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Accepted Nitrogen Impact Assessment Accepted Nitrogen Impact Assessment 

• Nitrate Hazard Index Apppproach 
– Published by the Southwestern States and Pacific Islands 
Regional Water Quality Program and the University of 
California Center for Water Resources (Universities of California Center for Water Resources (Universities of 
Arizona, California, Nevada, etc.) 

– National Academy of Sciences Water Science & Technology 
Board Chose Hazard Index as preferred method Board – Chose Hazard Index as preferred method 

– Includes decades of research/approaches (since the 1970s) 
– “It is consistent with the recommendations of the 
nutrient Technical Advisory Committee (TAC) appointed 
by the CA State Water Resources Control Board.” 



           

                 
         
                 

   
                       

         
               
               
             
         

 
                       

     

Nitrate Leaching is Crop & Soil Specific Nitrate Leaching is Crop & Soil Specific 

• “Not all agricultural activities have the same potential to 
contribute to N pollution” (Hermanson, 2000). 

– Supported by a multitude of studies all across California, 
US and world: 
• Harter, 2012; Burrow, et al, 1998, Tanji, et al, 1979; Letey et al, 

1977, Pettygrove, et al, 2012; etc. 
– Amount of N accumulated by a cropp depedepends on:by 

• Amount of N supplied by fertilizer and soil reserves 
• Genetic potential of crop to take up N 
• Growth and yield potential of crop Growth and yield potential of crop 
• Environmental variables 
• Ability to retain N in rooting zone (impacted by: soil type, 

cropp typype,, irriggation method)) 



Mapping the Risk of Nitrate Leaching from Irrigated Fields by Use of a 
Nitrate Hazard Index: Case Study in the San Joaquin Valley of California 

Stuart Pettygrove '. Kristin Dzurella ', Anna Fryjofl-Hung2 and Allan Hollander2, 0 Departments of Land, Air & Water Resources' and Environmental Science & Policy2, University of California, Davis, CA 

Introduction 
bri~':\'l.mip1md11ccCJUil6 foe 96% of .;roun.dwilterllimte 

comam.i.nlllroo io d:e '.iom:hem Silll: JCQq!Cl aod Sal.mas Va..Cers of 
CaJ;fomia (H,i«rn al .. 201l} RfduciD~oioa1e l~ i; ~ y 
och:e1•ol by improl~aopniD<g,nu-, effirifncy (l-1JE) by bett,r 
!ll.:1oching applfraii.oo till~ mi c:iming of inii.gatioo. Will':£ a.rui fert:WH to 
crop requiremam. 

The diffi.cu1ty Cl limiting oioate leacbin~ from the root uu:.e \'ilrie5 
'ii.1Illtllecrop ~ i, SOllpn:!pente:i, m1 CJ?:'O:'.' tnl~Il>~ aD. 

UnrlH a\'6i!igi!: I!!lllmlgemenI praaitl!i. ~ Jil;efiloood. of high tilra.I:! 
~ OOiS ii grEffi:!r. '4- fur sh.lllai\·-rooted: aod bigh-\.--a..':li! crop; 
diat m ~ m shon-<~ N d~dendes~ ;Ii!ilter on bighly 
pmr.eilbli! 3,0" ; 'ii.ichkrw V.'ater-ho~ capocby: and grw:rl!lndi! 
furrcJw llliga:li<m coo:pmd m chip« It!aos.prick:P-r ini_gaOOo.. 

B.ued on dlii com:epr., Uci\'elSiiy of Califam:a ;omii5u ~relO'ped 
ii ~itt:ace Grom:.dwill:~PoL'luriOII. Rmird fum (HI) for i:Iri~ 
;ig,iru.iur, (11,~ et al. 2005). Tu, mo] i; mil.ib\e on!il:• 10 m, public 
("" IISJ " al. for web odlrn;). The Ill o;sjgn; index ,.iu., to crop 
species.,;oi);erie:..aod~ sy;te:mtype. 9,ti::h mI!IILtgl~ 
oo~oo prod:ice a cooipo.ite tlik \'illue. 

