotation year, and for the
simulation run. Thecolumnslabeled* Creep + Saltation’ contain the mass per unit boundary
length of creep plus sdtation size material which passed the field boundary for each
direction. The Suspension columns containthe mass per unit boundary length of suspension
sizematerial which passed thefield boundary foreach direction. The PM 10 columnscontain
the mass per unit bounday length of PM 10 size material which passed the field boundary
for each direction.

Within-Field Erosion (summary)

TheWithin-Field Erosion summary report displaysinformationfor varioustypes of erosion
activity by rotationyear and for the ssmulation run. Theseactivitiesincludeamountsaswell
as area and fraction of the field which had saltation emission and deposition. In addition
high flux and sheltered area and fraction of thefield are given. The high flux region is that
area which is near transport capacity. A sheltered area is one that had no sdtation or
suspension material being emitted. Sheltered areas are typicaly those immediately
downwind of barriers. Thisinformation is useful in determining how much of the fidd is
actively eroding and how much is not, which may impact what control measures, if any
should be applied and where. Thisinformation is also useful in understanding how much
of the field is actively eroding and thus may be causing plant or soil damage or how much
is subject to burial. Finally, thisinformation is useful in understanding how much of the
field is contributing to overal (net) field loss.

Within-Field Erosion (details)

The Within-Field Erosion detailed report displays information for varioustypes of erosion
activity by period, by rotation year and for the simulation run. These activities include
amountsaswell asareaand fraction of thefield which had saltation emission and deposition.
In addition high flux and sheltered area and fraction of the field are given. Thehigh flux
regionisthat areathat is near transport capacity. A sheltered areaisonethat had no saltation
or suspension material being emitted. Sheltered aress are typically those immediately
downwind of barriers. Thisinformation is usgful in determining how much of the field is
actively eroding and how much is not, which may impact what control measures, if any
should be applied and where. Thisinformation is also useful in understanding how much
of thefield is activdy eroding and thus may be causing plant or soil damage or how much
is subject to burial. Finally, this information is useful in understanding how much of the
field is contributing to overall (net) field loss.

Eroson (summary)
The erosion summary report displays all of the information available on erosion contained
inthe sectionsabovelabeled Field Loss (summary), Boundary L oss (summary), and Within-
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Field Loss (summary).

Erosion (details)

The erosion detailedreport displays all of theinformation available on erosion contained in
the sections above labeled Fidd Loss (details), Boundary Loss (details), and Within-Field
Loss (details).

Weather (summary)

The weather summary report displays average total precipitation, the average wind energy
for winds greater than 8 m/s (erosive winds), and average fraction of time that snow cover
on the field which is greater than 20 mm. These parameters are reported for each rotation
year and for the simulation run.

Weather (detail9

Theweather detailed report displays averagetotal precipitation, theaveragewind energy for
winds greater than 8 m/s (erosive winds), and average fraction of timethat snow cover on
the field which is greater than 20 mm. These parameters are reported by peiod, for each
rotation year and for the simulation run.

Crop (details)

The crop report displays average live aboveground biomass conditions that existed on the
end date for the period reported. The conditions displayedincludes canopy cover, effective
standing silhouette, and above ground mass. Canopy cover is the fraction of live crop
biomass cover from avertical view. Effectivestanding silhouette isthe standingsilhouette
areaindex of live plants. These values are standing silhouette area per area of soil surface
expressed as afraction. If the plants are planted in the furrow as opposed to the ridge top,
theindex isadjusted (down)to haveless of an €fect onthewind. Above ground massisthe
total above ground biomass.

Residue (details)

The residue report displays average dead above ground biomass conditions that existed on
the end date for the period reported. The conditions displayed includesflat cover, effective
standing silhouette, flat mass, and standing mass. Flat cover is the fraction of dead crop
biomass cover from avertical view. Effective standing silhouette isthe standing silhouette
areaindex of dead plants These values are standing silhouette area per area of soil surface
expressed as afraction. If the plants are planted in the furrow as opposed to the ridge top,
the index is adjusted (down) to have less of an effect on the wind. Flat massis the above
ground biomass that is lying flat on the soil surface. Standing mass is the above ground
biomass that isin a standing or upright position on the soil surface.

Biomass (detailg)
The biomass report displays average live plus dead above ground biomass conditions that
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existed onthe end datefor the period reported. The conditionsdisplayed includesflat cover,
effective standing silhouette, flat mass, and standing mass. Flat cover isthe fraction of live
plus dead crop biomass cover from a vertical view. Effective standing silhouette is the
standing silhouette areaindex of live plus dead plants. Thesevalues are standing silhouette
area per area of soil surface expressed as a fraction. If the plants are planted in the furrow
as opposed to the ridge top, the index is adjusted (down) to have less of an effect on the
wind. Flat massisthe above ground biomassthat islying flat on the soil surface. Standing
massisthe above ground biomassthat isin astanding or upright position on the soil surface.

Soil Surface (details)

The soil surface report displays average soil conditionsat the surface that existed on theend
date for the period reported. The conditions displayed includes ridge orientation, ridge
height, ridge spacing, random roughness, aggregates greater than 0.84 mm, aggregate
gability, and crust cover. Ridge orientation isthe orientation of the ridgeswith zero degrees
(0°) representing north/south ridges. Random roughnessisthe standard deviation of the soil
surface roughness height. Aggregates greater than 0.84 mm are expressed as afraction and
are those aggregates generally considered to be non-erodible. Aggregate stability isthelog
of crushing energy of dry soil aggregates (In(Jkg)).

Surface Conditions (details)
The surface conditions detailed report displays all of the information available on thefield
surface contained in the sections above labeled Crop, Residue, Biomass, and Soil Surface.

Raw Output

The Raw Output report screen provides a means of accessing output files of WEPS. A list
of selectable output files are available on the dropdown list labeled “ Select file to display”.
Thesefiles are generally for advanced users and model developers. For more information
on accessing and interpreting the raw output files, contact WERU.

A button bar isincluded at the top of the Raw Output screen which dlows the user to close

the window @K , print the opened file & , open generd help for WEPS % , and use the
context help ¥ .
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WEPS INTERPRETING OUTPUTS 5.1

Inter preting Outputs

Interpreting outputs of WEPS is an important part of controlling wind erosion through
conservation planning. By observing how the soil loss is affected 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 several different scenarios and
compare outputs to determine the best management to control wind erosion. Because of
runtimeissues, it is recommended that, for early comparisons, no more than five rotations
cycles be used for asimulation. Thiswill allow relative soil lossvalues for comparisons.
Once one or two scenarios are selected, more rotation cydes 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.

The following section outlines the content of the “ Output Details’ screen.

Date

This column contains the start and end date of the period for whichthe row information is
reported (start day-end day month rotation year). Itemsin each row represent values from
theend of the previous period tothe current date The datecolumn, 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.

The rowsin the Output Details screen 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 therotation has output displayed for thefirst two weeks and the 15" to the last day
of each month as well as for each management operaion date. Thisoutput allows the user
to view the erosion and other output for each year of therotation. At theend of each yearin
therotation isarow which containsthe average annual valuefor that rotation year. Thelast
row in the output form contains the average annual values for the complete crop rotation.

Operation

This column contai ns the management operation which occurred on the specified date. Itis
the management operation or the date of operation which most users will modify to affect
field conditions and thus wind erosion.

Crop
This column lists any crops planted on the date shown. Crop is obviously another choice
which the land manager may changeto control wind erosion.

Wind Erosion
The Wind Erosion columns provide a 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
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adjusting management dates and operations. If an erosion event occurred but values
generated by the model aretoo small to be displayed onthe output table (e.g. < 0.001 k/ m?),
then the amount islisted as “trace”. If amounts are to large to beaccurately displayed then
theamount islisted simply asgreater than (i.e., >) aspecified amount. Inthesecaseserosion
amounts are so large that they are generally unacceptable.

Average Totd Gross Soil Loss
This column contain the gross erosion within the field, averaged across the field aswell as
averaged ove the number of simuation yearsin each rotationyear (kg/m? or tons/acre).

Net Soil Lossfrom Field

These columns contain net soil loss from the field averaged over the number of simulation
yearsin each rotation year (kg/n or tons/acre). Some deposition within afield can occur
especially when barriers are present downwind. Net soil loss is the amount of gross loss
minus deposition. Total isthe averagetotal net lossfrom thefield; Creep/Sal isthe average
creep plus saltation net lossfrom the field; Susp isthe average suspension net loss from the
field; and PM 10 is the average PM 10 net loss from the field.

Mass Passing I ndicated 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). Thisinformationis useful in
determining how much material isleaving thefieldin each direction. For the creep/saltation
size, thematerial will maost likely be deposited on the field boundary such asastream, fence,
ditch, or road. If deposited in a ditch, subsequent rainfall way wash the material in to
waterways where it can affect water quality. If deposited on a roadway, the roadway will
likely need to be cleared. For suspension and PM10 sizes, the material may travel great
distancesaffectingair quality. Thematerial passing each boundary mayindicatethat barriers
may be needed on the 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.

