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WEPS Management

» Model cultural practices which affect a
site’s susceptibility to erosion g
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> Simulate all “typical” management
operations

>

> Cultivation, Planting/Seeding
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Purpose

Surface conditions

Temporal soil properties
Vegetation/residue state LR
Soil/surface “amendments” Bt N
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Primary/Secondary Tillage
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WEPS Management

Modeling Approach

» Simulate (almost) all types of “operations”
> An “ordered” list of pre-defined processes
> Number of processes in list Is arbitrary
> Processes can be repeated in the list
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WEPS Management

Modeling Approach

> Processes defined based upon the “action” a specific
physical effect has on the current soil/surface “state”

> Surface modification (surface roughness)
> Soil manipulation (breakage of aggregates)
> Biomass manipulation (residue burial)
e Addltlon/removal of amendments (manure applic.)
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WEPS Management

Modeling Approach

> Processes consist of parameters defining the degree of
impact the process has on the soil/surface “state”
> Parameter values represent process specific behavior
of an operation
> Some processes may also be modified to reflect soll,

speed, depth, residue, etc. impacts on the process’
effects on the soil/surface “‘state”
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WEPS Management

Modeling Approach/Goals
» Simulate processes via a physical basis If possible
> |ncorporate conservation of mass concepts
> Minimize the number of parameters
» Use parameters with readily avallable/attalnable values
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WEPS Management

Classification of Actions Simulated

Surface re-arrangement

Soil manipulation

Biomass manipulation
Addition/removal of soil amendments
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WEPS Management

Surface Re-configuration Effects

»  Change soll surface characteristics
> Crust
» Destroy surface crust
> Random Roughness
« Smoothing or roughening surface
> QOriented Roughness (Ridges/Dikes)
 Creating, changing or destroying ridges/dikes
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WEPS Management

Surface Re-configuration Effects
> Random Roughness (smoothing or roughening)

CRR%+ (1-ORR_ RR% > RR_

s
Q[lRR%+ (l—l)RRo] + (1I-)RR,  RR, <RR

bag
where:

RRf = Final tilled surface random roughness (mm)

RR_ = Pre tillage surface random roughness (mm)
RRb = Implement assigned roughness after adj. for soil type and biomass (mm)

?ﬁ, = Tillage intensity factor (0 <A < 1)
{ = Fraction of surface tilled (0 < { < 1)
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WEPS Management

Surface Re-configuration Effects
» Random Roughness (buried biomass adjustment)

min "Ry, RR, = RR,)(0.8(1.0-cxp(-339.92:B,))+2.0 RR,,;RR, >RR.,

impl impl

RR =
Dagy RR,,/RR,

where:

Rwa = RR adj. for buried biomass (mm)

RRw = RR adj. factor for soil type

RR, ., = Assigned nominal RR value for tillage operation (mm)
RR . = 6.096 = Minimum RR value (mm)

B_ = Buried biomass density (dry basis) within soil tillage layer (kg/m*/mm)
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WEPS Management

Surface Re-configuration Effects
» Random Roughness (soil type adjustment)

-

0.16(silt)>* + 1.47(clay)**’ when RRSM> 0.6
- 0.6

\,

where:

RRW = RR adj. factor for soil type

clayf = Fraction of clay i soil
siltf = Fraction of silt in soil
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WEPS Management

Soil Mass Manipulation Effects

Change soll properties (by “layer”)
Aggregate Size Distribution
 break down soil aggregates
Bulk Density
 loosen or compact soll
“Mix” soil layer properties
 Re-distribute between soil layers
Invert soll layers
» Moldboard plow
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WEPS Management

Soil Mass Manipulation Effects

» Breakdown soil aggregates (change ASD)

where:
wli
wli]
Plij]
1

n

P; = 7
1.0+e>cp[ - + B b ]
gmd_ .

1“?“ [i](l Xﬂ) = W [z](] xn) P[iﬁj](n‘xn)

post tillage array of aggregate size class fractions
pre tillage array of aggregate size class fractions
transition matrix
indices for soil aggregate size classes
maximum number of aggregate size classes

1.0
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WEPS Management

Biomass Manipulation

»  Change biomass properties

> Flatten, Bury, Re-surface biomass
« Transfer residue between standing, flat and buried locations

> Cut or Thin standing biomass
 Transfer fraction of standing to flat biomass on the surface
 Reduce standing stem/stalk population

> Kill or defoliate growing crop
« Transfer crop biomass pools to decomposition
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WEPS Management

Biomass Manipulation
» Flatten standing biomass

FL.=FL, + ST, yC
STf = ST, (1-y0)

where:
FLf = Flat mass after operation (stem,leaf,store pools)

FL_ = Flat mass before operation (stem,leaf,store pools)
8T, = Standing mass after operation (stem,leaf,store pools)
ST, = Standing mass before operation (stem,leaf,store pools)

y = Flattening coefficient (0 <y < 1)
€ = Fraction of surface tilled (0 << 1)
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WEPS Management

Biomass Manipulation
> Bury surface flat biomass

RES = RES, + RES (Bmf )(;
RES_;J,. RESSO RESSO(Bmea i Sa pale
where:.
RESbf = Buried biomass after operation (stem,leaf store pools)
RES, = Buried biomass before operation (stem,leaf,store pools)
RES; = Flat surface biomass after operation (stem,leaf store pools)
RES_ = Flat surface biomass before operation (stem,leaf,store pools)
Bw; = Burial coefficient for specified "toughness/size" residue class
S, g Speed adjustment factor for burial coefficient

D, = Depth adjustment factor for burial coefficient

€ = Fraction of surface tilled (0 <{< 1)
,Qﬁ Engi_neering and Win_d
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WEPS Management

Biomass Manipulation
> Bury surface flat biomass (tillage depth adj.)

