Roger L Parfitt evidence

Paragraph 42

Question from Commissioner van Voorthuysen about why we used 24 degree slope.

We made the following assumption:
To reduce erosion, pine is planted on soils on soft rock with slopes >24%, so pine plantations
increase from 2 million ha to 2.9 million ha, farm and pasture ha decrease by 0.9 million ha,

SU decrease by 5 for each ha of pine

This assumption was copied from our paper - Parfitt RL, Schipper LA, Baisden WT, Mackay AH.
2008. Nitrogen inputs and outputs for New Zealand at national and regional scales: past, present and
future scenarios. Journal of the Royal Society of New Zealand 38: 71-87.

It should read 24 degree slope.

The assumption was a simple pragmatic assumption to set up a part of our national cap-and-trade
scenario.

Ron De Rose reviewed previous work in this area for the POP in his paper “Slope limitations to
sustainable land use in hill country prone to landslide erosion”. He gives a range of 20 to 33 degrees
where slope are prone to landslide erosion; so we are near the middle of the range.
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Tikroductiom

The ideredication and implementation nf sestiinable land wse b oemeadty 3 major
chzilinge for land seseareaers and plinsers in Mew Zepland. Tirforumatsly this
(peraizsa dx hindeted Ty eonfusion abolt dhe meaning of sustainability. aamry dufinjtions
nipt anl Mwese tend to condlic beranse of differrd saphasic on vither, Bophiiaizal
feaniangeal), or sociveecnamie asprors Blaazhke ef ol 1551} Tl New Zzatend Rezoniire
Managemen Aot (1390 provides 2 usefel definithon, with e condrad coneepd haing
rnanaing the use, develep ment. and protection of nulurel and physical rezanwces i
a way, or at 3 eete, which enabiles penale and coquauinitien to provide for thedr health
amd sedely white: (] suslaining the polestal of ratnrml ared plerical resoures
funcluding minerale) to meat the seasor ahiy [oreserable newds of futate penerations;
() sidegrarding the lifie-supperting capacity of eir, water, scil, and emeystoms. 2ad 1)
svoidipg, mmedying. o mitirsting any adverse effocis of setivides on e
savipanment”, In agrirnihural spastems, che aspect of resGlLE anagemettt Lnokyes
sustzining o b plogical and plarsteal sesonczes o w':lid:'t Ie!m‘. productivity dependa,
vihite st Mz aame dme minimizing detrinons] effects to e envircnmend. It s
irnparten, herefare, 4 ldengiy those lad wse practiecs Wilick lead to degridation of
nstural and phovsical vesowrces. '

{OIne study in esstern Tacara @ hill coboty (Blasrlike of ol 19920, TheRose of of, T995)
$denblied sustabnabie Jand use oiesses on e besis of slape. These creses geflectsd
increasesd shops instability after daforestation, and declng i@ Fotemial pashors
produstion ceased by sebaecvent tandslide erozion. This was o noklensl ConFRqUenCE
o the TeSonshin betiveer Jondzlide privity and slipe angle which is well esiaklisned
io Lhe literrtore o holi Brearaiics! (5inpe machanies? and empideal grounds (Cooeies
or 2l 1980 Hiltslapes with an average shipe dbove 257 woga idontified ae being
parth tarhy prme s bdslide evgeion (DeRnes of 2l 1930, Eielose 1994, Further slope



Alvision wae soonmowlat arbitrary, aiffazh cluges aboge 327 bod o moch figher
lardgtigde dengity, compated, with the wmedal class o sinpes baleesn 25 and 22, While
these zemals have bear, particalanly nseh’ in helping to dedfing land use suslalnability
am havd Terdary azndetone [ithologiee (Gteachie et ol 199200 ey cavnod e agzpfied
wishour gualifigation In gthet reghors. This partly vaflecty tne sFatial limitariors of
eafrapulabng rosults from soedi expésterumial basins, daat also retlects the fack that o'dwer
adverse and use effects {Lo, nnkiient runadt] Mg be as, £ oot nuste. boperiant than
laraJaivde seoson. A cassitication af landfoors based co catrisnd cascdl, GO exempte,
mey not necerrarily co-inside writh £ classiimdion bazed onoergeiom pobenkisl

Breggiurst? ool nose intand 1o adop! alope angleg a3 4 qesns of crtaliligg land use
activities or sbeap hill connky {TRC 1863, AMIWEC 1993). Thi inay be acprostisoe, out
oy vt all dgpeks ol sustainabh oy Tave e songideed, snd wleoe slope anples ase
laaeed oo sourd sesearct Sndings on the adversa effects of cwrent lend use activilizz.
Thi purpuse of dis aoicle i o revipw commen informdsion o dwe slope depetidency
nf landeliding dor cihcr regtons in the Moch Esland,

Spatial patterss of landsfide erosion

Hill ooty batow |60 min 2levatiom, ponepics cear 91 % of Bew Jeadend’s fandd area
[Blrzckke 2 6l 19922), end akallow lendslidine haa bzen recognised here as 2 majcr
neareds leading o sail depieton, to decling in o praduedctive putesbial of Evmn fnond
(Tambert & al. 1984, Douplss o of 1968, Deliose ef al in presst, and m increased
gedimerl and nutriant losdinme in waserwrys. The donsily of dabiow [aedalifes 35
tepicaily 3 bo 10 titnes rmeater uhder pastury Dan aneder either native or exciic fomsts
flaifar. 1973, Selrer 2t al 1901, Blaschie ot ql, 199372, ks 1990, 1991, Hicks e . 1003,
LieRoce ot o1 1903, 1955, Philtiss af al 1900, Marden et al 1459, 7987, Bevgin of ol 2542,
Ielmmiem e, Foweep, 19%3). [0 apecific situations, 20 fpld increases in landsiide doneshe
haen beon observed following deforestation (CFTonghlin and Feares 19763 lng reazec
Lewlalide wocnrrence e fects deoeased slops sebility dice oy removal of the reinfercing
strenglh of wes roots (X Tmyrhfin and Femer 1923, and due tu choogpes slupe
ooy, Those roguaite aye alRo congjslent writh sediment yislds from peired
calcbiments (Hinks 1984} and studies af long-tare Zeke sedimentsiion [Fage and
Trualvum e prep ), which suggest ereases i sodiment produckion from dralnegs
hsirs of & m & tmes under pasties,

Landslides lend not to e sveniy distrihested withio regions, and are oflen cuskeeed
ino famulies” nelited 40 specHic 1iggering everts. Thase are asually high ntensity
shizens {Pyles and Byies 961 prodisdng saingall depths above cerbain enbical threslnld
walines (U nzier 1588) dhat vary samitoisg b oo precond idons o feiluse. i a nomnber
0F s1oin darrsge gappsamrents, EEeks (1990, 1991) aud Fooks et ol {1993 repeaiadby
Erancneleated that the way i which lendelide are Maleibuied on hillslbpes is el the
samig kalwesn diferert vegions. That i, mos hillstopes hive ibe or oo erosion, and
progoseiviiy fewer killsides e inereastoply higher levels of enoson. In statistical



tartes this prattern of erosicn fobows a bicowle! distribation. Cempansons of rainfall
et o roea erpded for dndividie| sormn events (Baler o i 1981, Crorier 1584, Dyles
and Eyles 1981, Byles of of, 13730 ahone theat, in gouerst, the kizhest lyvels of enosier, te i
ta carrespacn] with sicrm cartre whese ragnfall densdties and botals were highoni,
Furtherincre, aite specific studies which have conparad the sama hillvides wndar
Jifferand paindall conditions Eyles 1671, Sakase 1994 bave showe that iandslide
densitiss tend to e highes in rioras with highet rotul painfzlls. Page ot ul, (199-34) also
Inferied ficrsasing srgswn with JnTeasing storin inkengity fman the thickmess of
individual sediaend pulees, which showed seod conelation widi Lolal paivde]l for
indiviclual touns over tie Jagt 100 yoars,