Within Field Wind Erosion Activity

Theinformation in these columns isuseful in determining how much of thefield isactivedy
eroding and how much is not, which may impact what control measures, if any should be
applied and where. Thisinformation is also useful in understanding how much of the field
isactively eroding and thus may be causing plant or soil damage or how much is subject to
burial. Finally, this information is useful in understanding how much of the field is
contributing to overal (net) field loss.

Weather

The Weather columns provide a summary of some of the weather information for the
smulation run and help the user understand which peri ods are erosive and why.
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Average Total Precip.

Thiscolumn containsthetotal precipitation for the period averaged over thesimulation years
in each year of the crop rotation (mm orinches). Thissection is useful in determining how
precipitation amounts may be af fecting biomass production and roughness decay.

Average Wind Energy > 8nvs

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 Snow Cover
If thefield is covered with snow, it will be non-erodible.

Aver age Biomass Surface Conditions on Date
The Average Surface Biomass Conditions on Date columns provide asummary of average
surface conditions including crop biomass and soil roughness for the simulation run.

Crop Vegetation (Live)

These columnsprovideinformation on the structural configuration of livegrowing biomass.
By observing the canopy cover, the standing silhouette area index, and the above ground
mass, the user can determinewhich periodsarenot 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 areaindex, 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

These columns provide information on the structural configuration of both the live growing
biomassand the dead biomassor residue. By observing theflat cover, the standing sil houette
areaindex, the flat mass, and the standing mass, the user can determine which periods are
not providing sufficient cover to control wind erosion.

Average Soil Surface Conditionson Date

Roughness

For cropping systemsthat do not produce sufficient residuefor erosion control (e.g., cotton),
roughnessmanagement isoften used to reduce wind friction vel ocity at thesoil surface. This
reduces the amount of soil detachment and transport and increases deposition and thus soil
loss.
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Ridge Orientation

These columns refer to regularly spaced roughness elements caused by tillageimplements
such asridges, furrows and dikes. Ridge orientation, width, and height may be adjusted for
periods of high soil lossto determineits 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 aggregatesi ze distribution but isalso
affected by varioustypes of tillagetools. Random roughness valuesfor typical management
operations are listed in Table 5.1. Photographs (Figs. 5.1 - 5.9) can be used as a gude to
determine relative random roughness val ues.

Aqggaregation

Soil aggregatesize and aggregate dry stability affect erosionby wind. Soil aggregatesgreater
than 0.84 mm in diameter are generally considered to be non-erodible. Dry stability is
related to abrasion resistance where harder, more stable aggregates result in a lower
erodibility o the soil.

Crust Cover

A sail crust will resist abrasion and erosion more than a loose finely divides soil surface.
Generd ly, the more of the surface is covered by a crust, the lower the erosion that occurs.
Crust aretransient and generally represent a degraded soil quality and therefore should not
berelied upon to control erosion by wind. However ahigh crust cover may explain alower
erosion amount that would normally be expected.
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Table5.1. Random roughness valuesfor typical management operationsbased 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
Chisdl, straight point 15 Harrow, spike 0.4
Chisel, twisted shovels 19 Harrow, tine 04
Cultivator, field 0.7 Lister 0.8
Cultivator, row 0.7 Manure injector 15
Cultivator, ridge till 0.7 Moldboard plow 19
Disk, 1-way 1.2 Mulch threader 0.4
Disk, heavy plowing 19 Planter, no-till 04
Disk, Tandem 0.8 Planter, row 0.4
Drill, double disk 0.4 Rodweeder 0.4
Drill, deep furrow 0.5 Rotary hoe 04
Drill, no-till 04 Vee ripper 12
Drill, no-till into sod 0.3

Figure5.1. Random roughness of 0.25 inches (6 mm).
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Figure5.2. Random roughness of 0.40 inches (10 mm).

Figure5.3. Random roughness of 0.65 inches (17 mm).
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Figure5.5. Random roughness of 0.85 inches (22 mm).
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Figure 5.7. Random roughness of 1.60 inches (41 mm).

User Manual Printed 21 July 2003



WEPS INTERPRETING OUTPUTS 5.9

anaom roughness of 2.15 inches (55 mm).

; =

Figure5.9. R
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Special Field Configurations

Although WEPS 1.0 is designed to simulate rectangular field shapes, special fidd
configurations such ascircles or strip cropping can be smulated. By manipulatingthefield
shape to represent afield with the same area and rotating the field along with any barriers
many field shapes can be approximated.

field of equal area. Figure5.11 illustrateshow this
would be visualized. Note that the yellow dashed
circleis shown here to illustrate the circuar 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.

@ A circular field can be smulated using a square

Other field shapes can also be simulated with
KL ergum WEPS 1.0. A half circle can be represented with a
rectangleasillustrated in Figure5.11. Figure5.11
illustrates how anirregular field may be visualized

Figure5.10. Exampleof using a for afiled along a stream with filter stripsalong the
square field shape to approximatea  North and East sides.
circle.

k- .._.. _F:
o
=
=1
=
H-Length
H-Length
Figure5.11. Exampleof using a Figure5.12. Example of using a
rectangular field to simulate a hdf sguare field to simulate afield with a
circle. stream with buffers along two sides.
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fua-

#-Length

i

Figure5.13. Example field layout

for simulating strip cropping or grass

barriers.

Fields managed for wind erosion cortrol by strip
cropping (non-contour, linear) are simulaed with
each strip of unique management as an individual
rectangular field and the erosion |l ossesfor each strip
summed. For fields managed with grass strips, the
fields are simulated as individual strips with the
appropriatebarrierson either side. Theerosionloss
from one section of thefield is then multiplied by
the number of strips to obtain the soil loss for the
entirefield. Figure5.12illustratesafield layout for
simulating strip cropping or grass barriers.

WEPS 1.0 only allowstillage in one direction (e.g., Northwest/Southeast). In other words,
multipletillage directions such aswhere the operator tills parallel to each border of thefield
or acircular tillage pattern, cannot be simulated with WEPS 1.0. Observing the effects that
tillage direction may havefor the particular simulation may illustrate the need to alter tillage
directionsin the actual field to control wind erosion.
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Using Bar riersfor Erosion Control in WEPS

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

Perennial barriers are put in place for erosion control year after year. They provide
protection the entire year, even in the dry years that crop residues are absent, when sall
aggregation is limited (no clods), or when ridges created by tillage implements are fragile
become ineffective in severe wind storms. Annual barriers are used primarily to provide
temporary protection during the most critical wind erosion period and can be removed and
replaced every year. 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 erosi on control, but only on avery limited basis. Thereisusually avery high costin
material and labor to construct these barriers and their use is generally restrided to high-
value crops. They can also be used in sand dune areas to aid the initial stabilization of the
areas while grass and trees are being established.

Using WEPS, we can quickly determine the fid d edge wherethe 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 ingtalled will be
equally stripped, thus shorting the width of the field 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 change the field size by just typing in thefield
dimensions. See the section “Describing the Field and Barriers’ for more details on adding
and modifying field barriers.
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EVALUATING WIND EROSION PROBLEMSWITH 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 dof 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] I
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 QIPIante double disk openers (30" row spacing _[‘_‘][bean, snap (green) 0.0

Figure5.14. A two year rotation of spring peas and snap beans (green).

When we expand the two year rotationto include Early Potatoes, we can 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
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it into the existing rotation. The new singe year template for Early Potatoes begins when
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 asinstructed in
the earlier section on MCREW (Chapter 4). The single year cropping scenario for early
Potatoes should be saved asatemplate. Wewill saveit by clicking on “file” and then “ save
asatemplate’. Thelist of management fileswill drop down and we will go to the window
on the bottom of thelist called “ File name”, remove the * and thentype in the name single
crop scenariowearesaving. Tofinalizeweclick® Save’ on the bottom right of the window.
We now have a new 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 the three 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

@ Rotation: |WI_PDt_F'eaSpr_ElnsSnp_ ¥rs. of Rotation: |3_

ear:1 FEB MAR APR WAy UM JUL AUG
e S . | — T ?] E: ‘?‘ﬂ T T |? | — p—
| Zoamin | Zoom Out | [o1mimr > | »»
Date Operation Crop Tillage
mmiddiy Direction
(degrees)
040501 [“_‘]IDisk harrow, tandern, inline (18" dia hlades, 8" spacing) 23 on
04:20/01 [C|Cultivatar, Field, 8" shovels (3 ranks, 12" lateral tool spacing) E3 0.0
04725/01 glPlanter— double disk openers (30" row spacing) [Clneas, spring 0.0
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 DIHaNest 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

Figure5.15. A threeyear rotation of early potatoes, spring peas, and snap beans (green).
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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 acoeptable.

[ Management Crop Rotation Editor for WEPS Hi=] E3
File Edit Configure Sort Tools Help
m 2 | ' ' @ @ Rotation: I WI_Pot_SwCrn_Pea_SnB  Yrs, of Ratation: |4_ .
] MAR AFF Tl A JUIN JUL AUG
— B Zoom In | Zoom Out | [o1mior > | =
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

Figure5.16. A four year rotation of early potatoes, sweet corn, spring peas, and snap
beans (green).
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EVALUATING WIND EROSION PROBLEMSWITH 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 developinginto a 4 year rotation

* Thescenario for the problem is:

 Thefarmislocated in Marlboro County, SC

* TheCligen station is M cColl and the Windgen station is Eastover

* The Soil Map Unit used inthe evaluaion is. NOA - Norfolk LS

* Theorigina 2 year cropping system isCotton and Water melons

* Thefieldsizeis: x axis- 3500 ft.; y axis - 2000 ft.

