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Abst¡aeù¡

As pôit of irn on-¡çoiu¡¡ agriurltrtral poììcy rc*cerr:lr
projc4t ¡t forva St¡t¿ Urrivmsity, ¡ slatislical lrodr:l
wæ developcd for nitro6eu ru¡oft lrom agricultural
landa in tho À'lidwæl *ncl Nor[hern Plains rcgiors
of tIe U.S. r\ cornprlatiou-iule¡sive detcr¡r¡inisi.ir..
rnodel i¡ used to prcclict runofl fo¡ a relal,ivcly smaìl
*l ol poiills nud a regresion ¡noclel is ßt,tcd i.o thcæ
data. Thcn, krigÍng ie uæd to predi<rt al a large rrrrrrr-

ber o{renraining poiuta irr the regiru crfiutcrest, 'l'he
regrmion moclcl is compri*d of tbrce rhain conrpo-
ncntr; (l) the rnea¡r function, rv}ich inchdes feru¡
ing Þrrctice variahlæ, ìoc¡l soil aud r:lir¡r¿te cbar-
æterí¡lie and l,hc nifrogcn applicrtiort trchl,mcnl,
i¡ æumal lineu in thc pü¡ameles and fittccl by
gcueraliztl lerul, squaro, (2) the varìtræ frurclic,n,
whic} conl,ain¡ ¡ local æ well as R a¡ratìal component
whue shupm are left uil$ÞecifiKì, is estitnaterl by lo
ctl linea' regræion, ancl (3) tlre sprtial correlction
finc[ion i¡ estimÈtecì by fitting a eímplc pararnctrit:
vrio¡¡rcm model Lo the gland¡udizecl rcsiduols. 'fhr
lìtting of thñe thræ componcntn i¡ ite¡ated until
co[yergencc. 'I'htr lroclcl providea ar inrprovcd fiì to
l,hc rlota conrpar*l to a prcvious modeì thah i¿nored
thn hete¡qkttluticit,y anrl thc spatinl cordatior.

1. Iutrodrrction

Rmcorchcr¡ ¡t thç Cen0er for A6ricullurll nncl lìu-
rrl f)eveìoprvilt ill lowo Stale l/niversity (0ÂRD)
0.re developiüB cconouric rrcdels t¡ ev8hìal,c lhe irn-
pæt of ferloral md $[ate agricrrltutal policic rrn ilrc
nitml¡eu wal,et pollul,ion in l,ìrc Miclwat and No¡l,h-
urn Plrin¡ ol the U,S. (sm. rmong r:thers, \ü'u cl

R@rr¡tr.upt)ort€d by the Sw0d¡e[ NiltiDrhl Iloârd for
Ntrilor6l drd Tcrlnical l)evclopmen! (ìrÀnt Dt-02ß¡7P. Nu-
[ion¡l Sc¡.n6 Foondàtíon GÞnr #1)MS-9620702 ¡nd by lhc
Clcnler for Agr¡cnltuÉl und Rrol Dcvclopnrctrt.ù lom 1ìù¡tc
l)nivonity.

cl [10]). In a rnajor deparl,urc from preríous cco-
nonic tnocleìs, the goal of trhis projrrt Ls to pre(ìict
ùhe environnrental impel$ st br:lù l,hc rcgional cnd
the loc¿l leve.l. Local prertiction is acìrievaì by uoing
the .i28,591 N¿tional Il¿sourcrs Inveutory (Nu*ser
and Goebel [5]) poiuls and tht:ir usociated dalucts
in the region o[ inle¡æt u lire bæis for ihe r:vaÌu¿-

l,ion o[ pollution ¡mpaql, NitÌogel poìltttion occurr
vìo trvo primary pa[hwayer by nitrogen rur:ofl'irrlo
sruface wiltcr$, urd b¡, lea'Jring through l,hr: soil into
the grouldwrtlr, In the current ¡¡licle, we rviìl focus
or tln prwlir:tiol ofnitrogen ruloiT. 'Ilhle I shorvs

the vu i¿Ì¡ìn uaed in the model. 'fhe,y me Íürther
describtxl irr \{u ct oJ. [10], A mop oI thc .rt,udy
ru6ionr trntairing hhe locatir¡r¡s of tlie weather sta-
tione is giverr in !'igure 1.