within aceas that e had the sams toted radefall, -leve i wemably o prew weal af
waratan in kewlslide densitios, with intact hiisides irtersparad crmtag sthers that
bawe graded (Hicks g al. 1993, This wariabitity can be attzilnted 2o the difersnt
susceptibility of incividual hllsiopes to faitun, Torteolling fackey ate ifely by be
those that influence slops stability by sltering the balance beween shear sirongth
frexictance} and stees (sheacing) fozees {Crezier 280 These include vegetation i pe
frout steengthy, suil wliesion, internal argle of fdgrion of sob], slepo angle, weight of
sl (depth, bufl: density), anaf dope pdenlagy (developinent ar pone wWater TTEEELIE]
wwiely 12 in o conteotled by drainage Jmadecistics of Jw aofl. Most landslides
okt be expecil t0 ooone in Tayione swhere snils ame weakest” and prans o eguent
snil satueaHom: cn steey hillsides that aze copvergem i form, Tacking & forast cover, ere
weliere seils 2uee deep and sideelain by zocks which weather to produre 4 regodith with
Yo Erictier, anlz ard soil cobesion when satoried. Thers ace vory few aludiss in Mew
wpalarct fbad bave svamized, in any dereil e zedab o shig batsrgen andsde denaity
avd variation in oribical factars B slope ssbtlity accoss o yange of landfueins, althaugh
the effoct of ot sitength on slone stability bas feen Irvesdsgnied {0 Loagnlin aeul
Figmer 1952, Foiliing and Watsca 1996 Home sudies bave excnrined i Jetail Se
selkposnips bebvern siops form aned T glide foim and dacation (Byles 1973, Biong
1474, Eyles ¢ ol 1975, Crogier ot ol 198G, DeRose ¢! oL 3951, DeRese 1954}, A luges
nwmber i sludies {Selhy 187, Appendix 1) have measored the Fope angls of
Tundelice fasluree, bt not af] have messered o sufficent nusber, 1o constuck slepe
deslibukiens foe Lvge argas of hill vounly.

Slope frequency distbudiens

Thera i wenally a webl-defined Smiving slope for a given el of ithological, &0il,
beicolepical, and chimatic vonditions brluw el lardslides do o vecan, Figores 3,
2 and 3 show freqpeney dletriautions of slope angle for fndelides (uewaily shzar plane
elnpo) which have been memieariged from varicns sureeys. These shaw thad the Limdrig
shope for Jandslide socazneroe is bebwesn 38 and 247 for mest aress ol bill countryrin
#aee Mol deland, abeve J4s limiling slops, these iz an inaresce e the fequency 1



Gapecdslichien, resschiong o oo Bivesn 26 el 407, The foepoenc ) Gistrilotin of
slerer for Tueadelides I8 sheddlar o taat OF slop for flie Bilsloges on wehich landslidos
eoele fles, pareni elapel), Corsequenty, e decresss in equency of landslides on
straper slopes teflacs o dedeasing prapothon oF these bildops within Lorinage
lr=sine. and shers is usally an uppsr alope et el Tetween 3 and &0%; The mezan sigpe
of fand:lide Jisthhutions iz tymically batoeen 29 and 25" (Appendiz 17, with the
peotalile excopsion of prevwacks lthalogies Jn the Wollington rgion [Lavespne of gl
8T, Sope engle dl=bibulions (Figs, 1o 31 alzo show that faw larcdslides conar &0, or
irnmediately abore, imidng stopes, Tor thr puropose of companiscn batweeen rogions,
it 38 muzne vse il o consider & threshold ope above which 95% of Iandslides noeue
[Apzendly 1y, T this ease et landslldes oome ok siopes above 20 & 33° for most Ik
céaniTy akcns.

e wnakority of surveys mvestizeting tindsfide slope bave beer. conducted on pastuze
hillslapes, and while some bive oot corluctod wder feresk [Padn 1968, Talian 1973,
Jane and Geeen 1985, Blapshke 1608, resolts eoe often wot direetly campatable becae
fodmedod amats invarasiy wennio on Bheeper landlaess Any diffstence in slope
frequency disleibitions vsnally miecty a differemce o the frequency dishibution of
avent gopes. Poe esanple, Paie T84 showed that the mean slope for landslices: was
CA" gleeper undar Tarees, hul indicated that forested arese werz on steeper hilkslopr:.
Simvilarly, Blasshbe (1988] measieed & soever Inean (o Jandstides snder fovest
corppared Tith suvess by Defoee eb il {10731, but theve was a’vo o sirmiiar difterence
it the mest slapa of Adllslopes o which the surceys were condacked [Appendix 1).
Tenes, sty zh Lindslide densitdes eze Ceadly lower weder 2 (st cover, e is oo
gvidence to sumgest that the sinpe dismibogen, o Hinding slope, for laodslides in gy
difieront et gezen foreded o passute hillsfones.

T esalts snanarized B sppendix 1, howsves, mupgest that differenizs b slope
distitutions wery eelte to lthebzy. Landslides coour on penflect slopes whene
hitelopes are underiain by soft Terbary modetone and sandsicre lithologies. Thase
rock LYPES DRMT Gukensively ninng the eadr ceaet of te Morth Tslawl aied Jave beer
atudied in P foilting cukchoenin: Pakaraia [Croster 2060, Tangoda (Evles 1971),
Lake Tusm (Page o al, 199400, Oted (Harmsworth ¢ ol 19497, and Ernerald T and
Avai blatavead finc% Veld sl die Grawd 19500, OBrpoe {1967) consitdened that, co o’y
catrariuug audstome, seciors o ping slared on medacaraly steep slopes hotiveern: 2
an 20 Y. Lowest overall stope angles bave been messured for ldslides Lrggerad durng
C:.-'clunc Tale, _'pm'r,-i:-hs'__.r s OF Thi acst sabeere vaindall events bo accur this ceznbhary.
Mz Bopwes weeee 27,47 (i 7 Veld and de Graaf 19810} znd 59.6"(Fage e o, 1994£), anl
$3% theesiacld slapes vrera 16 amd 217, respectively, dnz lendeRcles migpeeeed during Hils
Cyckona Bptas (1971, whese survey ab Tangedo included ez 1938 AN AL sy event
ot simmilat recurmence interval o Cyeclune Eelal mezsuied o sean slope of 3247, and
55 %, of Jand slides coourres oo Blope stamietits Soepes then 247, By feee Iitenze, mede
oozt sooeer: gvemts, mean slapwes for andslicing mnge foose 25° [(Cruzder IO e 5367
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wdernsiipraie (e exteet of dEndelicicgr on stoeper hiflsiopes (=525 Howoever,
igacslida dengity intormation (Fed) torlinms Pt stope feduemeyr dafy g 283 2
be use to wstabizl agpoesionle siope threshold cendiions for landsliding, lac
sugsess 1t fuHber shope swb-division ia srmewhat avbitrery.