The ICediod aCO-'i\"i estim.1rionofri.:.l; ~ •erity and idencii.carioo. of 
di!! major ~coottfbutiogoo clili rtkwithout requiring the We:e 
da.ta ;'2[ I!ff&:i fm mm coo,plica.c~ ai.ieiSD:BJl method; (4 .. 
IRlgildo et aL 2008..SWera al. 1991). Howe-\'el'. m~Hil!ll!lboddoes 
oot caEUEl' deJXh to gruuru:h\'iltec, amoum of ririllfull, 01 UL: 
!llilllilgar..eotpractic.esiDocru.a:! useooile!di,il.X:hasf'=1'1iliz.er il\' rne 
ilil.d fnigiuion wai:er llJlpli-:d 

lnthi,,rudy, .,..u;edtb,lllioro,piherukofnitrate !o..><hin!from 
croproottcalE!s. ici a four-<oomcy m:1 oftbeSanJm,l[l.rio V.U..'ey of~ 
CaliflXllia. Turocal.areaanal.}'Za'iw.m U li.000 haofinii..5lred 
croplmi de\i"OT!d Ir.ll!lll.y oo produl:DOI! o:" ~es. deci.durui me fr:.rit; 
and cruts, citrus, cotto:n. furages., grnJ6. ;mdnga:ab.ci (Fig. I). 

Methods 
• Qq><pecie;andilri!>[ion~J>!loragrirnlruralpan:elsobminolfrom 

"""' (1999-lOOO) Cali..farnia IJep,,rtn:,rn ofv.\itarResoorces !wi 
use sun~ foreachof m.e fo-ilrcoonci.es. mm: sruity arei. 

• Qq>speaea twLa., 1'lsedan roottn,<l,p!I. aJOOmD ofN rapired. 
aop ,.iu., and m!lie, 'produa q,.u1ily seD5imiJ)· to N cleiid,ncies. 
E.=rple~ t..mxF!. illfalf,=l. 

• DriJV[Ilicro~1i1irhfen:iprion=l, wi1hom~troo = 2, 
O\ei:Jead ~ ~ith ($ti on= , 'ilit:bruf ~ =3, al) 
s-illfai::e gra,try i)""tteD:6 = 4. For aops that 1\"f UID'i\• are t)]YJC".ally 
e,-u,li,bsl witb .,.rtu,,d 5J!rtllk!"' (l!I=, ). tit& s,ritcb>.i to drip 
11,ith f~tion Q:{I=l). we ~c th:- irngllttoo HI co . 

• Sci~ y4:1ues oosed oo p!edominMJ..c soil series iD SSUXGO p.,tgom.. 
Sciil I.IlllS."t ,u.:ue; ~ t:hecoo:;;eGUSof thre.e soil sde:uist; who 
consi&radNRCS ,oilsetie; dlairll;eand]lEmlOlllili!y 
dimacristici. in.c.hlli.ir.g t)]l:cal pedoo t~'1UI'e.. nstri..cti.ve layers ilil.d 
toollli!S (io:lioum o: poor draim~)-

• M:tlrip]y tog;tberioofx,...,.;foraop<pecie;.""11oacbill!, 
po,i!C!ri.al... ;md irri,g;ltfoo sy.t€!ll.{}-l)i:' to obmincompo;ite m \il.':u! 
from I 1080 Qowto bighrisl,). l,!,aiii is sbo~llutH;. . 

• Field; .-imcan:po<it•ID ab<r.~ . O(yellowiu.i,!i;;!ttm Fig. 2)"' 
cansidmd to bi! at high risk of titriU:! le::ich.:ng Vii!Bl IIWlilg;ed wtth 
{)"JliGtl agronomfic prntt!Ui (U.il et al.. WJ5). 