Itigure 1: I'lap oft,hc sludy rcgion (O denotes wc4tlì-
erstatiou lcnation).

Ni[rogen runofl frorn non-poiilt sorrcm ¡uch æ
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'¡griculturÂl 
prætim is typically unobeervable, e*

pæiall¡' et tho æaìe of intemt in this oludy. 't'he
d Eros
Q, sec

ternin
ot le¡s

tool for predicüilrg ühe niùmgen runoll at ilre NRI
pointl, lro0h foÌ the corrent rittrÈtion I well as fo¡
scena¡ios in whích og.icultural policirr chalge one
or *ve¡¡l of ihe wrialls in 'I¿ble l. Lhrfo¡tu-
nately, runnirrg the model for all NRJ poinüs would
bo prohibi[iveþ mmputer.inteneivc for ætablirhing
a bn¡clinc uitrogen runofi ìevel, le[ alone for evrl-
usting Àllertr¿tive ælnariu ín whiclr * cìgnificaut
numhe¡ of pointe might hove chugcs in thei¡ co
voriate valuæ, It ìvu theteforc dæidaì l,o cetim¿te
a st¿tisticel 'lletamodel" on rr rcpræeutative sul>
s€t of l1r40lì datepoint, o¡tti uso this rneü¿modcl in
pla:e ot DPIGWQ to prrdict uitrogcr runofÌ ar thc
remÈÌning ohrervctiorr poilrtr, m well a¡ lor scen¿rio
evû
the
rof

reurove sonre of thc obeerved departurcs fronr ùhe
OLS æumptione in the ræidu¡ls, Neeerthele66, thc 'Ì
r*idu¿ls ¡t"ill exhibit¿d both ævetc.beiôroâk¿dôôtiÞ :

YN05 nitro¡en runoll (predickd by Ill?IC-We)
NRATE ritrcgen applicotion rete

Tíllogc, conserualion oml írigulíon pmctice dlm¡nin (æ!emrtæ;
conteúionßl tillt!¿) :

DIIT rcducd iillage DS'fRtp
DNT no iill DTnftIìA
DCONTR coutouring DlF]Typ

Cnp rototion dunrmíea (*!e.æncc: øntínuxs ollø[ø):
frlìOTl contilruous æ¡n DUOT8
DfiOT2 coniiluoua rcyberng DllOTg
DlìOTl, contiiluoüß wheot DIIO'I l0
DRO1'4 continuous eorghum DRO,I'tl
Dlì0T5 corn-soybeurs , DH.OTI2
DIìOT6 ærn-orn-ruybeans IIRO,I'I4
DIì.OT7 corn-soybo*n+wleat

Rtitloll onù coil pmpertiea:
R/EIN rainlbll þnu) BD
SLOPE field slope pII
CLAY clay percen[Rgri pElìM
OM organic rnat[er (%) ÁWC

H¡rlrology dunnien (reJennce: D HYC|A) :
DIIYGB hydrologic grcup B DHycl)
DllYcC lrydrologic gmup C

Lmliort oJ closeal vælher ¡htion:
LAT laritnde
LONG longifude

'lhbìc t: Model veriablæ.

stripn:ropping
üerræìng
irrigatiou

soy br:rnn-loybean*corn
rvhcrt-f¡llow
whcat-eorghun-fallorv
wheat-æyberu
whca{,.rrorghum
corrl-co¡u-3 yeax alfclfa

bulk densily
ooil pII
roil permerbility
aroilnble wrter crpæity

hydtokrgic gtoup 1)

prof-
crop

dumnry vericblæ in 'Lbbltr
The originoì approach

1)

of
fit tìre net¡model by OLS
dependent vui¡blc and odding I limited nrunbcr of,
interÂction ierns. 'l'he model wæ:

()'.lVg}¡tlsr = a + Ztþtt t N Iì.41.'IJ + 21p,"
*XB" a iicl errorr, (t)

rvhere X = (LA:J',LON(Ì) reprænf¡ the locstíóir
of l,he nea¡esl wather otation, Zl otrteinß the vÀl-
uen for th¿r remaining cova¡i¿te fmm Table 1 ¿nd,

the rnodel, snd tìre trusform&tion wü selæted to

iiy, os well as opatial cor¡ol¡tion. Ae notíl in Côrlöll



r
'