Similar cenyiieians v oo Craol by atlher sucveys, Exles (2571 indicated an incrsase
in the propertion (20 and 56 %) of Atk eoliles covered by landslide scaes wiken
slage ineressed Froen 24 1o 30°, B additon, hillslope sepments steepes than 307 had
frost of  iheis fength covezed by TandsHde sears, sugmesting a high densliv of
Lndzliding. Sater ab el [1251] showed that tre decsity of landsliding was grealesl fe
22257, arc 70357 sope clasees. These eesults ave not pavticulerly vseln®, hawrevor.
bz af Al Tiread sinoe inrecvals, Lyftan of o, (1979) propused o elsssillon jon of
lansslidu paoteniial in e Charleston-Ponakaitd iegion based oo slope angle of
langforns: Eat o rolling bifsdapes (U-32°) hud o negllgbte or stight polendial;
mederately steep $o ateey hillalapez {23 30°) had a moedurate potoatialy and sleep avul
vary steep nillslopes (5307 bad 2 severe b very gervere potendal for lndsicing,

Lnnclians

Previows reseercl bas sstablished that landslide erosion imomaksy areas of steep hilf
oLy s much ove extensive cit pashie Fillslopes Hat noder either exnlis ot native
Igiesle. The resule conenacizsd o e ercicie, sl that in addition, Swncdeline coosions
ia comined to hillsinpa abave cavlain clove enghee, While it is cleat thif illsiopes
steeper thim 307 are parlicolarly peore to londstide crosion in most areas of hill
cowrttry, Filtsispes peatier than 207 remaine largely veeffecred, and Dilladopes el sen
0 e 3 may have cifferent landstlde sasceptbitiy, sed resultant landslide
depsitiee. depanding on the lacad sell and bydrological canditions that affect stope
sialdlity. I partoalar. thresivld slapes {or landeliding vary avenrding L ldao oy s
falloses: atenve 20° op Lillslopes underlain by =oft Toctiary eeodatone and sandzslons,
Mo andesile, and desply weatherod grevivacke; nhove 27-28 on Sillstapes
urdaerlair by hard sawdutonis oG zhave gbous A5 nr nillslopes imderiadn by ha g
grayweacks Whers Jesp colievis! s averliy greywocks rocks, Bhe gdlope Timile Lions
ynay be similar to Teriary dibkologies.

Licsder o 1educe sodl erosion ar mdtgale e hezeaed fram landstiding, neferestotion
of staap slapes showsld e congidersd as s prafemed land use aplion, Taodstily eresicn,
Renvewer, Ts only oo isped of susminabiiiy in R conniey, and all wepeds of Tast
meragemwal should be eaimined belore srsdering shipe angle &s & mudng 3 g
parsicular lind e acivities. Tha sunas sumomaciced i ihiz adicle, nevertheleas,
pru wie oeeful foroaton abaet slcl'.u_-, ﬁusuql.[:fti]:fi!':.l::f o danedslide failare shat couldd
Ralp et gaidelines for umre effecizve s1vtataalhe laad ssan Morth fsiand Sk counlo,
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Slepe defined austainability critesio for landslide s

Freguany distbutions of landsfide slope angls ars by femanss insh fceat for
defindrgt  Jioesalioese o Ticed vee jesteep kil coontsy. Addithmad snfrmation is
mespairedd ahant ik dessity of lainddiding in relation b alspa sngie of hillsiopes, snd
this mayr ot be apparent fom frequency distnbuotions for landslldes alone.
Uniertnrately, very feesmusieps have iamasured this relabenship. One cxzmpl= in
Cacndeii hiti conmtry (Cefase 1935), shmved a finear increase e the average density
of Jand slidess o Tdilsdcdes, with messasing soean slope shavne FR2E°. Th resnls (Fg
4y sumrpest tho? Tequercr divtribufion of Tandelide sthope sngles (Fe. 20) tends to orer
e rnale (e exienl of pandsliding on U modal cdass [(28-327 of Mallsio pez, ol meady

L]

a=

o LY LE] 2]
kn - i 4 =]
'IIIIlJI.II.II

LS B L LR LR I N B N LI

™
(=1

g e B

Area of Jands fde scarg %G hills ide)

18

& il 15 n 25 in a3 40 LR ]
Mean slopa angle of hitside . {9)

Eig. 4: I'al ares of contempueary landshde seas on B'sides of Brd-order Srainage basing o
thiz Makabm siady site, plotics ageinst mean slope. Sofld Jirs seprasents aveoage o,



i}

{<d

iBlong 1574

i
gl ]
=1 ]
-3
-
e
i
T T T T T T 71171
LA I N R R E RS B R AR K B A ¥ TS P P [ e Bt et B R
I
= | Easthowme Wpraranee alal, I042)
- -
1
§ o J
B ko
I r
H -5
e i
0 7 H T ] @ H s
AR VR kN o C R S R R LR TR U g S G R T R T ]
et F
_ 13 pTFakaraka omzieretal TOAM
[T =
e L
N
[ f=
Bae 10
= _
L S B T B IR 1 e B
B O3 11 TR 131 WHoUE S 25 0T IS 08 WO AL AZ 2% 66 49E 51 ST 56 20 25 L0 el
2 -
gg Jhames, Le Argha 5 Wl atal 1HITH
- ..
fran ds E-
e wkE
5 35E
e i
T
Boo ol B f
w13 o z
SE A R R
= ! . ot Pt bl
E‘ . TR He B e '\.Tl T T
[ - ] 1

ri
B % 18 12713 15 78 M v g xg ch b T 9 o3t T2 b L 83 38 Gg apoan JL A6 SE £ 2 4

Slope angle 17}

Fig, 3 Fraquency distribaetion of slope apcle t20 varios Bhalogics: ) wetherad
grarwacka; (b hatd greveeachke; (o) et Tardany madsbonn Ssandstone: and [d) Lifdcmne
andeslie,



{Harmeworth gl 19677 and lhreshold slopus fage fom 24 to %, Clowsly, eloroe
disrributinas of landslides rebabe 10 cainall conditinng, with ther barger wagnitice
raindsh evemts prodaring & grester numbet of landslides on gerdler slapes,

Sl acyghe distribartions appear b bir pimdlse for erashed Crafaceoug sedstones and
sltemmating, nudsione and sendstone lithologies. (Flowghtin and Fhany 11956;
indicated that sleluw debos sides and avalandws o Wangaty Foress corue
predomitunily an slopes orer 257 Phifips f HIGEY meegntad § IeET scope &F 337 oy
landshicses in the Waitnhaiz catclument. The slandard deviation Sz the slape disailusl s
s 77, sugmesting that mvest landsiides cocurred above 117

O hifislopas wnededain by bewed Techiscy sandetone Rthalogies, lan Zelidan promr moes
frequenitly Ln stocper slapes wier (ompared to saitar lithaiowrios (32 1). Mean siopes
for famdalldes are 52 40 357 with ¥4 % of andslides oocurring or, shopes above 77
8- (DwRose 1892, OLowgdin and Pearue 1576). The threchald siopa for lapdslidmyg voae
spimnd to deensge foomn 55 tor 287 wih increasing rainfal) inbnstty Teilese 19943
inLaht. '

Besrarch om hillsiopes underten by Bemd Jusasic greywacke (Eyles o0 @l 1578,
[avience «f o 1953 indicates, thet althoagh some bind:lides acor dows Lo 207, 93%
2f landsiidas orctir on natnzal £opes (as opouded 10 out snd 04} alove 33 10 3%,
i Zcikimy au gven steeper threshold siope comwpased welih havd Terbary sandalnnes.
Besns slopes for landsiding wer 44,37 i Bastbowme [Eawrence eb al. 1962), and 497
in amd abant Wollington city {Eyles o ol 3978). Crogier geal. [1990), investgating the
stamility of collwrvium-flul badiock holltws i e Sefment tron, found that slupes
failed i TEDe where eoliovial fills woere deeper than 1.5 wnoand slope i Qe cases
v derd 757, Where grey wacks rocks are deeply weathimed amd feene allerzd b clay
1ch regolita, o ilides nocur mabs Gagrently oo gendler lapa anglas, anv imguercy
sistribnatoms 2ie mnre coopaTaaie vt sofL Tertiney Hehologles (Fig- 3a). Mean slaps
for lacwdslides very fom 38.6 (Pali 1808] to 5¢* {Seflby 1976}, and 2 theeshoed slopa of
20* 5 interpretad foom glope dats m the Mangawhza Conbiment [Hlomg 1974)