F B-aeDs B ]
[1-(1-D, /D, . )*"]

where:
D, Y= Depth adjustment factor for burial coefficient
D o = Specified tillage (soil disturbance) depth (mm)
D,, = Actual soil disturbance depth (mm)
D, = Nominal (reference) soil disturbance depth (mm)
D_ . = Maximum soil disturbance depth (mm)

D_. = Minimum soil disturbance depth (mm)

m

D, g Jor D ., = maX[min(D_wc,Dmx),Dmh]
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WEPS Management

Biomass Manipulation
» Bury surface flat biomass (tillage speed adj].)

i [0.6+0.4(S, /S )°]

[0.6+0.4(5,,1/S00) ]

odi Jor S_, = max[min(S _‘pec,Sm),Sm]

where:
S G Speed adjustment factor for burial coefficient

S S Specified operation speed (m/s)

S, = Actual operation speed (m/s)

Smf = Nominal (reference) operation speed (m/s)
S = Maximum operation speed (m/s)

S... = Minimum operation speed (m/s)
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WEPS Management

Biomass Manipulation
> Bury flat biomass (distribution below soll surface)

BurialDistrz’burionﬂa o 0 = Uniform burial distribution

BurialDistributionﬂag = 1 = Mixing plus Inversion burial distribution

BurialDisIrz‘buﬁonﬂag = 2 = Mixing burial distribution

BurialDistributionﬂ A 3 = Inversion burial distribution
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WEPS Management

Biomass Manipulation
» Resurface buried biomass

RES, = RES, + RES, (L )¢
RES, = RES, - RES, (L,,)t

where:
RESSI = Flat surface biomass after operation (stem,leaf,store pools)

RES = Flat surface biomass before operation (stem,leaf,store pools)

RESbf = Buried biomass after operation (stem,leaf store pools)

RES, = Buried biomass before operation (stem,leaf store pools)

me = Lift (resurface) coefficient for specified "toughness/size" residue class
€ = Fraction of surface tilled (0 <{< 1)
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WEPS Management

Biomass Manipulation
» Kill or defoliate growing crop

KILL,;,, = 0 = No crop killed

KILLﬂag = 1 = Annual crop killed, perennial crop NOT killed

KILLg,, =2 = All crop types killed

KILLﬂ,‘I Vet 3 = Crop defoliation triggered
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WEPS Management

Biomass Manipulation

»  Change biomass properties
> Blomass removal (harvest)
» Remove biomass from system by
» class (crop/residue)
* type (stem/leaves/roots/grain)
 location (standing, flat, buried)
> Planting/seeding/transplant
» Initiate plant growth
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WEPS Management

SelectPosition

fag

SelectPosition

SelectPosition

flag

SelectPosition

flag

' 7 flag
SelectPosition  1ag

=1

=3
=4

SelectPosi ﬁonﬁag -

SelectPosi ﬁanﬁﬂg

SelectPosi n’unﬂag =

Biomass Manipulation
> Biomass removal (harvest)

= 0 = No crop components removed
= Standing and root components
= 2 = Flat component
Standing, root and flat components

Buried component

= Standing, root and buried components
= 6 = Flat and buried components
= Standing, root, flat and buried components

Sefectf—’aﬂf
SefecLPoal
SefechoaI
SefectPaa!
SelectPool
SelectPool
SelectPool
SiefectPaaf

R
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= No changes to any biomass pools
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rop pool

emporary crop pool

rop and temporary crop pools
Residue pools

Crop and residue pools
Temporary crop and residue pools
All biomass pools

Englneerlng and Wind
2 Erosion Research Unit



WEPS Management

Biomass Manipulation
» Planting/seeding/transplant (initiate plant growth)

PlantingType,, . = 0 = Broadcast seeding

PlantingType, . = 1 = Use implement ridge spacing for row spacing
flag :

PlantingTypefh . = 2 = Use specified row spacing

SeedPlacemenrﬂag = 0 = Seed row placed in furrow bottom
SeedPlacement, , = 2 = Seed row placed on ridge top %
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WEPS Management

Amendment Effects

»  Application of materials to surface/soil

> Water (irrigation) o AT iel MR 1 e e

POLLUTG lT

WATeRS FRLZGN

> Residue, Manure
> Plastic mulches
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WEPS Management

Assumptions/Limitations
> Properties avg. when fraction of surface tilled

> Slot planters, row cultivators, etc.
> Tillage zone water content changes not simulated
> Evaporation routines expected to handle this

> Individual operations can have speed and depth
effects applied to “adjust” tillage results

> Faster speed, more breakage of aggregates
» Soil water content has no effect on tillage events
> Typical soil wetness conditions assumed
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WEPS Management

; Assumptions/Limitations
» Tillage operations currently have no effect

below tillage depth
> No tillage “compaction layer” simulated

» No provisions for “scheduling” operations
(except Irrigation)
> Emergency tillage
> Can’t shift operation date if soil is too
wet or crop Is not yet mature for harvesting

» Soll tillage depths adjusted to nearest soil

layer boundary
& Engi_neering and Win_d
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WEPS Management

sSummary

» Represent all current management practices

» Simulate an operation as an ordered list of processes
» Simulate processes via a physical basis If possible

» |ncorporate conservation of mass concepts

» Use minimum number of parameters with readily
available and/or attainable values
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