Ànd llupÞert [1], trausformationa
I uæial¡le ouly ternove Ìrcterosltedæ

' Dónds on the nleut Thcy atc thcrc

i nte in caæ¡ rvltere spaÙial loc¡ltion

usod. 'Ihis Ìræ l,he arìvantl¡¡e of avoidirg to ini;re
tluce biu jn t'he æt'inrtl,ion by itra¡r¡rropriate choir:n

of a pn'ametric form for the va¡iance {unctiou'

Sætion 2. propoæs a modël thst explicitìy m-

cou¡t¡ for ¡he heteroskeduticity and apatitl corre-

ric rrtodel colnponcnts can be [ound in O¡rsomcr cf

ol. [6].

2, Thc Model

'.lhe doto coneist of n¡ scalor rm¡lorsc mttu[¡otußìtJ
n l.) antl
I di8[inc0
of ohser'

T'he ùrodel is

l';¡ = Z!,8 + u,(ø¡¡I/16¡ 1 r,, (t;)r/2u¡¡ (2)

for j = ¡,...,¡-' i = l, ",rV Here ll is a4 x I
vectot of pal¡mete¡t. u. ¡¡d tu arc bívatietc lari'
onr:e fitnclions, the e¡¡om ü¡J üc indcpendout sud

, r'ar(u¡;) = I
var(":i) "" I

rc ¡( ;0) rø¡
eY, isol,ropìc
o*ibly nnltì-
i, the üij âte

indr.'ontdcnt of l,lte s¡.

Siirce tlrc only avlilabìc spatial locatiotr itllorma-

urj is rqlrrrqcl [o u the ttuglcl ¿,flcci'

. l)stimation Procetlurc

3,1- Overviêw

Let Y tre the ¿ x I vcctor contãining thc Y¡.¡'r orl
Z ltc lltc n x r¡ rt¿trix NiLh (i, j)t'h rorv ct¡unì to Zi¡
i"l > i"pt*nL l,Ìrc varisrutttrv¡uianc¿ rnot'rix of

the vecl'o¡ Y

0: (Inil,ializa[ionsteP) Set i - 't'

l: Obt¿in

þ = 1d'i-t 27-r zf i-'Y

2: Strl'

r¡.¡ = Y¡.¡ - 21¡¡þ ancl l; = -! f, r;¡'

3: For cach ti fiuch illâl n1 ) 2 oìli'aìu

r+'
;."(cr) = 

=tþ,, 
-t,l'.,.t . j=L

4: Obtain ûu(æ¡) for all ø¿ by local lileor snlc'oth-

iug ot the i'(o¡)'

5: Obtain ô" (c;) by a ìocol linear smoothing of the

Fj. oncl let

Û,(c¡) = Û,(a¡) - t"(t¡l/n¡
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6: Obtain è¡ =Í¡/ì,(n¡)L12 ¿nd e¡timai,e d in lhe
isotropic correldion model p(.; 0).

7; Ôbtain
!=È.+È,

whcre (Í',)¡1,¡,¡, = ôu(cr) ifi = i', j = /t ancl 0
oùherwirc, and

[Í,];¡,¡1, = t. (o¡ ) 
1 I r ¡, (n111 l' p(ll, ¡ - " 

yll; tò.

Thie "block' structuru for the covui¿nce nra.
tlix will ellow sþilìcant eimplifcationa of the
@mpul,ôlíors in ol,cpa 1,4 ond õ.

8: Reperi Step 1-7 Il¡¡.. timo.

3.2 Detdls on the Iruplerncntatìon

3.2.1 Gene¡slircd Laæi Squôrs

In atop I, computatior8 iilvolving the inver¡e of the
11,403 x 11,403 matrix Þ = côv(Y) ere nvoidxl by
noüilg that, bæorræ of l,hc ruumed modcl (2);

U =Ðu+ ICTV.K,

where 2,, ir a diagonal m¡trix with re¡:eltirg
'blockr" of lerrgih n¡:

1,, =di¿g{su(c¡), i=1,...,n;, í= 1,,'.,/V},

V" is fhe tV x N covârieo@ mal,¡ix of tùe et antl I{
ie nu N x n mairix witl¡ (l,r'') entry equal to I for
í' = I + Dl-=ì n¡, . . .,Dl=r ¿r anrl serc otherwiæ.
,I.he inve,m of )) is therefore cqral lo

>i-r = E,-r - Ð;r Kr (V;t + KE;|K")-1I(E;1,

(Horn ard Johnaon [4]), which c¡n be rapidly com-
puted cirrce úhe lmgæt non-diagonal mâtrix l,o invert
is only lV x N.