Fawr oy lithalogics have Toen investimate:d widch yield suikble shane irfarmation.
Saiter e ol (193} weeveatigaled tandshde dowsity on hillslopes wnederlsi by
predominzialy weailed solt bHucens anlesite over a large arva iz the Thames - To
Avoha resion Alttough slope inturvaks wee Frnad [Fig 3d), beisg desived bom the
domstnact slope in the MZLES, most luulslides ocsurred i slupes eweeding 267, The
slogee angle distributoon I3 similar 2 those R soft Tertaey lithoingigs. Landeldes on
Migeape apdesibe in the Kaima: Range {Tane ans Cogen 1963 have a leniting elope of
157, and sl slopes ot 91 tu 427, depencding on land{irtn elevatior,



Hicks DL, Fleicher 1., Bylis G0, MFhoil CF,, and Werson 20 1925 Bresion of hill
saunty in tie hlaneeate-Wangecol reglon 1692 Inpaces and optics ar
sastaineble land vse. Londears Roserrch  Combrevt Repert 00 #0441, Manaeki-
Wlhenug, Landzare Heseasch MZ Lid, Falinorston, MNoxth, deys Zealand, Sop

ticks M. 1ORE: Thfferancen in susperded cediment yield Fom basing estabtizhed in
UstuEs Al 50 egic Focest, Nen Zedand Uydvelogdiat Sociely Confeooics, T35

In 't Weld G, and de Geas B, 1990: Erosfon damage as a sesnkt of Cyelime Bals an
memarng il on Aral Watwwad 2pd Emerald FHils propertien, Bast Cozet Reyrioe,
Morth Tland, Rew fealmd, Morsh-lday 1990 Focest Reseerch institate,
Ministry of Faresizy Jeport and Appendices.

Jame 5T and Green 755 A 18675 Morpho.ogy and inculedee of landylides @ the
Filling} Ravge, Motth Isdand, Mew Zeaband, New Zeglined foorned of Cenlogy et
Ceapiusios 26 7184,

Laffan M. 1079: Slape stibility in e Charleston-Prnakaitd region, Jomth Tdaul,
Paw Foeland. 1. Lancslide polentizl. New Zenland Joarnel nf Soioece 22 1853192

Tamberct 3.5, Trustium BLA., and Coskal] T34, 1984: Tffect of soif slip srosicn on
seasznally diy Waizarapa hisl postares, Wew Zerlud fowreal of Ageécubinrl
Feserch 27 Fr-rd,

Lavrsnse 1.1 )., Seluger M7, Deptedpe DR, Caklay DI end Eyles BT, 1083 Laazlip
and ilording hasend |n Easdegurne sotough: 1 goide for plarsdng, Wb and Gl
*imceluneons Palficaline Ne, 37, Wakes ol Sodl [ivision, Mindstey of Wa'ks ana
tievalapment, Wellingr. 475

[arden id., ¥iillips C.T, and Roeean [ 1922 Land-vse planming systenes - e fora
chasspe? Broccedivgs of tha W2 Associchan of Sl wnd Witker Comsermation, May, 1989,
Fifsonn: 37 48,

Mazdien W, Phitkips £ , aod Rowan 1992 Decling 508 oss with fncmwezsng age
of plantation forests i fle Varea Cacdimient, Last Cond mgion, Nurth Iskand,
Do ¥izaland. fri Ilenrgues DU (B, 1997 ke proceadivgs af ife frteraskions
Contfargnce ove Susiminahle Lond Maradenmenl, Augaest 1351 Mapier, Neg Erelind.

Mardan 8., and Fowean T 1904 Prodclire value af vezemtion on Tatliary (armain

Lafore and durine Cyclene Bole, Fast Uoast, Mocth Bl Tew Zealand. Mo
Zeaturizd fozrned of Toreat Hydiotogy 3320 155 2ol

13



Ffanawstr Wanganui RBeginnl Council. 1997 Kegions! lend Llanagemsen: Plan,
Tiscussion Epconent. MWEC, Palmerzeos MNorth, 3Ip.

BeinneRie AL 1977 The pecocrphoiogionl and hydrodopicel reeponse of e 20
December 207 stoem, Sk valley . Lingalifizled TS Does) fhesfc Wit
Univeraiy of Wlingion

TleCanchie A, 1980 Bopiicatlor ut lendslide schiviby for ciban doirsge. Mew Zealae
Joarrweal af Myl AR R

D hene T P67 A comglation of cidl s with snils, topagiaphy and eposicn in
He Cbomiv-Faer Const Reglon. Mew Zachanrt Jonemal of Geoloe ) ans Cesyh ics 16!

fp——
17251

OLomszliin {20, and Fearce AJ. 1978 Iafluence of Cenozofc sculogy on mass
murwement il 2edioend vield mespanee o fopeet emasal, Moz es lansd, Tiew
Feainmd. Bulletfi of e Internaifomad Aviocivtivn of Eegdmeering Ceolagy 1o 41-40.

Loughlin T, awl Zhamer BRIV The jmporiancg of root strength and
desterivralion vates on the edophic stability in steepland forcsts', i Certon Wbl
end Alfametion @ Subalmme Eociystens ce o Koy Fo Sdomegenicidd. Frocesfings of

International Tinion of Tersst Seseerch Crguudsetions, August 1832, Cepon Slale

Urdwverzisy, Corvallis, Oregon: 7578

OrEangluin O3, and Phing B, 1935 The blaere of (230 g cowing eonifer plantatians
om, shalipe anrlsiding and sarihflemwr mowemeot in MNewr Z2aland steaplands,
Ly Fopesf Puriprmacnf and Silmiceiters (Frocecdiegs 166 IIFRO World Congracs,
L:rbf_j'mm._, Yué‘(lm‘ll‘i.‘fﬂr ,:.:E'L"h!'.lﬂ_!.';:" _J!jn'iﬁ_:' UJ.'TJ. ]_, Val 22353200,

Page ME, Toasliom MLA., gind Delkoee B.C. I88Ea; A high resclubion reoomd of stoar,
irdwmead acaeion frore T ek sedimunis, Mew Teabod. T st 5" Paleolimantngy i1

F53.348,

Page M1, Trostrizn 134 sod Dvmend L4 D99 Seciment budget w axeoss the
ppearrii bk effecy af a gpclomic stovia, Peavs Zealand. Ceomrorplolvgy % 169-188.

Pagre WL, aoed Trugtiaen ™A Tn prep): | ame Biolocery lake sedimeny revordd uf e
Eroaion risperde B fand use changs.

Pein .8 1265, Mass mumvemrent and vezatation in e Oecoe River colcnougd, Hiowe
Langes. Trpubizshied MLa Thes's, Thniversig of Aockland.