• Inda n..~ Viwe com;,il.ed iD a GIS 1l6D:g SSURGO polygom (soil 
Ill ,.iu..) and !i,ldi (~ puc,1;) in Departma!I of\\'ora: 
Reioorce. !Jim!}~ (crop ij)l!0!5'ini4illioo type HI v.tl:ii5). 

Ack nowledgeme11ts 
nm 11'11:K 11111:; fim:W i::i ~ by dw Califa::im Sm. U.'z.w &i=• 
C-cm &t:uaidir-~n:cJ:.v <&-m-:n o. ulJ=i::iik.iclm 
UA:;)·DiD:.Or.i.dfmkl,ofi:l'OCUlslp:fu.!af.iai .md .r..im.anii::i~ 
\l!ilmBrlm~.11::1:b:r-..:.:3:11.b~ UCoo:::?N Rnm:l !.ldL 

Fig.1.crop ~ insb;dfareaiinsouttimi 
SWIJooquinVllle,al'califun'il{\ierset 

" '""I 

Fig..-t. 1n.-ucn ~EmhEIIRl .-!1Bn h.E. 
SOura:. - = ~;.lG:ftlCl'I. 

Fig.. 5. Soil tw!Bld illlEllwlutfllf ~ l~ in 
i-ripted~ IB nd. 
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fig. i . Canponcrt HI nfucs.- cztribution by 
pc,ulSal"tdlllillnc:l • m instDf.. 

fiti. 1. 1-11m1miru,:rn1p a:.swn-.; 11 ordlarz. 
~ nl -wrw:tltllc crq:i ticldf. 
cawerted t.oclriporllliaospi~ 
nipl:ion WU\ 1'Stipti:n:. 
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fig.i. Oeam:.c in land 
ll'e!I \Mth 'if, nitrm 
lcld'l 'l:rd:lllleto 
a:nunicn tD 
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Res ults and Discuss ion 
Onerhird (33~~.435,372 hiof l J I .906ha) oftrebiEm 
tw i! con:pos;ir-:! HI :;;:, 20 mi dtmfore 5 \•Jmmlb~ IO 
gg,tiliOllll nitrate leadling if DD! prop,dy °"""eeod (rl!, 
J). 
Mllcb of 1l!e itlldy ll61 is. a~ oo lo'il·a- rt.k: crop 
5]tOCi,s (Fig. l). bm pre,•a\eoo! ofhl!bat lhl wu,ce 
itrtg;Jtian (Flg. 4) and •-ell-<ir,;,,d soils (Fig. 5) 
comn"bul2 to me o,,rexall 33% of m:.1 ai: ruli (Fig.. 6). 

Com (mainly foro:i..e) llllllvegmlll•p!oouaioo. o; 
,a,'e!I. as ;:irfoce :im,gated ttee; and fi.eld aop.i grown oc 
bigb-risl: 50fu acCO'JI!.1 :fi>1 Ole u:ajority <1:' ~ Meil. 

Com-ernDn of fruiI.. rnn.. ;m.d vega:ab~-:! oops to drip or 
microsprink\er imgarum from ih• ""'"" (1999-1006) 
adoJ:ci.on ~ie.ls would k:rewe · e are,i \~b'.: from 
m1 m 22¾ of me""' om!j.ed (Fig;. s and !I} 
Sigcifi.c.m:.t cOCl\rer.:-ioo of cropmui m driplcni.cro.spril!kl& 
irrig,mon tw ocrurrOO. sit.c.e the !i"JC\"er • ~ iD tms 
study 11,~ccm.duaedm 1m-2006 • .mdtbe!e....fare:cb:! 
ac:ttlill sirnatioo in201 2fall..;berw-een1h.etwoI!l!l5 
sllowriinfigs. 7.uui i . · 
A seproJIOl1iol!:of!hecroppedar9remairtl.ng,m:rul; 
ofn.1nte .eachicg lOii i!fta-su.cbacOCl\w-.:-iooisuse:i co 
produce silage com i100 otb.:r forages., which 1)'11irnlf 
recei\.1e a.ppliacion.s. o:' d.my mMl1.D1! an.cl are ~red b:t' 
furrow or bonier melhO<li. We oore chat iD Tulare Co. 
(eo;w,m,r of;rudy"2a). &iryfmnfr;n:ill<ol 
appromtlilte0'y ;oo,ooo , .. , (l<) ICJ). •ltkb proiiuced 
coore u:fil: !hmill!.y o"ihercO'lDTf ir:d!.:! US. 
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Soi l 
Crop 1 2 3 4 5 lrriQation 