* Orientation of field operations and rows is-45 degr ees

* Operations areperformed pardlel to x axis

* Theearly WEPS evaluations will berun 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 water melons including the datesand fidd
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_
5 MAR APR A JUIN JUL ALIG

[ ] AT il ??' 'f} I I'?' 1 '(?] [ ‘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

Figure5.17. A two year rotation of upland cotton and watermdons.
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*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)
11/01/01 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) - Water melons
05/05/02 Row crop Cultivator (48" inch rows)

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

07/10/02 Harvest crop

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 rotationor 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 available the next timeyou are building arotation that includesthat
crop.
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521

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: [SC_cofinPK_WIminDire Yrs. ofRotation: |3 |
ear1 FEB MAR APR MAY JUN JuL ALIG
™ e |
| < | Zoom In_| Zoom Out | [ormimt s

Date Operation Crop Tillage
mimiddhyy Direction

(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

Figure5.18. A three year 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)
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09/15/01 Defoliate

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

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

*Water melons

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) - Water melons
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 blades)

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 dik, 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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5.23

Below is the 4 year rotation of picker cotton, watermelons, 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
7 __: E ] @ Rotation: I SC_Cottn,Pkr_Wirmin,Diri Yrs. of Rotation: |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
mrnfddiyy 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 nglsk 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 nglsk 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

Figure5.19. A four year 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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10/01/01 Harvest crop (leave stalks undisturbed)
11/01/01 shred stalks

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

03/01/02 Chisdl plow - 2" wide straight pts.
03/20/02 Tandem disk, 18" diameter blades)
04/04/02 Planter - double disk opener (48" rows) - Water melons
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 Drrill - double disk openers (8" rows)

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

*Soybeans

06/07/03 Tandem dik, 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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Situation 2 - Continuous Tomatoes

This is another example problem that we will use to evaluate a wind eroson problem in
Charleston County, SC.

e The scenario for the problem is:

e Thefarmislocated in Charleston County, SC

» TheCligen station is Charleston and the Windgen station is Charleston

e The Soil Map Unit used inthe evaluaion is: NOA - Norfolk LS

» The continuous cropping system is Tomatoes

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

* Orientation of field operations and rows is-45 degr ees

* 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 isthe 1 year rotation of Tomatoes, including the datesand field operations(Fig. 5.20).

E%Management Crop Rotation Editor for WEPS [_ (O] x|
File Edt Configure Sort Toolz Help

@ Rotation: ISC_TmtosCont rs. of Rotatian: |1_

ear1 FEB MAR APR &Y JUN JUL ALG
—T T ]? T [‘?‘ﬁ?] k?] ‘? [l? T ]?I ——T ..]@..] | i 7 p—

] o | Zoom In !Zoom out | lmm_ > | =

Date Qperation Crop Tillage
mimfddiy Direction
(degrees)

021801 QlDisk harrow, tandern, inline (18" dia blades, 9* spacing) 3 0.0
02128001 gDisk harrow, tandern, inline (18" dia blades, 9" spacing) 23 0.0
03003501 Q[Lister- 40" row spacing (8" ridge height) 3 oo
0381 5501 DIPIanter— double disk openers (40" row spacing) |_ftomato, transplanted 4 0.n
03031101 [ClCultivator, rowe crop, 40" rowe spacing ¢3" ridoge hi) 23 oo
04115101 [ClCultivator, rowe crop, 40" rowe spacing (3" ridoe hi) Z3 oo
0453001 [CAlCultivator, rove crop, 40" rowe spacing (3" ridge hi) 3 0.0
061 501 ([|Harvest Crop (leave stalks undisturbed) 3
07531501 gDisk harrow, Tandem, Offset (20" dia hlades, 13" blade spacing) 23 0.0

Figure5.20. 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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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 problen that we will useto evaluateawind erosion problemin Marlboro
County, SC.

* Thescenario for the problem is:

 Thefarmislocated in Marlboro County, SC

* TheCligen station is M cColl and the Windgen station is Florence

* The Soil Map Unit used in the evaludion is. FaB - FacevilleL S

* The continuous cropping system is Cotton, picker

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

* Orientation of field operations and rows is-45 degr ees

* 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)
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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
File Edit Configure Sort Toolz Help

MAR APR AT JUN JUuL ALIG
| I i ?l ‘? ?| ‘35 | l‘? ' T"{?l' [ ‘ﬁ [ [
Zoom In | Zoom Out | IW > | =»
Cperation Crop Tillage
Cirection
(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

Figure5.21. 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)

11/02/01 shred stalks
11/15/01 Tandem disk, 18" diameter blades)
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WEPS EXERCISES: SOUTH DAKOTA 5.29

EVALUATING WIND EROSION PROBLEMSWITH 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

e The Soil Map Unit used inthe evaludionis. Craft Cv 85 VFSL

» Theorigina 2 year cropping systemisWinter Wheat-Fallow

» Thefieldsizeis: x axis- 2600 ft.; y axis - 2600 ft.

» Orientation of field operations and rowsis—North (0 or 360 degr ees)
* 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%j'h’lanagemenl Crop Rotation Editor for WEPS
File Edit Configure Sort Toolz Help
AER Rotation: [ SD_VWhEFallow vrs. of Rotation: [2
ear1 FEB MAR APR hA LI JUL ALG
1 I | [ ] | (N [ ] l] | E?l iz, ] 'I?l | | k?l [
e I = I Zoom In I Foom Dut! W LI bt
Date Operation Crop Tillage
mmfddiyy Direction
{degrees)
0ar sim [COlCuttivatar, Field, 8" shovels (3 ranks, 12" lateral tool spacing B 0.o
Q61 5001 [C|Cuttivatar, Field, 8" shovels (3 ranks, 12" lateral tool spacing) E3 n.ao
a7H &0 [COlCuttivatar, Field, 8" shovels (3 ranks, 12" lateral tool spacing E3 0o
090501 [Ca|Cultivator, Field, 9 shovels (3 ranks, 12" lateral tool spacing &3 0.0
0ar s [C3f0rill - hoe openers (12" row Spacing) [CAfehe at, winter, hard 0.o
a7romz ngantest Small Grain (cutter ban B3
09002 QIDisk harraw, tandem, inline {18" dia blades, 9" spacing) E3 n.a

Figure5.22. 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 rotation. We recommend the option of building the separate template for

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

Eg_{aManagemenl Crop Rotation Editor for WEPS

File Edit Configure SZort Toolz Help

EE @ Ratation: |SD_F0rage Sorghumxsuc  Yrs. of Rotation: |1

ear FEB : MAR b AFR : hAAY JUn : UL AUG
II]l]]]ll][ll]l?l‘?[ll|lllll

=== Zeomin | Zoom Out | 010101 > | >
Date Qperation Crop Tillage
mimiddiyy Diraction

(degrees)

0aM 001 QICuItivator, Field, 9" shovels {3 ranks, 12" lateral tool spacing) QI 0o
05720001 ngrill - douhble disk apeners (8" row spacing) leudangrass, hay, silage, ar 0o
0ama/o1 ngarvest {cut and remaove whale plant above cut height) gl

Figure5.23. 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 fidd
operations and the dates they were performed (Fg. 5.24).

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

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 |

ear] MAR APR hA JUI JUL ALIG

R I [ P e | [ | ] [ ? I 1 ]? I | | kﬁ, | |

o 2 | 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

Figure5.24. A three year rotation of winter wheat, fallow, and kane
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EVALUATING WIND EROSION PROBLEMSWITH 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 managemert scenario to be evaluated is:

e Thefarmislocated in Lubbock County, TX.

» TheCligen Station is Lubbock and the Windgen Station is Lubbock

e The Soil Map Unit used in the evaluaionisAmarillo 4 100 LFS

e Theoriginal Cropping system is Continuos Cotton, stripper

* Thefield sizeis 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_
FEHN R SRR G A R S S A e B AUG
?[]?T[ﬁ;fll] lll[[@l [l?f|?ll?l |
ZoomIn | Zaam Out | W 2 | 2>
Cperation Crop Tillage
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) (|

Figure5.25. A continuos rotation of cotton.
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Situation 2 - Cotton_Milo rotation

When we expand the 1 year cotton rotation toinclude 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 M CREW,
clicking on “File’, then click on “ New” and thiswill drop aclean M CREW screen down.
With the clean M CREW screen we just start entering dates and operdions asinstructedin
theearlier lessonsonM CREW. Thesingleyear cropping scenariofor Milo should be saved
asatemplate. Savingatemplatebeginsby clickingon*file’” andthen“ saveasatemplate’.
The list of dot man folders and files will drop down. Here we can open a folder 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 finalize we
click “ Save” on the bottom right. We now have a new single year Milo template and will
add it to our existing Cotton scenario.