14



Fhillips O 1 1968 Genmorphic affecs of bwo wiomms an the coper Waitihat Rive
calchoent, Buakarars Peninsuls, Mew Zealanst, feeested of Tladrdony 27020 G0
112,

Fnitlios C1., and Warson AJ. THGWL Srmctural frew oot nescct in Meee Zzalard: a
reviety, Lanudeare Reseascly Scfance Ceries Mo, 7. Muanald Whenus Preas,
Linguh, Catvetbury, Naw Leslond. Tlp.

Failliag £].. barden bi., amel Posere &7 1990 Rifectivenes of suforsstation on
mrevention acd conimol of Jandsliding during faegs vetowie storius. Paoeediogs
af Wee X ILIFRG Confrance, Awgnet T30, Monteal Day. 1, ¥l 1- 240-350.

Sulter BT, Ceippen T4, and Kookl A 198). Storme damege astessment of the
ThamorTe Areha s feliowing the st nf Apeid 15951, S Conservatme Cotbre
Avkateng. ffernel Bopoer Mo 44, Ministry of Works asd Dovelupoent,
Aokaubses, B,

Selbry NLE 1976 Slopae ercsicn dise fo extreme mminfall & case shudy foorn Blew Foabiod.
Cemniskn dmnaler 3040 131-134

Sa'by bLE 1997 Slope stebility stodivs in Mo Zealand. T Muaevay TLL, and Ackrayd
F. {Bds.), Phwsical Thdooiogy: Mew Zepmnd Experiense. Mew Zealand
Flvdreological Sociery: 120-134

Taramuki Bogional Council, 995 Fropoeed Reghomi Poliey Staemens for Zarandixd.
'IREZ, Sematband 177p.

Frusiium i.A., Thon as V., ol Tanbe d G185 ol i crgsion as 0 constzaint

Eo Tnill counkry paghre praductan. Procedinge af the Mow Zoala Crassiandz
Asspcinbioes 380 G-,

5



MEE

WL A

- 31 U EE it ] wi L [E=TN | A LELIIFRT FaIR Pl
Jf-iT #u? B F=t] (e TG - 3" Ly RWEE EE SRR i LA g
_ BRI BRG] ACRRLY 17 1A
o =L Ao suz 2x HH HRR[ RECTEER FIITITE S B TH - ie]
aipenngd an;

HTH - el 2Pl athing s mneeadad [0 [£26T)
LEy LK tEAE ik Gl LGE - - Rl e fonn -tREn gy RILTTLN e jgm ELICEELE!

EREEELL]|
T 1z bl-IT Ly 0T il =T LiRER: YL L) [l
1= TENg [Ei= AN Ty,
Soag nL T ULE | Ly A 5007 A Ak, Arseaap LR, H S ARLENEN
B . FE RN K] iz, AN
T i, e =1 TES e [ [F) [ e iRl Al g [EARE Ll BT R BT

TEMN n_u_q.z.._._n_.n i

17 Hi: L FiEr= atl £ L AT ArIUAT “RARSRARL AT anE

Ty Il falen] 1y anm g,
[ ik EERT SBE 1 i L e ArkLp, I, Lt Ly

Ayt
R TN g,
ET i gl FIo F) - - AFHanl b AT ANNEL] POl g, rzegreedir
LRI LT LTV R L
A ] 1IAT 240 __u_h._:.:_ﬂ Jaca ELES]

LA |y rasy [ty TRLAG wrgpeesTy, AHncunr; s Sy

CERERTETT ]

T I P TR

L



13pE uSAAA I T e,

ALYIpELLE - fepy

TR - sl

TAUNLRE 2 Rps

&0

Lk
e

Bu~hi

-l
o EL
a-Ad

L=l

o

RN

M

B

BEl

il

£
ik
£

2I-44

Gl

0

Jrn

1=

pesr S

Heiali

Ly

LBt U oy GEaE Lo

ared el wEm )y

2d-0RdT ajaad e

pug e
B L amd ay

chaml RSy
da [
12
e imen
10z supeed

- stentd

L ey

Teefal Jertay

RENI RN |

Lz
SRy

Arng

ICELE e

CLL )

e
-1z

A g
il vy

Mq=3auc
*IEILY

1T 153

PG

EIRLUPETE
IEF IR

A0,

[H JE T
Aaergeny,

ATMAIEY
Jemage)

1) Mat SRR

RIETTR]

FoHE E]]
Lo |

FRAIEL

apmpuz
My

oy
gL

Uy &,
-REMERIT,

Al
‘oRyCnIE Ly

Nz kL

flag S
W

[HLAE LAET]
UML)

Azjus sy

umieagaay
SN Ling

PSSR
LTl N

Ay ey

o1} s
(12512
N iR CRLA

[uqalsdaga

3 nhy

(kL)
RENERLLN

WL SN AE
P iy oo

LTI 1]
TGOURITE

(241
._F_a .u_..fu.u_l:v..n.._.

lizénlamard |

e

apami g prnesile]

17



YREES FOR SURVIVAL - S0 WHAT

Theee For Sureisitl s goowa frow o 3
year tal pregac innwiting 3 sefeols
pFredacing oy 20K platd par s
wfa m‘;l‘:b?r.;’.'ffrnj:r’wnfd ek wpth
J) pehools griwing ot G 25,000
plares per year, fn abdirlon, sEirugt it
sl pfien mafies Rosamy and ot
sovfer clifs, Bt b now o Cledtels
Temse, yasher Bap @ atang Progniinme.

Wpw tiar ohe proficr & oaw beger o
"Roeary Troleer’) Pm}‘-‘fﬁr}‘: of awelt in
@ sorook I wpl merassonill refimet en
inmaipame s of @ Rpeary Chib, W i
Frivietd £ et Hoern f5 2 cmUREETaL Sy
soneE grour o Frovtid ongebng support
g the sofieed - HHat growy may R g
_':I_sg;:'r'm." Coarell]  Londegrz (oo,
et Servics Ol ghe Juell o grang
2l e e Beinial cost of Flocy o
Witnr Gewimg Ut o2 sefesd
(F5000) pls e eagoing costs of
JTeTng sesifing (E2-Y000 per years and
sFot aruing fenest and suppert &
fae f‘f.'.rjﬁci.

The Treet for Surdoal Mongporesr
Cowgnitter R Been estmifaied &
previde  ungiig coprdimetion el
Arsnme fo ol e Sornled nhm £
project, T fncfiedes 4 mogmipr
weivslpiter, & “Frewiy  Flws
Sureweyfuily” ofdcn, and proviion of
‘broudiz :f;act!'rg’#.aft‘i.mjbr wRIES

184

AEEIORAL QOUNCIL'S BEREFIT

Porgnze fhz dip ef’“fre.if lf::'r Sarzzetd o
i it erens for erosion easiro! Tatkar
thar  sfrojgnc  Bequtticotton or
sepegesgeion, Rpclosal Coumedy  and
Vs eeneler van Fewsfis frone aopport
of tie umits, in getting fron plmied for
grasiin comerel, 2 f menbrem S

cock b 1ag dRemay, :

Yar g{mPJ.‘a, i the Hvefhnd Kenlan,
the Seil Carwermarior assiifs te scfses
npoied wit S prgraome G
Memafy femu # pleat on Sl
cosrfinate #ie  ploncng oy, awd
Prcz.'qun,f Betie o Loy e,
estgblfsimant  medfons,  amd  owior
farpit, s TEGUINEY G TR ﬂf
time, Fad vy Eﬂ.!‘;ﬂ_ﬁﬂm:!!lﬂ'ffﬂj:![ﬂf.