3,2.2 Va¡iance Fnnc[ion trþtimction by Local Poly-
nomioì Rrgrcsion

If we mume normality of tho enors, the i¡(r¡)
in Step 4 are indc¡renclcntly di¡t¡ibutnì, hct-
srukedmtic rendorn vu'iabler, wiúh varì¡næ alu¿l
la2ùu(n¡)2/(n¡ - l), åo tlìôt thc theory developed
liy Ruppert ct cl. [?] is rlirætly ðpplicoble huè. 'Ihe
epmial etructuro beüwæn the estim¿0o¡ urd ils va¡i.
nnce is ussl irt the bsndwidth ¡elætion of the ERBS
slgor¡t)rm (Rupporl, ft]). Detail¡ ¡m in Opsomer eü

el'[6]'
If we ignorc l,he error calls€d by thc ætimntion of

-ùhe mem functio¡, lllê e*pecl,ntion of F¡t il equal to

E(i?) = vil.(ø¡) + 
V¡¡u(¿¡),

'rt.. '*:- :ì

m l,hat the function u" (o¡) nn be eatinìatôd
ônd Eubt¡ü:ting V¿ru (øi)/nr,
raudorn veriableo, and ìhe

meiion of the opfirnal bandwidth for æmptri/lûB
¡houìd tako l,hai efIæt into con¡ide¡¡tion.

entry
n¡ md

smæùhing the d
lì? ¡re co¡relatæl

Let æ be the ,lV x n matrix with (i, j)
Io I fn¡ îor ¡ = t + f,i=It a¡,...,)l[.t
otherwiæ. Alæ, ìet ,,1O F denoto ülro

product o[ equi+íza.l m¡lricø á atd B.
.llc¡ulú J; Asuming nornrality of the Yry'e aud

noring thc er¡o¡ duc to e¡tim¡tion of the mc¡n
the æv¿rí¡ncc miüix of ühe rurdorn vector
tn8

rì2, i=1,.,,,N
ir given by

2(rär"¡ltl

where ,4.[2] = Aa A,
Btrcauæ of thc rpæiel átructurc of t, the

of ùhi¡ ¡nat¡ix can be æ*n to be

(æEr1'¡¡¡ =

/ snfu+".(t,t d*i'

ì. u.(o;¡r/zs. 1r',1 
ttz p(llæ¡ - nyll.o) i g ì'

Let V,, = cliag{ru(o¡),i = 1,...,/V} and.E =
dieg{l/nr, i = 1,.. ., N}. The væiance-æva¡lanco'
rn¿trix ôf the Fi r:an be written down as

2(vc +v,E\lzl'

Thig vuiance,-couianse ntatrix ia ruql in ¿ bs¡¿l.'
wìdth ælætion proc(ìuÌe very simil& io EBBS a¡d..-

ìs <læril¡ed in O¡mmot eú ol. [6],

8.11,3 D¡tim¡iion of the Co¡relstion lunction h¡
V¿lioåråm ltlttinE

In Step 8, the co¡rel¡l,ion funcl,ioh i. øtinraüed
parumetricolly hy variograrn lìttirq. Becsuso hot-
eroskedaÊticity ìs knowD to cauæ rpuriour pet-
terru il variograrur, i[ io important [o r€tnovo thèl
efiect bcfore ctirnrting ihc cu¡t¿lation funcüioñ'
Ilence, l,he spatial rciduols F¡ orc replæcd by â¡ *
fu/1,(æ)tlz ' Tho follorving model it uætl:

p(tio¡,u2)= 
{, - ("#ø * 

",)}_
with 0r,ez ) 0. nodcl j
de¡aibcd in Cr hènd :
oddsl to iù and t;¡e¡d ,
w¿s ådded to ìmp¡wc tlìo Rt þo.th6 d$e, Clærl¡ ;

,t,,
lN



other perÈDretric ltrodcls couìd be selætecl ag rcne-
lrl,ion functione lor ot]ter datarets. 'l'he parumetem

,r, ú1 a¡e 6tìm¡ted by wei¡íhl,ed leæt square trlini-
mizal,ion fc,lloving Crwie [2] (p.96).