1 1 2 3 4 5 1 
1 2 4 6 8 10 2 
1 3 6 9 12 15 3 
1 4 8 12 16 20 4 

2 2 4 6 8 10 1 
2 4 8 12 16 20 2 
2 6 12 18 24 30 3 
2 8 16 24 32 40 4 

3 3 6 9 12 15 1 
3 6 12 18 24 30 2 
3 9 18 27 36 45 3 
3 12 24 36 48 60 4 

4 4 8 12 16 20 1 
4 8 16 24 32 40 2 
4 12 24 36 48 60 3 
4 16 32 48 64 80 4 

Southern San Joaquin Valley Nitrate Hazard 
I dIndex AApproachh 

Soil, Crop and Irrigation 
Methods 
approach used to create 
relativerelative 
Hazard Index 

Spatial Data Sources: DWR Crop Mapping ‐ (Fresno 
Co., 2000; Tulare, 1999; Kings 2003; Kern 2006) 

Pettygrove, et al, 2012 



           
       
               
             

             
               

             
 

             
                 

       
                 

               
           

Southern San Joaquin Valley Nitrate Hazard 
Inddex Concl ilusions ‐ Pettygrove, et all, 2012 

– 33% of basin has a significant N leaching potential 
– That 33% is driven by gravity/surface irrigation 
practices on various crops and well‐drained soils 

– Conversion to drip/micro systems would result in aConversion to drip/micro systems would result in a 
low leaching potential (Nitrate Hazard Index) for 
certain crops 
Significant conversion to these systems has occurred Significant conversion to these systems has occurred 
since the DWR 1999‐2006 base layers (crop type and 
irrigation methods) were used. 

– F llFollowiing conversion, a llarge area remaii ining att risk isi i k i 
silage corn and other forages, receiving dairy manure 
applications via furrow or border‐check methods. 



 

           
         

         
   
   
                 

         
             

     
               

               

Independent AnalysisIndependent Analysis 

• Focuses on Kern Sub Basin area only 
• Uses Kern Sub Basin specific information 

– recent (2011) Kern County crop coverage 
– local climatic conditions local climatic conditions 
– local irrigation methods 
– local agronomic knowledge specific to the Kern Sub Basin 

bt i d f Bl k S d  d thobtained from Blake Sanden and others 
• Performed analysis for representative scenarios in the 
Kern Sub Basin area 

• Our analysis aligns well in approach and enhances 
conclusions of Pettygrove, et al. 2012 and other 
researchers 
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Coarse 

Medium 

Fine 

Kern Sub Basin Generalized Soil Textures 

Data Source: Natural Resources Conservation Service (N RC S) Soil Survey Geograhic Database (SS U R GO) 
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Nitrate Hazard Index 
Conclusions/Benefits 

• SiSimplle – DDoes nott requiire numeri lical d tdata, bb tut can use itit ifif availilablble 

• Flexible – Can  be used on as large or small scale as desired, or in 
combination with other assessment methods 

• Additional – More parameters (e.g. N applied, effective precipitation, 
depth to groundwater, applied water, etc.) can be included and weighted 
to better represent the areas being classified 

• Valid – Developed by multidisciplinary group of experts and validated with 
Central Valley groundwater data 

• Temporal – Can  show change over time (year to year or growing season to 
growing season) 

• Coverage – Can  cover large areas of land with a single spatial resource 

• Granular – Field by field, therefore can “roll‐up” (or not) for reporting 

• Strategic Monitoring – Results  in strategic and justified locations for 
monitoring – thus saving costs and human resources 




