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Space-time Kalman filtering of soll redistribution
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O e five

Soil edistribution is the net result of erosionand sedimeration. In this work
we Use spacetime Falman fikering to combing sail redictribution predictions
from a physcakbdeterministic tilage erosion mode | with indepe rdent
measuremeants. This is attmctve because imfornation from process
knowledge and information from measuements ae both utilised, whik taking
the respectie accumacgs of both souces of iMfarmatian into account.

s o grosian mooilin e

During each tilkge event, matersl flows downhill whereby the amount of soil
flir has a linear relationship with the shpe anglke. The esult is illustrated in

Fig. 1 for a sewverthectare sectionofa eseamh site near Hepborn,
Sackate lewan, where tillage erosion was simubted from 1963 to 2000
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i 1. Fowr fime zices ohomingr e e voludion of elewafion ff (e rome) ad net soif
recisinibodion ful (voffom row) over lime for e Mepbum re search oie, a5 compuied
milfh e LAFSEAS ot oicatdle feeminislic ilage encoion mode!.

Soi redEtribelio B Fe3FuIRments

Cumulative wil redictribution from 1963 to 2000 was measued on the
Hephurn site a2t S99 cations ona eeulargrd, using 137 sas a tracer. The
measurement error standad deviation wasestimaid as 0.05 m. Fig. 3{kf
panellpresents a watter plat of measuements aginst model predictions.

fafgran fither eguations

T+ =401 -0 +ert) (state equation, £ =state, t=tirme, ==modeleror)
TiH) =C0t)- ) +nit)  (messurement equation, 1=measurame mt error)
Ert+1)- 803 ZWt) (time update)

EXUHD = ET 0+ D K+ D OV () - SO+ 10 241
[measurement update)
K+ =E7(t+1)-CO 40" (St - E7 041 SO 4+0" 2 (417
[Halman gain)
I+ =ACHT -EXNL- ACDHE () (varence of time update)
B D=2+ D -Fit+ 10 Cit +1) - 2t +1
(warance of measurement updak)

Resyis

Fig. 2 shows that the Haliman filler makes marled adjustments to the
predicted sail redistribution, partic ularly abng the tansparetion romes rear
measurement ocations. Fig. 3 (right panel) showes that the adjusted =il
redistribution at measuement beations isclose to the measued wilue,
indicating that measurement error is smallcompared to modeleror. Fig. 4
chowe that the adjusted redictribution map is muchmote accurate than that
of the physicaldeeministic model.
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Fer & Scafler plot ofpredic fed apminst meazvred soff reclisinibution, before fof and
affer gl Kalwan fer adiveiment

Fg d Sl recisiribudion preclic oo ercr slandiard ole wa fion mag before ferfil and afer
{rigtat] Kadman fitfer aciveimeant

Main conciusions

The space-time Kalman filter adjusts prediztions made by the physical
deterministic model ina miwch more inte lige mt way than phin spatial

ite rpoEtion of obered dfieemes betwesn rmodel predictions and
messurements. Howewver, the method iscomputatiore by demarding amd
estimation of the stocleste mode| parameters dese ves attertion. Mo
details and wesults of senstirity anahrsesare precented in Hervelink et al.
[2008), Geookrme 113, 124-137.
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