Below isthe 2 year rotation of Milo_Cotton, including the datesand field operations (Fi g.
5.26).

E%-_": Management Crop Rotation Editor for WEPS

File Edit Configure Zort Tools Help

@ Ratation: ITX_MiID_Cttn,strpr Yrs. of Raotation: IZ_
gar1 FEB  WAR AR MAY JUNC UL AUG
?III‘?I]T]?I&?] []I|I?I [1T|Ikﬁl |
o | Zoom In | Zoom out | [oimimt | > | o
Diate Operation Crap Tillage
rrirmid divy Diraction
{dedrees)
0101501 r'|_‘||Disl-< harrow, tandermn, inline (18" dia hlades, 9" spacing) Ea 0o
02101501 [Cachisel plow - 2" wide straight pts (2 ranks, 12" lateral tool spa) E3 0o
03/01/01 ngisk harrow, tandern, inline (18" dia blades, 9" spacing) E3 0.0
031501 QlEIedder Ea oo
0515001 QiPlanter—dnuble disk openers (30" rowe spacing) [Cagmilo 0.0
o715 [Cacultivator, row crop, 30" rowe spacing (17 ridge hi) B3 oo
101501 [CO|Harvest Small Grain (cutter bar) Ea
01/01/02 glsmed stalks E3
001502 glmmdhnard plowy - 16" furrowr slice {no moldhoard attachments) E3 0o
0216502 ngisk harrow, tandermn, inline (18" dia hlades, 9" spacing E3 0o
3102 glEledder E3 oo
05/15/02 [:||F'Ianter— double disk openers (40" row spacing) [[fcotton, stripper 0.0
01502 [CfCultivator, row crop, 40" rowe spacing (3" ridge ht) Ea 0.0
o710z [Ccultivator, row crop, 40" rowe spacing (3" ridge hi) B3 oo
a7i15/02 [Cacultivator, row crap, 40" rowe spacing (3" ridge hty Ea oo
11/01/02 CO|Harvest Crop (leave stalks undisturbed) B3

Figure5.26. 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.

E%Management Crop Rotation Editor for WEPS
File Edit Configure Sort Tools Help
| Rotation: |T}{_Cott0n_Wntr‘lNht,c0n\fI rs. of Rotation: |2_
AFPR Rl JURN JuUL AG
Zoom In | Zeom Out | [oimimo | > | >
Date Cperation Crop Tillage
mrmfddiyy Direction
(degrees)

0201 501 ngisk harrow, tandem, inline (18" dia hlades, 9" spacing) (i 0o
a3miom glEledder 3 0.o
0511 501 [:||F'Ianter— double disk openers (40" row spacing) [Cafcotton, stripper 0o
061 501 [CafCuttivator, row crop, 40" row spacing (3" ridge ht) 3 n.ao
70101 Ca|Cuttivator, row crop, 40" row spacing (3" ridge ht) (i n.a
Q7 501 CafCuttivator, row crop, 40" row spacing (3" ridge ht) 3 n.ao
101 &01 (Ca|Harvest Crop (leave stalks undisturbed) 3
1001 6101 ngisk harrow, Tandem, Offset (20" dia blades, 13" hlade spacing) 3 n.ao
1001 7501 ngriII - double disk openers (8" row spacing) [Cafheat, winter, hard a0
06120002 (alHarest Small Grain tcutter bar 3
Q720002 Cafchisel plow - 3" wide twisted pts (2 ranks, 12" lateral tool spac) 3 0.0
09 502 Cajcuttivator, Field, 9" shovels (3 ranks, 12" lateral tool spacing) 3 0.0
10831402 Cajculttivator, Field, 9" shovels (3 ranks, 12" lateral tool spacing) (| 0.0

Figure5.27. A two year rotation of cotton and winter wheat.
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Tutorials;: Module 1
An Overview of WEPS

Wind erosion isaserious problem on agricultural landsthroughout the United States aswell
astheworld. The ability to accurately predict soil lossby wind is necessary 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, the US
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 - sail 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, the most widely used method for assessing the average annual soil lossbywind
from agricultural fields. Dueto thelimited science and computational tools available at that
time, it was necessary to create WEQ as an empirical functiona 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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Withtheadvanced technology of today asignificant advancement inwind erosion prediction
technology isnow possible and overcomesthe fundamental weaknesses of WEQ. TheWind
Erosion Prediction System incorporates this new technology into auser-friendly simulation
model.

What |s WEPS?

Wind Erosion Prediction Sysem—WEPS
Process-Based

Continuous

Daily Time-Step

Wind Erosion Model

WEPS is a process-based, continuous, daily time-step model that simulatesweather, field
conditions, and erosion usinga simple graphical user interface. WEPS has the capability of
modeling actual physical processes that are occurring in the field. Asa continuous, daily,
time-step model, it simulates not only the basic wind erosion processes, but also the
processes that modify a soil's susceptibility to wind erosion on a daily basis. Plus, through
the simulation of field barriers and varying fidd management practices, WEPS can
accurately predict the results of these practices on soil erosion.

FactorsUsed In WEPS

Where arethe WEQ factorsin WEPS?
Example: Sail Erodibility - | Factor - WEQ
Surface Aggregation

® Sizedistribution

® Dry stability

Crusted Surface

® Cover fraction

® Stability and thickness

® |_oose, erodible material on crust

Each of the WEQ factors isaccounted for in WEPS. For example, the soil erodibility, or 1"
factor of WEQ is accounted for in WEPS through modeling surface aggregation in terms of
itsszedigributionand dry stability. The effects of crusted surfaces are modeled in terms of
the fraction of the surface covered by crust, crust stability and thickness, and the amount of
loose, erodible maerial on the crust.
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Smilarly, the K, C, L, and V factors of WEQ are accounted for in WEPS by multiple,
complex physical processes.

Why WEPS?

I mprove predictions of soil loss by wind
through new technologies

WEPS has been dev el oped to replace the ol der technol ogy of WEQ and improve the overall
predictions of soil 1oss by wind from agricultural fields.

M or e accur ateassessment of soil
loss from agricultural fields

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

Aid in designing mor eefficient and
Cost-effective erosion control systems

The simulation model makes it possible to design more efficient and cost-effective erosion
control systems...and accurately predict the effects of these control systems as relatedto 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
Deter mine offsite impacts
Estimate PM-10 emissions
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WEPS will aso provide additiona 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 micronsin size, know as PM-10.

Pur pose and Goals of WEPS

Purpose and Goals

® Planning soil conservation systems

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

Thegoal for WEPS i sto 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 isbased on erosion smulation modelsto 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 suspengon, which includes PM10. WEPS also simulates the process of
deposition that occurswhen particlesaretrapped in depressionsor residue and asthe surface
isrearranged by wind erosion.

What Does WEPS Simulate?

® Daily Weather

® \Water Balance

® Crop Growth

® Residue Decomposition
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WEPS simulates weather on adaily basis that drives processes or causes changes in water
balance or hydrology, crop growth, and residue decomposition.

Daily Changesin Temporal Field Conditions
® Soil aggregation

® Surface wetness

® Surface roughness

® Residue status (standing/flat)

WEPS simulates changes in temporal field conditions on adaily basis in terms of the soil
aggregation size and strength, surface wetness, surface roughness, and how much residueis
standing or flat.

Common Cultural Practices (management/land use)
® Tillage

® Planting

® |rrigation

® Harvesting

® Burning

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

2 Dimensional Spatiad Regions

® \Wind barriers

® Fields

® Uniform soil areas

® Common land use/management practices

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

The WEPS Difference from WEQ

How WEPS deter mines soil loss compared to WEQ

WEQ makes an erosion calculation along a single, transect that represents the unsheltered
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distance across the field. WEPS makes cal culations for many grid areas coveringthe entire
field.

The wind speed and direction in WEQ is congdered constant throughout the period being
evaluated. Wind directionin WEPS vaieson adailybasisand wind speed varies by the hour
within the day.

Barriersin WEQ only modify the unshdtered field length. In WEPSthe barrier type, height,
and porosity modify the wind velocity asit travels across the field.

WEQ considersthe crop and soil characteristicsto remain constant throughout the period of
evaluation. With WEPS, soil and crop characteristics change on adaily basisin response to
climate and erogon conditions.

Thesedifferenceswill produce more accurate soil |oss estimates as the processes simul ated

closely reflect the actual conditions on a daily time-step process throughout the period of
evaluation.

How IsWEPS I mplemented?

How is WEPS I mplemented?

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

The interface executes 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 allows for the selection, viewing, and printing of project output and
reports.

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

WEPS Submodels
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The Weather Submodel
Drives the fundamental physical processes simulated by the other six submodels

The WEPS weather submodel drives the fundamental physical processes simulated 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, and wind speed on an hourly basis.

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

Thepurpose of the WEPS Hydrology submodel isto model soil water balancedueto weather
conditionsand vegetation. Thissubmodel simulatesinfiltration, percolation, storage, runoff,
and deep drainage as well as daily evaporation and transpiration. Hourly surface wetnessis
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 thaving, and freeze
drying. The surfaceconditionsconsideredinclude; roughness, crusting, aggregationstability
and sze, and bulk density.

