






v o l u ~ n e ~  of w t c r  did not agrcc w i t h  a rensor-~ablc 
colernnce (nbouc I(%). In all c~iscs, thc discrcpnncy 
was atcributcd to Irakage rhnt was mpairablc in the 
tensionletc'r-tra11Sduccr conl.tcction. C h c  valuc 
\\.as discarded fro111 Locat~on 1 and five values 
wcre discarded horn Loca t io~~ 2. 

Cnlrrilofiorr uf'l7/~rx.frcwr I'rr.sl;rirr~ :bhsrtref)~rri /s  

T h e  yrcsiurcs (as n f i~nc t io~l  o f ' t i ~ i ~ c .  t )  wcrs 
smoorhed by f i t t i~lg an equa t iw of  thc form: 

a+bt 
lJ(f) = - 

r +df +d ((4 

T h e  form of  Eq. (6) was chosen because i t  pro- 
vidcd n satisfactory fit to the type of curmturc 
seen ill thc prcssLIrt VS. time ~ - ~ l ~ l t i o ~ i s l ~ i p s  wc ob- 
served. I t  is important ro rcducc the ~ioise in dacn 
~iscd for an objecrivc funcrion in nil optinlization 
mctliod bccaul;c rlvise car1 lend m convcrgtwcc 
dificulries and ~ i o n ~ ~ n i q i ~ e  p;ir:Iiiiewrs (ILUCSO et 
~ 1 .  1991). T h c  smoochctl p r c w ~ r r s  (P(r))  wcrc 
uicd to cnlculate 1/ , , ( f)  u s i ~ ~ g  Eq. (3). T ~ l n e  dc- 
pendcnc f l i ~ e s  were cnlcul:~rcd using Eq. (3) nnil 
these prcssurcs. Inas~nurh ah VkV(t) is ;I functioi~ of 
pressure, u:hich is also n ti~rictioli o f t i ~ n c ,  the dc- 
rivatiw in Eq. (4) wns ca lcdac~~d ming thc chain 
S U ~ C :  d V/d/  = ( d  l,'/ril') (dl ' /d l ) :  

d P / d f  in Eq. (7)  w;ls c.stinl;~rcd ;IS a simple d i h -  
c w c  of snloothcd ptCssurcs (Ecl. (0)) and ~inic. for 
two swccsivc time steps. 

7 h c  pi~rposc of the tlat:~ an,~l~,sic w.1~ to obtain 
valucs ibr wnrcr flux into rhc tcnzionlcrc*r and 
soil ~uatr ic  potential along rhe ot~taidc wall of rhc 
tensiometer from thc prcsurc, ~ncarused inside 
thc tcnsionlcrcr. Tlic>c fluxcs and l?c>ulitl:~ry prci- 
surcs wcrt r w d  as input for X I  inverse mrthotl rn 
oprirn~zc. thc u ~ ~ s n t u r ~ r c d  hydr.iulic conductivity 
\5. ~ m t r k  potential r~d3ciondiip. 

We uscd a two-di~ncnsioilal finite clcnlrnr 
r~'prcscntati01l of tlievRichards c c p ~ ~ t ~ o l ~ ?  7USOIL 
(Tind.in ct  al, 1096: Si~rli~rirk et al. 1934) coupled 
with a lnodificd hI:1rquardt-Lc\~e111~zrg ,~lgo~~iihrn 
(VJII Gcnuchccri 1981) to ~uinimize [he >u~r l  of  
.;quared difl?rcnccs b~ttwccn t h c  cnlcul;ltc.d a i d  
me,~sured flusc\ of watcr moving h > n i  the soil 
irirv thr tc~~sion~cter .  T h c  grid and the flow do- 
mail1 used for clw problt:ni rcrup arc ~ \ V I I  ill Fig. 
2. T h c  model \\::I$ configured co sim&tc mdinl 
flow. Thc outcr boiu~dary of the  flaw donlain \vas 

Lateral distance (cm) 

Fig. 2. Grid used in the numerical simulations by 
2DSOIL. The ceramic cup is outlined by the bold lines. 

sct ,lt ;I radius of 5 C I I ~  fiorn rlic ccnter of the tcn- 
sio~ncter. This \ d u e  was b.wd 011 pscliminary 
flow sininlnrlons that sho\vcd littlc chnuge in ma- 
tric potential< beyond 5 a n  fium cllc center of t h ~  
t e ~ ~ s i o ~ ~ i c t c r .  

Tllc objjcccivc f i~r~ct ion \\!as the X' statistic 
(I'tcss ct al. 1904): 

wlicrc Q ( r )  dncl V ( t )  arc ~ncasurcd and c a l c ~ ~ l a r ~ d  
fluscr ; ~ r  rime I,, rcspcctivcly, and s; are the csti- 
1 n : d  vari;wres o f  the data poinu. Wc did noc 
have indcpCndenr cstiln;~tcs o f  vnrixnccs s;?, and 
cstiiliatcd t1ic.m from the rlcpcr~dzt?cc oi'thc dill 
fcrcncc.s bct\vccn ;~ctnnl arid s~noothcd  flus vaI- 
occ on  time. This dcpcndrnc.r tlrrivcd fmm data 
of all mcasurcmcnts w ; ~  

\\here i,.ir t l ~ c  t ~ m c  of dlc last nlcasutcrncnt. Whn.11 
x ?  frr>n; Eq, (9) was mvd i n  Eq. (8). chc. squared 
resid11:lh of tllc firs[ rind thc last mcawrcnlcnts l~nd 
\\.cigIm of  approsi~~~nrely 0. I arid I .9, rcqxcti\:cly. 

The. ~ n o d c l  urcrl ill the i ~ n c r s c  ~ncthocl 
(21)SOIL) rcquircd thc time-dependent valucs o f  
soil n~ncric potential ac the outside \\:all of  tlic 

latecl from the prcssurc insidc thc tcnsiotnettr 
and rlie cwndwtivity of the ceramic cup. T h e  
I h c v  flo\v q u , ~ t i o ~ ~  \\;a rcarrmgcd to solve for 
soil m w i c  pote~~tial ;  




