The estimatc of thc spatial va¡i¿ûce covrriance

matrrix V. is computed hY *[ting

lV,l¡t, = p(r¡- 
"r, 

; ¿) tÆ" (¡, )tt þ¡, ).

4. Resull,s

!igurc 2r F^stim*te of the variatce funcrlìon r,,(') at:

lJLe wtstlìcÉtûtion lr:cnl,iong

Thc model rv&s rtln on tht C|ÂRD rlotæt. rrsin¡¡

l¡olh the transformed and ruttranetbrmal ltitrog<rt

rulofl valucg a* c¡lculntel by IIPIC-WQ tre depen-

clent vc¡iabkx, 'J'he l¡ansformttion wro no longer

næffiåry lo reduce thn llrtcrmlledæ¡icil,y. l'hit ìs

nol loo sur¡rrising, ¡ince lltc lteteroskedasl,icity rvus

now explicitly ¡r:counùed for iu the modtjl itfldf.
A methodolo¡1icol adranlrgc oI llrc untraucÍo¡nrrxl

model i¿ thai tha prtrtlictiurs mmpùted u i¡ Sæ-

tion 5. are urbin¡ed, while l,hc orc found by usiug

trutnfoÌrnecl ¡urlr¡fr obeervalio¡ts ¡uc biased ¿ftq ilp
vui,ing the trsnEfolnlÀtion. 1l'e rvill therelbte only
show th¿ rmuìt¡ for the ulltransfor¡nql motlel.

!'igura 2 and 3 shoç tle nonparameiric csi!
rr¡l,tx of Ihe varianr:e fttltotions rr(l ¡nd r.O rl'
[l¡e wcuther sl,al,iolt ].or:¡tiou¿ fìoth estimnlcs ¡horv ¿

sirrillr paltern oflow v¿lus ju th¡ cc¡tcr and higltu
onee at lbe lìæte¡u ¡rcl lVesl,ern bound¡rie oI the

sturly region. [{æt of Lhc wtiabilitJ'in lhe rl¡to
ir explrined by lhe local varíance u,,. with thc mear

Figurc 3: Estilnate of thc v¿riancc furct'ion r.O af

t,he westheF[àùion lorr¡tions.

l¡igure 4:- Vtriogram ancl æl,inrltcd variogrartt firuc-

tiorr þ( ; 0).

value o[ ûu (c¡) equôl to 4.418, rvhile tlut l'or 'Û. (o) ìs

0.fì70. Iì.¡'igule4, lltcr variogrtntol [hr: stancl¡rdizecl

reírìuak Ë; is rJi*playal as wcll æ tlte rvcightcd leæt

ðquùrcs tìtled voriogram funcl,ion. 'I'he rpalitrl colrÈ
laiiou rìecream rt¡:iclly as clistauce incrtrsm, and is

olly irnpottutl for poiIts ût short disl,ancrn ol'crch

othc¡. Tlrc ctinr¡tetl vari¡ntrcovaliutce rrtal,rix V.
wns inrÌxrl positire defìniLe, with all eiSenvalue in

the rangr: [0,005.81 .?ì.

6, Model Predict,ions

..\s rnen[iorod in Se¡lion |., lhc purpm [o¡ delel-

opirg thio mcl,a¡nodeì is lo he oblr l,o prcclict ihc
poturtial nil,rogcn runr¡lï ¡t the set ot 128'Ó9l Nlll

Eltlmalcd Loel VEr ilæ
0Aa6 -2.260

.2.2ã9.4.OU
t 1,031.5,467
o 5.457"?,428
.lAn.12.113

t21
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a
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poìnt-c. If we h:l Z- ttre mat¡i-cc of r..ovariatq ¿lrd I
poirrs, the r¡ni'erear k ¡rredicûion

tl'" poi',t, tt':ì;i:,. 
quation lor

'i" = z" it + c,2-t (y . zq,

ê. = v, (í/, + û,,.)-' r,

F.t,
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