The Crop Submodel
Models daily crop growth in response to weather factors and waer stress.
The purpose of the Crop submodel is to 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.
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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
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
susceptibilitytowind erosion. Theseresponsesincludethe effects of the manipul ation of il
and biomass properties, which resut from management operations.

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

Findly, 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 surfacerearrangement inresponse
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

® Modify
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It also allows barriers to be located on the field borders and their characteristics easily
sel ected from adrop-down menu. M orespecificmodificationsto sel ected characteristicsmay
be easily made.

Climate

® |_ocation

Soil

® Select, modify

M anagement

® Select, modify, build

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

Reports

The output and report options available in WEPS provide reliable and accurate information
for evaluation. Information and egimates 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 entire field

® 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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Submodel Report FHags and Command Line Options

Submodel Report Flags

To generate various kinds of reports, a flag must be set. To set the option through the
interface use the output tab of the Configuration screen. A flag number is entered in the box
in the appropriate submodel. A flag of zero, ‘0', will result in no output generated to the
listed file. It should be noted that generating these files may create large file sizes and
significantly slow the execution of the WEPS model.

Submoded & flag no. file name(s)

Hydrology
1 hydro.out
2 water.out
3 hydro.out & water.out
4 temp.out
5 temp.out & hydro.out
6 temp.out & water.out
7 temp.out & water.out & hydro.out
Soil
1 soil.out
M anagement
1 manage.out
Crop
1 crop.out

Decomposition
1 dabove.out
2 dbelow.out
3 dabove.out & dbelow.out

Erosion
1 erosion.out

User Manual

description

daily output

hourly output for each day

generates both files

daily soil temperature output by layer
generates both files

generates both files

generates all threefiles

daily submodel output

daily submodel output

daily submodel output

daily above ground submodel output
daily below ground submodel output
generates both files

currently generates an empty file
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Command Line Options

Windgen 4
usage: wind gen4 -D -V -v -h -| -f dofile-o outfile -s# -x #-r#-b #-y#-u#-d #-?
-D debug flag
-V display version and exit
-V set the verbose option
-h do not display output title heading

-l display long (additional) output
-f dbfile specify wind database file (wind_gen.wdb)
-o outfile specify output file (stdout)

-Ss# specify station WBAN no.

-X # specify station database index no.

-r# specify random number seed (54321)

-b# specify beginning simulation (calendar) year (1)
-y # specify number of yearsto simulate (1)

-u# specify storm duration length in hours (6)

-d# specify number of daysto build stormsfrom (5)

Wind station WBAN code number required Note that only the "-f" option with the location
of the appropriate wind_gen database file to access is required for WEPS 1.0. All other
options are either automatically added internally by WEPS 1.0 or are optional. Those that
WEPS 1.0 automatically sets are:

-S#

_y H

-o outfile

Thosethat can be added to the command lineand should work within WEPS 1.0 are (NOTE
that | haven't verified them):

-D

-V

-X #

-r#

-b#

-u#

-d#

Those that can't be specified when wind_gen4 is run within WEPS 1.0 are:
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-?

Cligen Version 5.110

CLIGEN V-5.110 - Climate Generator w/ QC-SNDG
Usage: cligen

-S<state number>

-s<station ID number>

-i<input file name>

-o<output file name>

-b<beginning year>

-y<duration in years>

-f old WEPS record format

-F overwrite output file if it exists
-H omit header output
-r<random seed>

-t<Sim Type (WEPP: 4=SglStm, 5=Contin)>

-10 no interpolation (default)

-11 linear interpolation

-12 Fourier interpolation

-13 interpolation to preserve avgs
-V

-V verbose

-h, -2, -\? help

M ake surethereare no spaces between each flag anditsparameter. 1f command line options
are omitted, CLIGEN will interactively request the required information.

Note that the "-i" option with the location of the appropriate cligen databasefile to access,
the"-b" option specifying the start year (usually 1), "-t" option with value "5", and the "-F"
optionarerequiredfor WEPS 1.0. All other optionsare either automatically added internally
by WEPS 1.0, are optional, or not applicable when used with WEPS 1.0.

Those that WEPS 1.0 automatically sets are:
-SH
-S#
_y#
-ooutfile

Thosethat can be added to the command line and shouldwork within WEPS 1.0 are (NOTE
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that | haven't verified them):
-I#
-10
-11
-12
-13
-V

Those that can't be specified when cligen5110 is run within WEPS 1.0 are:
-V
-h
-?
-t# (with options values other than 5)

WEPS 1.0

Usage:

Valid command lineoptions:

-? Display this help screen

-h Display this help screen

-I Specify if initialization is done and if so, the # loops
0 = Noinitialization
1 = Runs one management cycle (default)
2 = Runs x management cycles

-S Vary type of valueinput for 1/3 bar, 15 bar water
0 = 1/3bar(vol) 15bar(vol)
1 = 1/3bar(vol) 15bar(grav)
2 = 1/3bar(grav) 15bar(grav)
3 = use texture based calc (default)
Override 1/3bar, 15bar, bulk density w/ texture estimate
-s Specify soil ifc file input format type
0 = new format (additional parms)
1 = old format
-P Specify path for project run directory
Must be specified if other command line switches are used.
Specifying only the path without the "-P" gption works only
when no other command line switches used.
E.g: weps path_to_weps.run
-R Erosion summary report debug sareen dump
0 = no report debugs to screen

WEPS
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1 = dump report debugs to screen
2 = dump more report debugs to screen

-E Generate stand alone erosion input file on simulation day
Specify -E2932 to output file on simulation day 2932

-e Generate stand alone erosion input file on DD/MM/Y'Y
Specify -e020901 to output file on day 2 month 9 year 1
Day and month must be 2 digits, Year can be 1 to 4 dgits

Default options are set to:
-11-S3 -s1 -P./ -RO -Ee(nofile)
42:wagner @chepil:~/work/weps/weps.src>

Notethat only the"-P" optionisrequired for WEPS 1.0. (It

must be the last option specified if more than one option is listed
because WEPS 1.0 appends the current WEPS Project Run directory
path prior to executing the WEPS science model.

The options that the WEPS 1.0 interface set automatically are:
-Ppath
WEPS 1.0 assumes that the user has specified the "-P"
(asthe last option) within the WEPS 1.0 configuration
panel without the "path”. WEPS 1.0 appends the path
of the current WEPS Project Run directory prior to
executing the WEPS sdence model.

Those that can be added to the commandline and should work within
WEPS 1.0 are (NOTE that | haven't verified them):

-1#

-SH

-St

-R#

-E#

-ett

Those that can't be specified when weps is run within WEPS 1.0 are:
-h
-?

7.17

User Manual Printed 21 July 2003



7.18 REPORT FLAGS AND COMMAND LINE OPTIONS WEPS

User Manual Printed 21 July 2003



WEPS DATABASES: WEATHER 7.19

Databases

Weather Database

Introduction

TheWind Erosion Prediction System (WEPS) requires wind speed and directionin order to
simulate the process of soil erosion by wind. These and other weather variables are also
needed to drive temporal changes in hydrology, il 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 adaily basis and wind speed on asubdaily basis.

WINDGEN istheprogram that simulateswind speed and direction for WEPS (Skidmoreand
Tatarko, 1990; Wagner et al., 1992). It was developed specifically for use with WEPS and
stochastically ssmulates wind direction and maximum and minimum wind speed on adaily
basis. Inaddition, WINDGEN providesthe hour 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 erosion models (Nickset al., 1987). Itisused 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 temperaure and
elevation for the site are used to calculateaverage daily air density within WEPS. CLIGEN
will not be describedin this document. However, those interested in CLIGEN and how it
simulates these variables should consult the WEPP documentation (Nicks and Lane, 1989).
Both CLIGEN and WINDGEN may be executed separately from the commandline, or they
may be executed together under amenu drivenprogram called'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. Evenwithadvanced technol ogy, such as sophisticated numerical model sand super
computers, using climatological 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 meteorologicd variables and use stochastic
techniques to determine likelihood of various levels of those variables.

Various model s have been used to describe wind speed distribution. A glanceat afrequency
versuswind speed histogram showsthat the distribution is not best described by the familiar
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normal distribution. Distributions that have been used to describe wind speed include the
one-parameter Rayleigh (Hennessey, 1977; Corotiset al., 1978), the two parameter gamma
(Nicks and Lane, 1989), and the two-parameer Weibull (Takle and Brown, 1978; Corotis
et al., 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 isto develop a
compact database. Although described elsewhere (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 databaseis
described further in Appendix C of Elliot et d. (1986). Datawere extracted from WERIS
tables and, in some cases, analyzed further to create a database suitable for our needs.

Weused datafrom WERIS, joint wind speed/direction frequency by month (e.g., Table 7.2),
to calculate scale and shape parameters of the Weibul 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)
are defined by:

Fu) = 1-exp[- (w/c)f (7.2)
and
fu) = dFw)ldu = (Kc)(ulc) ' exp[- (u/c)] (7.2

where u is wind speed, c is scale parameter (units of velocity), and k is shape parameter
(dimensionless) (Apt, 1976). Becauseanemometer heightsvaried from location tolocation,
al wind speeds (e.g., Column 1, Table 7.2) were adjusted to a 10 m reference height
according to the following:

u, = u(z,/z)" (7.3

where ul and u2 are wind speeds at heights z, and z,, respectively (Elliot, 1979).
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Table 7.2. Monthly joint wind speed/direction frequency values.