In adgiiipr, the A%C fAoze poniidy
spartsard o plrcement of @ wnit in ¢
sefieol asracfaced wiit m Lapdoare
grouy, witd B affweatian of M Elaris
g fyooehe it Selyy B
respoRsibitly of the Laovdnare Groug.
Thiy woull ofie Fe onowell wdh
TBegchatre [ Coittzare /oy O
e,

Iy ﬁu_y -;:,‘- E‘f&rrt&r. Wty oment
BOP Fiper Thgimers Ampe placed a
wndf T the Fafien Sedoad b o



71
Journal of the Royal Society of New Zealand
Volume 38, Number 2, June, 2008, pp 71-87

Nitrogen inputs and outputs for New Zealand at national
and regional scales: past, present and future scenarios

R. L. Parfitt!, W. T. Baisden?, L. A. Schipper?, and A. D. Mackay*

Abstract The Nanjing Declaration on Nitrogen Management calls for national
governments to optimise N management by several strategies including assessment of
N cycles. In New Zealand, reactive N continues to be added to the environment mainly
by biological N fixation, and increasingly from N fertiliser additions. Here, we extend
our work on N budgets in 2001/02 for New Zealand (267 000 km?), at both national and
regional scales, to 1861, 2020 and 2050. We first attempt to estimate the N cycle for 1861,
the year of the first census and when European settlers were beginning to clear large
areas of forest for agriculture in some regions. For the future, we adopt two scenarios:
agricultural production increasing at 3% p.a., and a “cap and trade” scheme for N. These
scenarios provide instructive results by projecting two very different potential policy
directions into the future; they do not represent predictions. The 3% growth scenario
warns of ever-increasing N loads on the environment. The cap and trade scenario (such
as may be introduced by regional councils) supports the development of a mechanism
by which farmers might constrain N losses without regulations being introduced. These
scenarios seek to provide farmers, industry and regulators with an understanding of the
large range of future possibilities. This paper highlights the urgency with which primary
industry must move away from increased production per se to systems where value is
added to products.

Keywords ammonia; clover; denitrification; erosion; nitrate; rivers; sediment

INTRODUCTION

Much of the New Zealand economy depends on agriculture and this, in turn, largely depends on
the nitrogen (N) status of the soils. The Nanjing Declaration on Nitrogen Management, signed
in Nanjing in October 2004, calls for national governments to optimise N management by
several strategies including assessment of N cycles (Iniforum 2004). Here, we make scenario-
driven projections of the national and regional N cycles out to 2050 to provide farmers, industry
and regulators with an understanding of a range of future possibilitiecs. We deliberately select
two very different scenarios to bracket the large range of future environmental outcomes.
Scenario approaches are now well known in the context of Intergovernmental Panel on Climate
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Change (IPCC) climate change assessments, and the evaluated scenarios are intended to
represent projections of plausible, simple and transparent assumptions. Individual scenarios
constructed in this context should never be interpreted as predictions of the future.

New Zealand is unusual in that the agricultural sector, a large part of which is pastoral
farming, is deregulated, unsubsidised, highly profitable, and accounts for 55% of exports and
17% of the gross domestic product. There is a drive towards increasing “value-added” food
exports. Since the removal of subsidies in 1984, production has greatly increased, and the
value of economic activity in the farm sector has increased by over 40% up to 2000 (Federated
Farmers 2002). Over this period, lamb weights have increased by 13%, ewe fecundity has
increased by 25%, and the average milk fat yields from dairy cows have increased by 20%.
The increased production in dairy farms is partly due to the increased use of N fertiliser.
Nationally, this increased rapidly from 50 Gg in 1989 to 350 Gg in 2005, as opposed to the
trends reported by most OECD countries (OECD 2001). The average dairy farm is approaching
the use of about 150 kg N/ha fertiliser per year. If the New Zealand economy is to continue
to achieve growth through the agricultural sector growing more forage, then more N inputs
will be required. Here, we consider a scenario with 3% annual growth in animal production.
This is a conservative position of the goal of 4% growth in returns set by the national dairy
cooperative (Fonterra) which also involves growth in animal production.

On the other hand, since export of nutrients from land to water is increasing (Hamill &
McBride 2003; Vant & Smith 2004; Scarsbrook 2006) some regional councils are introducing
schemes that call for assessment of nutrient budgets on farms. Environment Waikato is intro-
ducing the Lake Taupo Variation where N inputs will be capped for the Lake Taupo catchment,
and Horizons Regional Council has introduced in their draft One Plan, the requirement for a
Farmer Applied Resource Management strategy to establish limits on the N and phosphorus
leakage from intensive land uses in priority catchments, based on the natural capital of soils
in the catchment. Both regional councils are recommending that farmers use the Overseer®
(AgResearch 2005) model to obtain nutrient budgets.

Our work also follows that of Galloway et al. (2004) who assessed global N cycles for 1860,
1990 and 2050. Galloway et al. (2004) used global scenarios generated for the IPCC to bracket
a range of realistic projections. It is critical to understand that scenario-based projections
presented here and by Galloway et al. (2004) are not predictions. Instead, we develop model-
based projections based on clear and explicit assumptions that bracket the range of possible
futures. For this work, no predetermined economic scenarios were available for New Zealand.
Thus, we define two future scenarios designed to illustrate the potential differences resulting
from very different environmental policies. Neither scenario represents “business-as-usual” or
a baseline. Instead, we use our models to project an aggressive intensification of agricultural
production as well as a “cap and trade” approach to N management.

We estimate flows of N into and out of regions in the North and South Islands of New
Zealand for the years 1861 (the year of the first census), the season 2001/02, the last year for
which there are many complete datasets, and the years 2020 and 2050. The 2020 and 2050
projections represent two scenarios: (1) annual agricultural production growth of 3%, and (2)
capping and trading of allowable N inputs. Some of the data we have used for 2001/02 are
an average of several years, ranging from 3 to 20 years. We include annual flows into and out
of plant and soil ecosystems, including livestock, and also flows involving waste treatment,
cities and towns. The boundaries are the oceans, the atmosphere above plant canopies, and
the aquifers. We do not include the internal cycling of N from soil to plant, and plant to soil,
that occurs several times within a given year, particularly with livestock grazing systems.
Losses go to the groundwater, to the oceans, to the atmosphere, as exported produce, and by
burial. We highlight those N stocks and flows that are reasonably well understood or at least
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well constrained, and also identify those that are poorly known, to point to areas for further
research.

BACKGROUND INFORMATION FOR THE N CYCLE IN NEW ZEALAND

Climate and regions

New Zealand has an average air temperature of around 13°C, and for most populated areas,
annual rainfall varies between 800 and 1500 mm, evenly distributed throughout the year.
However, mountains greatly affect rainfall in some areas, and the range of annual rainfall is
400-11 000 mm. Summer drought occurs about one year in three over one-third of the pastoral
land, generally on the East Coast.

New Zealand’s 16 regional authorities (councils) were established in 1989, and their
boundaries are based on water catchment areas (Fig. 1).

Wet and dry deposition

There is little data available for deposition of N in rainfall over New Zealand but where
measurements are available they are generally in the range 1-5 kg N/ha per year (Nichol et al.
1997; Vant & Gibbs 2006). There are some notable exceptions. Where the rainfall is over 2 m,
the input is in the range of 3—6 kg N/ha per year (Neary et al. 1978; Mosley & Rowe 1981;
Baker et al. 1985; Oyarzun et al. 2004) and it probably increases with rain. These values have
been used here for regions of high rainfall. The general input of N by wet deposition is taken
to be 1.5 kg N/ha per year in the absence of contributions from sources such as agriculture
within a region.