Wind Wind Direction

?21731 N NNE NE ENE E ESE SE SSE S SSW SW Wsw W WNW NW NNW Cam Tota
Cam .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 A A .0 A A 2 A 3 A 5 5 .6 A4 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 1.6 5 A4 5 .0 154

6 7 7 .6 4 .6 5 .9 .6 1.6 1.0 11 12 7 .6 3 5 .0 122

7 1.0 .6 .6 4 2 .5 4 .5 16 1.0 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 A .0 A 2 .8 4 2 3 4 3 A A .0 4.3
11 3 4 A 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 A 2 A4 1 A .0 .0 1.6
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 A 1 2 1 A .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 A 1 .0 .0 .0 .0 2
17 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 A .0 .0 .0 .0 a
18 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 A
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 2.9 4.9 3.8 51 49 122 6.8 8.9 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,

Fi@) = [(Fa)- F)/(1- Fp)] = 1- expl(u/c)] (7.4)

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. [7.6]).
Equation [7.6] was rewritten as:

1- F\(u) = exp[- (u/c)"] (7.5)

Then by taking the logarithm twice, this becomes:
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In[-In(1-F(u))] = -klnc + klnu (7.6)

If welety =In[-In(1- F(u))],a=-kInc, b=k, and x = Inu, Equation [7.8] may be
rewritten as:
y=a+ bx (7.7)

F,(u) was calculaed from information in tables like Table 7.27 for each wind speed group
to determiney and x in Equation [7.9]. Thisgave the 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 [7.6] as:

F@u) = Fy + (1- F)(1- exp[- (u/c)]) (7.8)

Wind direction distribution for each location was summarized by month fromthe"TOTAL"
row near the bottom of Table 7.27 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 WERIS sites from our datebaseif 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 remaned in a metropolis, we
picked the site wi th the best combinati on of the fol lowing: (1) maximum number of hours
per day observationswere 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 databasecurrently consists of statistical parameters
for 672 locations in the United States.

FromWERI'S, we obtained aratio of maximunyminimum mean hourlywind speed and hour
of maximum wind speed by month (e.g., Table 7.3). Tables 7.3, 7.4, 7.5, and 7.6 give
examples of wind information we compiled into a compact database.

Table 7.3. 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 7.4. 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 53 31 23 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 53 4.8 4.7
4 3.8 4.2 2.9 4.5 4.8 41 3.8 4.7 4.9 41 31 31
5 4.0 4.3 4.9 5.3 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 24.1 18.6 19.7 11.7 9.4
10 6.0 5.7 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 1.7 7.3 5.9 5.9 51 6.2 8.2 9.9 101
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 10 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 34 3.0 3.0 1.8 11 0.6 11 21 2.9 3.0 4.0
17 2.7 2.7 17 14 1.8 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).

Table7.5. 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 23 2.2 2.6 23 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 34 3.0 35 3.0 2.6 2.8 2.9 3.2 3.1 2.7 3.2
5 31 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 34 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 29 3.0 45
29 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 25 2.6 25 24 25 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 2.1 2.2 2.3 25 24 3.6 41 35 2.6 24 1.8 2.0
15 24 2.6 2.2 25 25 31 3.3 2.9 2.9 2.0 2.2 2.3
16 2.2 2.6 2.7 2.3 2.8 3.3 2.6 35 2.5 2.1 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 isfortotal wind. Values arefor Lubbock, TX
(Skidmore and Tatarko, 1991).
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Table 7.6. 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 80 8.2 8.8 8.3 8.0 7.6 5.8 5.0 6.4 75 7.5 7.9
2 82 9.2 9.0 8.6 8.3 7.6 6.0 5.7 7.3 7.5 6.7 8.1
3 66 7.8 8.0 8.3 7.9 7.2 5.8 5.8 5.9 7.0 6.5 6.8
4 65 6.5 7.8 6.9 7.3 6.3 5.9 5.2 5.3 6.2 5.7 6.3
5 6.0 6.3 6.7 6.4 6.6 6.3 5.2 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 51 51 4.2
55 6.4 7.2 7.2 7.4 6.8 6.0 55 55 5.3 4.8 5.2
5.9 6.1 7.5 8.5 8.0 7.5 6.3 58 5.9 6.2 58 52
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 54 5.0 5.2 5.9 6.4 6.0
13 6.7 6.8 8.3 8.8 7.2 6.4 4.9 4.4 53 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 53 4.6 4.5 4.4 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 5.9 6.3 6.4 6.7

Directions are clockwise starting with 1=north. Direction 17 is for 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.
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.89
.21
.91
.01

.74
.22

.98
.75
.37
.31
.16
.19
.41
.84
.37

.40
.84

.50
.70

.23
.16
.74

.96
.39

.25
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1 # 23065 USA KS GOODLAND

2 39 22 N 101 42 w 1112 19500009 19640322 ARW
3 2.4 2.8 2.6 2.2 2.5 2.4
4 7.7 8.2 10.1 9.4 6.8 5.6
5 4.6 4.0 5.7 5.6 5.8 5.1
6 2.3 2.9 3.5 4.0 5.8 5.9
7 1.3 1.6 2.5 3.2 4.4 4.3
8 1.1 1.1 1.9 2.6 3.2 3.4
9 1.8 2.4 3.7 5.2 6.2 5.9
10 2.5 3.9 6.0 6.3 8.2 9.0
11 5.8 7.2 8.2 10.5 12.9 14.0
12 6.0 6.9 7.2 9.4 11.0 13.4
13 4.7 4.5 4.7 6.2 5.7 8.3
14 8.2 7.2 5.5 5.0 4.3 5.0
15 16.3 11.8 7.9 5.9 5.6 4.0
16 6.6 5.5 3.6 2.5 1.9 1.5
17 8.7 7.7 5.7 4.2 3.8 2.8
18 10.6 10.8 8.7 7.7 5.8 4.2
19 9.4 11.5 12.3 10.2 6.2 5.2
20 7.89 8.11 8.61 8.15 7.03
21 6.99 7.07 7.26 6.83 6.49
22 5.08 5.36 6.08 5.90 6.26
23 4.80 4.36 5.89 o6.16 6.70
24 4.40 4.30 5.59 5.56 5.51
25 4.58 5.26 5.67 6.19 o6.064
26 5.01 5.73 6.85 6.85 7.14
27 5.99 6.41 7.42 8.13 7.82
28 6.26 6.63 7.65 8.12 7.76
29 6.14 6.64 7.31 7.50 7.25
30 5.62 5.23 6.28 5.95 5.81
31 5.18 5.18 5.42 5.22 5.22
32 4.71 4.49 4.89 4.62 4.00
33 5.27 5.39 6.09 6.00 5.37
34 6.77 6.93 7.86 7.93 7.27
35 8.05 8.71 9.67 9.10 7.41
36 2.32 2.41 2.29 2.70 2.43
37 2.82 2.51 2.59 2.54 2.83
38 3.07 2.87 2.56 2.88 2.6l
39 3.60 4.00 3.27 2.36 2.45
40 4.04 2.58 2.91 3.06 2.506
41 3.36 3.02 2.86 2.52 2.506
42 2.53 2.74 2.79 2.60 2.6l
43 3.14 3.02 2.91 2.93 2.97
44 3.20 2.74 2.71 2.85 2.62
45 3.48 2.78 2.67 3.02 2.67
46 3.26 3.23 2.78 2.90 2.69
47 3.84 3.42 3.36 3.24 3.37
48 3.36 3.37 2.67 3.1l6 3.09
49 3.17 3.18 2.29 2.62 2.67
50 2.42 2.32 2.20 2.16 2.07
51 2.45 2.50 2.42 2.39 2.58
52 1.4 1.4 1.3 1.4 1.4 1.4
53 12 12 11 14 15 15
User Manual
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.53
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4
2

7.25

3.1

6.2

2.8

1.7

1.1

0.8

1.5

2.6

4.6

5.2

4.4

8.7
15.4

7.3
11.2
12.1
11.4
6.72 7.77 T7.16
5.78 6.82 6.01
5.35 5.23 4.85
4.62 4.50 4.39
4.50 4.34 4.50
4.45 4.21 4.50
5.80 5.60 5.82
6.94 6.39 6.19
7.24 6.72 6.37
6.81 6.88 6.77
5.25 5.78 5.89
4.82 5.02 5.13
4.09 4.43 4.70
4.72 5.67 5.66
6.08 6.70 6.65
7.52 8.27 8.51
2.69 2.64 2.48
2.77 2.47 2.97
2.82 2.79 2.69
3.50 2.95 2.84
3.67 2.65 3.77
3.08 3.60 3.67
2.86 2.27 2.52
2.97 2.99 2.88
3.00 2.99 3.27
2.80 2.96 2.66
3.43 3.06 3.35
4.03 4.12 3.94
3.17 3.63 3.63
2.94 2.96 3.01
2.24 2.16 2.35
2.56 2.49 2.50
1.4
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M eaning of each item in the preceding example:

line ltem Meaning
number
1 # Starting mark
23065 A unique number (WBAN) associated with the WERIS
(Wind Energy Resource Information System) database site
USA Country
KS State

Goodland Name of the site
2 3922N Latitude of the location (39° 22' N)
101 42 W Longitude of thelocation (101° 42' W)
1112 Elevation (m)
19500609 Beginning record date (yyyymmdd)
19640322 Ending record date (yyyymmdd)
ARW A three |etter 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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3-18

19

20-35

36-51

52

53

References

DATABASES: WEATHER 7.27
E Estimated Wind, no anemometer

O Other

U Unknown

third letter

comszmo>»

W -- Recording agency

Air Force

US Department of Agriculture
Experiment Station

Navy

Weather Service

FAA

Other

Unknown

2.4 ... Wind direction distribution by month (column) and direction (16

rows).