Ammonia is emitted by volcanoes and fumaroles, the amount emitted at the Wairakei
geothermal field being about 2 tonne of N per year (Ellis & Mahon 1977), and these data have
been extrapolated, assuming there are 50 similar geothermal emitting areas. This ammonia from
volcanoes, along with the much larger quantities of ammonia volatilised from pastures, can
be re-deposited onto land, and we estimate that 50% is added by dry deposition onto forests
and trees (Parfitt et al. 2006).

Erosion

Erosional losses from soils delivered to the ocean, lakes and reservoirs were estimated for
2001/02 by multiplying the national erosion C loss surface averaged over 12-20 years (Scott
et al. 2006) by a national soil C:N ratio surface in ArcGIS. The model of Scott et al. (2006) is
consistent with the recent erosion model of Dymond & Betts (unpubl. data) and gives us more
confidence in the numbers we have used. The national soil C:N ratio surface (0—10 cm) was
generated through multiple regression using LENZ climate data and soil order as predictor vari-
ables explaining the variation in C:N in the 0—10 cm range in the National Soils Database, Soil
Carbon Monitoring System Database, and 500 Soils Project (all held at Landcare Research).
Burial in rivers and on hill slopes also removes N from the terrestrial environment, and we
assumed burial is equivalent to the losses to the sea. For the West Coast of the South Island,
however, the Alps are adjacent to the ocean, and because of the steep slopes we assume there
are no zones for burial of sediments. For the Gisborne region, a correction has been made to
recognise that half the eroded C and N is derived from deep bedrock (Gomez et al. 2003).

Denitrification

The annual loss for indigenous forest is likely to be about 1 kg N/ha (Barton et al. 1999).
Nitrogen loss from inland and coastal wetlands not connected to agriculture is assumed to
be 10 kg N/ha per year (Groffman 1994). Pro-rata amounts have been calculated for regions
based on areas of Histosols and wet soils.
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SCENARIOS

N inputs and outputs for 1861

In 1861 the indigenous population (Maori) was 56 000 (McKinnon 1997) and the population
of settlers was 99 021 (Evans 1956); 30 000 of the settlers were in six towns. There were
2.76 million sheep, 193 285 cattle, 43 270 pigs and 28 275 horses. The settlers had planted
19 735 ha of grain crops and 5247 ha of root crops, and had established 63 940 ha of sown
pastures (Evans 1956). The Maori people were growing commercial crops as well as cultivating
crops in gardens. The area of forest was estimated to be 13 million ha, the area of “open” land
was 11 million ha, and tussock grassland was 3 million ha (McKinnon 1997).

N deposition was estimated from Parfitt et al. (2006). About half the deposition would have
been on forest in the west of the South Island, where the rainfall is often >2 m. Legumes had
probably been introduced by 1861 but the P status of much of the cleared land was low (Walker
& Syers 1976). Therefore, the average input of N from legumes on this land was assumed to
be 5 kg N/ha per year, though there is considerable uncertainty in this number. The amounts
of N lost by erosion processes were estimated from the amounts lost in kg/ha per year for
forest and for pasture in 2001/02 (Parfitt et al. 2006). These rates were then applied to areas
of forest and cleared land in 1861 (McKinnon 1997). Since grazing was more extensive and
there was less pressure on the land, these values may be overestimates. Nevertheless, large
amounts of erosion were occurring in 1861 (Kettner et al. 2007).

Leaching of N in low-fertility ecosystems occurs mainly as dissolved organic N (DON)
(Perakis & Hedin 2002; Oyarzun et al. 2004; McGroddy et al. 2008). Nitrate-N is also leached
from soil; for land with low inputs of N it is usually between 1 and 4 kg/ha per year (Neary
et al. 1978; Mosley & Rowe 1981). As soil fertility and inputs of N increase, leaching of N
increases (Galloway et al. 2003). In 1861 it is assumed to have been 2.5 kg/ha per year in
lower rainfall areas, and 4 kg/ha per year for the West Coast region which has greater rainfall
and consequent leaching volumes.

Within New Zealand native forests, N is fixed by a few native species such as Coriaria
arborea Lindsay, lichens, algae and free-living microorganisms. Data suggest this can range
from 1 to —10 kg N/ha per year for conifers and montane forests (Sollins et al. 1980; Matzec &
Vitousek 2003), and that it varies with rainfall and soil fertility (Benner et al. 2007). McGroddy
et al. (2008) suggest that the N status of New Zealand native forests is generally low, so we
assume N fixation is 1.5 kg N/ha. Denitrification was assumed to be 1 kg N/ha for forest, 1 kg
N/ha for cleared land, and 10 kg N/ha for wetlands and organic soils.

N inputs and outputs for 2001/02

We have previously reported on the N budgets for the regions of New Zealand for the season
2001/02 (Parfitt et al. 2006). Briefly, we used spatial information, population data and inputs
and outputs for grazing animals, based on stock units (SU) equivalent to the number of
breeding ewes per hectare in 1980. We used the following factors for SU: beef cattle, 4.83;
cows and heifers (over 1 year, usually Friesian/Holstein) in milk or in calf, 7.3 (Taranaki re-
gion, 6.7; usually Jersey); other cows, 4.2 (Taranaki, 3.9); breeding ewes, 1.18; other sheep,
0.7; deer, 1.8; goats, 0.9; and horses, 4.0. There are several minor modifications to the Parfitt
et al. (20006) results. We now set N fertiliser inputs at 309 Gg (MFE 2005) and ammonia-N
volatilisation from N fertiliser at 10%. We have allowed for a decrease in N fixation arising
from the increased use of N fertiliser since 1985 (Parfitt et al. 2006). We have also allowed
for a decrease in N fixation of 1% p.a. arising from the infestation of pastures with the clover
root weevil (Sitona lepidus Gyllenhal) since 1996.
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Here, we have used the Overseer® model to estimate the N leaching for dairy, sheep and
beef land for slope classes above 15° and below 15° for each region. We used national average
SU and fertiliser rates. We have measured leaching losses of DON under pasture in the range
4-8 kg N/ha per year (Parfitt et al. 2007) and here use a figure of 5 kg N/ha for pastures.

N inputs and outputs for 2020 and 2050—3% growth scenario

By 2050 the human population is projected to increase from 3.7 to 4.8 million, with 2 million
living in Auckland; more people will live in the North Island and fewer in the South Island
(MED 2003).

In this scenario, with 3% growth per year in animal production, the largest pressure is the
requirement to feed the animals; a three-fold increase is generally needed by 2050. It is assumed
that 8 million ha out of the total 12 million ha of grassland are available for improvement since
4 million ha are steep land with low-producing grasses. Projections for the N cycle are based
on the following assumptions. For sheep (on 4 million ha), the number of lambs surviving,
from a fixed number of ewe SU, increases by 3% p.a. until all ewes have surviving triplets
(2033); thereafter ewe SU increase at 2% p.a. The utilisation of feed (i.e., percentage of above
ground net primary production consumed by stock) increases by 2% a year from 65% up to
a maximum of 85% (by 2020). The feed required for these animals is also met by increasing
pasture production using N fertiliser up to 100 kg N/ha per year (by 2035), and then (since all
available land is used and increased pasture production is not possible) by importing feed from
overseas. All calculations were based on SU where 550 kg dry matter per year are required
for each SU.

For beef (on 2 million ha), the stock units increase by 2% pa, and the utilisation of feed
increases by 2% a year from 65% up to a maximum of 85%. The feed required for these
animals is also met by increasing pasture production using N fertiliser up to 100 kg N/ha per
year (by 2022), and then by importing feed from overseas.