9.4 ... Percent of time calm (no wind) by month.

7.89 ... Weibull scale parameter by month (column) and direction (16 rows),

C (m/s).

2.32... Weibull shape parameter by month (column) and direction (16 rows),

K.

1.4 ... Theaverageratio of maximum mean hourly to minimum mean hourly
observed wind speeds by month.

12 ... Average hour of maximum wind speed by month.

Apt, K.E. 1976. Applicability of the Weibull distribution to atmospheric radioactivity data.

Atmospheric Envir. 10:777-782.

Corotis,R.B., A.B. Sid, and J.Klein. 1978. Probability modelsof windvelocity magnitude

and persistence. Sol. Energy 20:483-493.

Elliot, D.L. 1979. Adjustment and analysis of datafor regiond wind energy assessments.
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November 1979.

Elliot, D.L., C.G. Hdlladay, W.R. Barchet, H.P. Foote, and W.F. Sandusky. 1986. Wind
energy resource atlas of the United States. DOE/CH 10093-4. Available from
National Technical Information Service, Springfield, Virginia.

Hagen, L.J. 1991. Wind erosion prediction system to meet user needs. J. Soil and Water
Conserv. 46:105-111.

Hennessey, J.P. 1977. Some aspectsof wind power statistics. J. Appl. Meteor. 16:119-128.

Nicks, A.D. and L.J. Lane. 1989. Weather generator, pp 2.1-2.19. InL.J. Laneand M.A.
Nearing (editors), USDA - Water erosion prediction project: Hillslope profile model
documentation. NSERL Report No. 2, USDA-ARS, National Soil Erosion Research
Laboratory, West Lafayette, Indiana 47907.

Nicks, A.D., J.R. Williams, CW. Richardson, and L.J Lane. 1987. Generating climatic data
for a water erosion prediction model. Paper No. 87-2541, International Winter
Meeting ASAE, December 15-18, Chicago, IL.

Skidmore, E. L. and J. Tatarko. 1990. Stochastic wind simulation for erosion modeling.
Trans. ASAE. 33:1893-1899.

Skidmore, E.L. and J. Tatarko. 1991. Wind in the Great Plains. speed and direction
distributionsby month. Pages245-263in: J.D. Hanson, M.J. Shaffer, and C.V. Cole
(eds.) Sustainable Agriculture for the Great Plains, USDA-ARS, ARS-89.

Takle, E.S. and JM. Brown. 1978. Note on the use of Weibull statistics to characterize
wind speed data. J. Appl. Meteor. 17:556-559.

Tribbia, J.J. and R.A. Anthes. 1987. Scientificbasisof modern weather prediction. Science
237:493-499.

Wagner, L.E., J. Tatarko, and E.L. Skidmore. 1992. WIND_GEN - Wind data statistical
database and generator. Paper No. 92-2111, International Summer Meeting ASAE,
June 21-24, Charlotte, NC.
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Soil Database

DATABASES: SOIL 7.29

The soil databasefor WEPS is derived from the National Soil Information System (NASIS)
developed and maintained by the USDA-NRCS. Below isalist of the dataelements which
are obtained from NASIS and a brief description of each.

Depthto top of horizon (cm) - The distance from top of the soil to the

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.g., soil survey area) - character

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

musym Map Unit Symbol - The symbol used uniquely identify the soil map 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

taxor der 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

top of soil horizon - integer
User Manual
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hzdepb

hzthk

texture

% claytotal

% sandtotal

% sandco

% sandmed

% sandfine

% sandvf

dbthirdbar

dbovendry

wtenthbar

wthirdbar
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DATABASES: SOIL WEPS

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

Soail texture - An expression, based onthe USDA system of particlesizes, for
the relative proportions of various size groups - character

Clay (%) - Mineral particlesless than 0.002 mm in equivalent diameer asa
weight percentage of the totd soil - float

Sand (%) - Minera partides 0.05 to 2.0 mm in equivalent diameter as a
weight percentage of the total soil - float

Coarse sand (%) - Mineral particles0.5to 1.0 mm in equivalent diameter as
aweight percentage of the total soil - float

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

Fine sand (%) - Mineral particles 0.10 to 0.25 mm in equivalent diameter as
aweight percentage of the total soil - float

Very fine sand (%) - Minera particles 0.05 to 0.10 mm in equivalent
diameter as aweight percentage of the total soil - float

Bulk density 1/3bar (Mg/n) - The oven dried wei ght of thelessthan 20 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 lessthan 2.0
mm soil material per unit volume - float

Water 1/10 bar (%) - The amount of soil water retained at atension pf 1/10
bar (10 kPa), expressed as a percentage of thelessthan 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 (%) - Theamount of soil water retained at atension pf 1/3 bar
(33 kPa), expressed as a percentage of the less than 2 mm, oven-dry sail
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wfifteenbar

k sat

cec’

ecec

om

caco3

phltolh2o

phOlmcacl2

fragvol

lep
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weight - float

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

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

Cation exchange capacity (meg/100 g) - Theamount of exchangeablecations
that asoil can adsorb at pH 7.0 - float. 1f 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 NH4OAc
extractablebases plus KCl extractable aluminum used for soilsthat have pH
<5.5-float. If thesoil hasapH <5.5, the effective cation exchange capacity
will be listed, if not the column is blank.

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

Calcium carbonate equivalent (%) - Thequantity of Carbonate (CO3) in the
soil expressed as CaCO3 as aweight percentage of the <2 mm soil - integer

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

Soil Reaction - pH (unitless) - A numerical expression of therelative acidity
or alkalinity of asoil using the0.01M 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 1/3 or 1/10 bar water content and oven
dryness. The volume change is reported as a percent changefor the whole
soil. - float
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The WEPS soil database format as downloaded from NASIS, isan ascii text file with each
element being separated by thepipe(|) symbol. Eachlayer isononeline, with various soils
listed one after another. Note that there are two places for pH and two for CEC. Only one
of each of these will be populated depending on the type of soil. So only one value should
istaken from thetwo columnstofill out the corresponding columnintheifcfile. TheWEPS
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. 7.28). Theshoot massispartitionedintoleaf, 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 isthe
ratio of thecumul ated growing degreedays at any time to the seasonal growingdegree days.
The crop reaches maturity when the heat unit index is 1. To perform these and other
operations the WEPS plant growth model uses crop parameters. 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

Reproductive
mass

Figure 7.28. Schematic of biomass partitioning in WEPS.

Daily
converted
hiomass

Crop Parameters

Accessing the crop parameters Many of thecrop database parameters can be accessed (i.e.,
viewed or modified) through the WEPS crop rotation editor. Double clicking on the folder
icon|a], on theleft 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 establishes that aparameter(s)
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
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acrop. Thisisalist of the common name of the crop, which may be followed by additional
descriptors when there are multiple entriesfor the same crop. For example, ‘ soybeans, MG
0, 95 days meansthat the name of the crop is soybeans bel onging to maturity group 0, and
takes about 95 days to mature.

= 5] Seedingtab (Fig7.29): Thistabhas
coor two yangbl es, ‘plant population

and ‘tillering factor’, that are read

Covae: || [ o “l | from the crop database. Plant

Seeding rﬁrowth Frost | Partitioning | Size | Decomposition populan on |S the number Of pl ants

) Broadcast Planting or seedlings per unit area. The

® Use Implement Ridge Spacing model assumes 100% germination

St Dl ) rate. The tillering factor is the
Crop row spacing: ¥ in number Of t| | | ers pel’ pl ant

Plant population: galar #acre Normally the model is run with the

Tilleting factor, seed pop to stem count: ] ‘Biomass adj ustment factor’ set to
@) Grow crop using baseline parameters 1.0. However, themodel canberun

() Use given hiomass and ratio adjustment factors by enteri ng the desired hiomass
e i ] adjustment factor. This choice can

be made by cliking on the ‘use

| SaveCroptoDatabase || OK || cancel | 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
productionwasinfluenced by processes other thanthose simulated inthemodel. Thedefauit
plant population (seeding rate) can be changed to suit the conditions being simulated. As
mentioned above plant population density will have an impact on amount of vegetative
cover, and therefore erosion rates, duri ng the early part of the growing period. It can also
have an impact on ‘yield'.

Figure 7.29. Seeding tab window.

Growth tab (Fig. 7.30): Thistab displays ten parameters from the crop database. First the
user must sel ect the mode of calcul ation; whether to use the‘ 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’. GDDyisthetotal growing degreedays 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 physiologicd maturity. For
perennia crops (e.g. dfalfa), DTM is the number of days from start of spring growth to
physiological maturity of seed. For perennials, the date of spring planting (or start of spring
growth) is not a data entry, but calculated internally in the Crop submodel. For root and
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& x| Vvegetable crops, DTM is the
Crop Parameters number of days from the
planting/transplanting date to
market ‘maturity’. Similarly, for
tropical fruit crops (e.g. pineapple)

Crop Mame: | wheat, winter, hard - |

Seeding rﬁrowth Frost | Partitioning | Size | Decomposition

e MOUTIE (spsieatis e DTM is the number of days from
g E“"' s"f’?:“ i :f"‘::sz‘“" planting to market maturity of fruit.
erennial Leguime (alfaiia, etc. .
) Spring Seed:d and(Warm Sea;on Annuals (cotton, sunflowers, corn, etc.) For Sugarcare’ DTM ISthe number
(@ Cold Season Annuals (winter wheat, winter canola) Of days from pl antl ng to the tlme
i Perennials (pasture,etc.) When the cane iS rea-jy fOI’ Cutti ng.
NI e R e For cover crops DTM is the tl'me
e osiREl e 0 from planting at thenormal planting
L s time to physiologcal maturity. If
i e 12 . auser feelsthat the default value of
L L b . DTM iseither too long or too short
Rl e 2 [y then the user should replace it to
e e e B9 ueqr morecorrectly represent thecultivar
T or variety being simulated. Since
i) Crop Matures in Heat Units shown DT M | S used | n | nternal
e T computations of GDD, it
pl T determlnes the length of the
Biomass conversion efficiency: 33 | gmaymaime growing season. If the user chose
the GDD, mode then the user must
| Save Crop to Database || OK || Cancel | ensure that the default GDDS
Figure 7.30. Growth tab window. 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 daysacrop may
take to mature than with how many growing-degree-days a crop takesto mature. However,
the GDD, method should be usad for cover crops that are planted out of season. It is
recommended that most of the remaining parameters in this tab should not be changed
without proper evaluation.

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
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through acanopy. This parameter isa constantin the equation used to convert light energy
into biomass. Values may range from 0.3 to 0.6 for crops with upright leaves, andfrom 0.6
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 temperature for plant growth: The average daily air temperature bd ow which the
model will not allow plant growth (the temperature stress factor is 0.0).

optimal temperaturefor plant growth: The averagedaily air temperature & which the model
will allow 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 physiologcal (or market) maurity. 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 planting (or ratooning) to
harvest; for perennials(e.g. dfdfa) itisthe number of days from spring growth to maturity
of seed.

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

Biomass conversion efficiency: Energy to biomass conversion parameter at ambient CO,
levels. This parameter determines how effectiveacrop isin converting photosynthetically
active radiation into structural biomass. This parameter may be changed based on field
experimentation.
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a
g

Crop Parameters

|wheat, winter, hard

Seeding rGruwth Frost | Partitioning | Size Decumpusitiun|

Upper frost damage threshold temperature: 23 deg F
Loweer frost damage threshold termperature; 5 deg F
Damage at upper frost damage threshold temperature: 0.01 fraction

Damage at lower frost damage threshald temperature: 0.1 fraction

| Save Crop to Datahase || 0K || Cancel

Figure 7.31. Frost tab window.

assistance.

7.37

Frost tab (Fig. 7.31): The Crop

submodel reduces green leaf area
in response to frost. The frost
parametersdeterminethe shape of
asigmoid curve used in assessing
rateof green leaf areareductionin
response to temperatures below
freezing (Fig. 7.32).

Note: Changing parametersonthe
‘Frost’ tab is not recommended
unless the user completely
understands their derivation and
theresulting effect of the changes.
Contact WERU for more

Frost damage factor

(- 15,008

.

049

0.8

0r

06

0.5

04

0.3
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01

{-5,0.017
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o

Minimum te mperature {"C)

| 1]

Figure 7.32. Example frost damage curve.
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The frost parameters follow:
Upper frost damagethreshold temperature: Thislabel should be changed to read ‘upper frost
damage temperature’.

L ower frost damagethreshold temperature: Thislabel should bechangedtoread*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 7.33): There 8
Crop Parameters parameters in this tab. These
e i e = parameters artla the COGf]fICI entsin a
4-parameter logistic function to
Seeding rGrowth Frost | Partitioning SlzeD D[:e:omposmon| determlne part|t|0n| ng Of ‘Shoot’
i i + - . . .
e — biomass into leaf or reproductive
leaffraction coefficient b: 0.8013 . ..
masses. Thefirst 4 coefficients are
leaffraction coefficient c: 04393
_ _ e — for leaf and the last 4 are for
leaf fraction coefiicient d: E . .
repraductive mass coefiicient a: -0.018 reprOdUCtlve (Flg 734)
reproductive mass coefiicient b: 0832 .
reproductive mass coefiicient ¢ 0.556 NOte: Changl ng pararneters on the
reproductive mass coefiicient d: 0.0738 Partl tl oni ng tab 1S nOt
recommended unless the user
Loesnene ot [ o ] eun | completely understands their
Figure 7.33. Partitioning tab window. derivation and the resulting effect of

the changes. These parameters

require extensivetesting and or field
dataif new values are to be generated and used. Contact WERU for more assistance. The
parameters are:

leaf fraction coefficient & Theintercept of a4-parameter logistic function used in computing
the fraction of daily converted ‘shoot’ (above ground) biomass that goes into leaves.

leaf fraction coefficient b: The asymptate 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 ¢c: The inflection paint of a 4-parameter logistic fundion used in
computing the fraction of daly converted ‘shoot’ (above ground) biomass that goes into
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|eaves.

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.

reproductivemassfraction coefficient a Theintercept of ad4-parameter logistic function used
in computing the fraction of daily converted ‘ shoot’ (above ground) biomass that goesinto
reproductive parts or yield.

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

reproductive mass fraction coefficient ¢: The inflection paint of a 4-parameer 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: Theinverse of the slope of a4-parameter logistic
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 reproductive
2
E
§ 05 A
=
=
=
o
0.4 1
0.2
I:l 1 1 ] T T 1 1 1 1
o 01 0.2 0.3 04 0.s 06 0.7 oG 0a 1
Heat unit index

Figure 7.34. Example shoot and reproductive growth curves.
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&

Crop Parameters

Sizetab (Fig 7.35): Miscellaneous
types of crop architecture

Crop Mame: |wheat, winter, hard - |

Seeding rGrOMh Frost | Partitioning | Size Decomposition| parametersarecontal nedlnthlstab
crop height curve shape coefficient a: 0.3293
crop height curve shape coefficient b: -0.086 NOte: Changlng parameters on the
Specific stem silhouette area: 0.5878 Ihifte2 { s .
i ; P Size tab is not recommended
Specific stem silhouette area exponent:
_ _ foss | unless the wuser completely
specific leaf area: : Ihift"2 . . .
L _ 0.05 understandstheir derivation and the
Heat units ratio to emergence: : .
starting leaf area at emergence; 0.485 in"Zinlant resulti ng effect of the Chang_es'
These parameters require extensive
| Save Crop to Database || OK || Cancel | testing and or field data if new

valuesareto be generated and used.
Contact WERU for moreassistance.

Figure 7.35. 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-parameter sigmoid
function used to compute plant height (Fig. 7.36). 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 area exponent: 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 fundion.
These parameters can be determined from field dataof stem mass and stem silhouette area.

specific leaf arear The slope of alinear 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 leaf
mass to leaf area. This parameter can be determined from field data of leaf mass and | eaf
area.
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1.2

Height ratio
(o) (o)
m fal]
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Heat unit index

Figure 7.36. 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 takes about 100 degree C days from seeding to
emergence. The parameter istheratio of degree C days from seeding to emergence to the
degree C days from seeding to mat urity.

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 rGrOMh Frost | Partitioning | Size | Decomposition

) Fragile-very small (soybeans) residue
(®) Moderately tough-short (wheat) residue
) Mon fragile-med {corn) residue

) Woody-large residue

) Gravel-rock

decompasition rate far standing stalks: 0.0133
decompaosition rate far surface residue: 0.0133
decompoasition rate far huried crop residue:; 0.0133

decomposition rate for roots: 0.0133
decompasition {fall) rate for standing stalks: 0.12
average stem diameter: 0.0164 ft
dedree days threshold when stems begin ta fall:[30.7500 ded F day
cover factor {mass to cover ratio): 6.5
| Save Crop to Database | | 0K | | Cancel |

Figure 7.37. Decomposition tab window.

Parameters for each option are:

Decompositiontab (Fig7.37): 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
derivationand theresulting 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.

decomposition ratefor standing stalks: Standing residue massdecomposition 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 begn to fall: Threshold degree C days (degree C days).

cover factor (mass to cover ratio): kg m?
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