For dairy cows (on 2 million ha), the production increases by 3% p.a., and the utilisation of
feed increases by 2% a year from 70% up to a maximum of 90% (by 2015). The feed required
for these animals is also met by increasing pasture production using N fertiliser up to 200 kg
N/ha per year (by 2011), and then by importing feed from overseas. Using these models, the
inputs and outputs for 2001/02 have been extrapolated out to 2020 and 2050, generally using
the methods developed for 2001/02 (Parfitt et al. 2006). 2020 was chosen because it represents
an inflection point where feed has to be imported.

We assumed the following: all pastures produce an extra 15-20 kg DM for each kg N fer-
tiliser added (AgResearch 2005); the N concentration of imported feed is 2% (Parfitt unpubl.
data); denitrification from pasture soils will be 35 kg N /ha per year (Barton et al. 1999). Esti-
mates of ammonia volatilisation are based on SU (Parfitt et al. 2006), with 10% volatilisation
occurring directly from fertiliser. Clover N fixation is reduced as a result of N fertiliser additions
(Parfitt et al. 2006), and the effect of the clover root weevil. The infestation of pastures with
the clover root weevil is expected to spread nationwide by about 2010, and N fertiliser will
be needed to compensate for the decrease in N fixation by clovers in pasture. The amount of
fertiliser required will depend on the impact of the weevil, but it may be 100 to 250 Gg N; it
should compensate closely, and approximately equal the loss from damage to clovers (NZIER
2005). We have assumed a low impact scenario here, because the effect of infestations since
1993 appears to have been overcome with small applications of N fertiliser.

We estimated leaching losses and gaseous losses by running the Overseer® model for each
region for highly developed dairy, sheep and beef farms in 2020 and 2050 using the SU and
N fertiliser rates derived from our 3% growth models. For dairy farms in 2050 the growth
model showed that 780 kg N in imported feed would be added per ha together with 200 kg N
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fertiliser; Overseer® predicted the nitrate-N leaching would be 350 kg N/ha and atmospheric
losses would be 320 kg N/ha. While these data are extreme and unlikely to ever be permis-
sible, they do serve to highlight the outcome of the 3% growth model projection.

N inputs and outputs for 2050—cap and trade scenario

We designed a simple cap and trade scheme for New Zealand, to limit the quantity of reactive

N in water. Since diffuse discharge to water cannot be traded using current scientific knowl-

edge, we impose a cap on N fertiliser of 472 Gg N; projections suggest this amount will be

sold in 2011. The simple approach allows a sensible scenario to be calculated but may differ
from more politically realistic cap and trade schemes in which adjustments to the cap can be
made at regional or catchment levels based on environmental quality.

We make the following assumptions:

e To reduce erosion, pine is planted on soils on soft rock with slopes >24%, so pine planta-
tions increase from 2 million ha to 2.9 million ha, farm and pasture hectare decreases by
0.9 million ha, SU decreases by 5 for each hectare of pine

e Other animal numbers and SU stay the same as in 2001/02
Farmers will grow more maize to feed the livestock, and the N concentration in animal
excreta will therefore be reduced

e Most dairy farms will use winter feed pads (some of which may include a “herd home”) so
N waste can be better managed, leaching of N is halved from dairy farms, and denitrifica-
tion is increased from 10 (in 2001) to 20 kg N/ha

e Emissions of ammonia will increase from 2.1 kg N/SU to 3 kg N/SU, as a result of larger
concentrated areas of animal waste

e N,O emissions from animal excreta decrease by 30%

e Nitrate leaching in pasture under sheep and beef increases from 2001/02 by 30% as a result
of increased N inputs

Unresolved gains and losses

The difference between outputs and inputs of N for New Zealand is estimated at 133 Gg
for 1861, 82 Gg in 2001/02, and 79 Gg in 2020. It is in balance for 2050 since inputs are
predicted to be so large that they generate losses of similar magnitude. The cap and trade
scenario generated a net annual loss of 82 Gg N. There is considerable uncertainty in some
of the inputs and outputs, whereas others are well constrained. The largest uncertainties arise
in the estimation of N fixation by pasture legumes. Not only is there a large year-to-year
variation, because of different weather conditions, but there are almost no data on the effect
of the clover root weevil on N fixation. The outputs are constrained to some extent by the
inputs. The amount of N that is immobilised by soil is unknown; indeed, there are indications
that the N is being remobilised with net losses of total soil N for some lowland pasture soils
(Schipper et al. 2007). There is uncertainty therefore as to how much N is lost by leaching,
denitrification, volatilisation and erosion.

RESULTS

1861
Inputs of N into New Zealand were dominated by deposition (63 Gg), from legumes in cleared
land (51 Gg) and other biological N fixation (BNF) (20 Gg), giving a total of 133 Gg (Table
1).

The N outputs would have been erosion (153 Gg), especially in Hawke’s Bay, Tasman,
Southland and the West Coast, leaching (72 Gg), denitrification (27 Gg), fires (11 Gg), exports
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of N in wool (1 Gg), ammonia volatilised from animal excreta (1 Gg), and effluent (1 Gg);
giving a total of 266 Gg (Table 2). This suggests there was net export of N, occurring mainly
as erosion in the areas where there was large scale clearance and burning of tussock grassland
and forest. Export of N from the West Coast, although it was naturally forested, was also high,

Table 1 Annual inputs of different categories of nitrogen (N) for New Zealand by region for 1861.

Area Legumes Other BNF Atmosphere Fertiliser Imports Total
(sqkm)  (GgN)  (GgN) (GgN) (GgN) (GgN) (GgN)
1 Northland 12 696 3 1 2 0 0 6
2 Auckland 5104 2 0 1 0 0 3
3 Waikato 24 500 6 2 4 0 0 12
4 Bay of Plenty 12 271 2 1 2 0 0 5
5 Gisborne 8361 0 1 1 0 0 3
6 Hawke’s Bay 14172 6 0 2 0 0 8
7  Taranaki 7256 1 1 1 0 0 3
8  Manawatu- 22211 3 2 3 0 0 9
Wanganui
9  Wellington 8125 2 0 1 0 0 4
10 Tasman 9654 1 1 5 0 0 7
Nelson 424 0 0 0 0 0 0
12 Marlborough 10 494 1 1 2 0 0 4
13 West Coast 23363 1 3 14 0 0 18
14 Canterbury 45039 10 2 7 0 0 19
15 Otago 31922 7 1 5 0 0 13
16 Southland 31775 5 3 13 0 0 20
Islands nd nd nd nd nd nd
Total 267 367 51 20 63 0.0 0.04 133
Table 2 Annual outputs of different categories of nitrogen (N) for New Zealand for 1861.
Denitri- Ammonia
fication Other volatil-  Erosion,
Produce Leaching insoil effluent isation burial Fires  Total
(GgN) (GgN) (GgN) (GgN) (GgN) (GgN) (GgN) (GgN)
Northland 0.0 3 2 0.1 0.0 5 2 11
Auckland 0.0 1 1 0.0 0.0 0 0 3
Waikato 0.0 6 4 0.3 0.0 7 1 18
Bay of Plenty 0.0 3 1 0.0 0.0 7 1 12
Gisborne 0.0 2 1 0.0 0.0 11 0 15
Hawke’s Bay 0.1 4 1 0.0 0.1 33 0 39
Taranaki 0.0 2 1 0.0 0.0 7 0 10
Manawatu- 0.0 6 2 0.0 0.0 12 1 21
Wanganui
Wellington 0.0 2 1 0.0 0.1 5 1 9
Tasman 0.0 2 1 0.0 0.0 19 1 23
Nelson 0.0 0 0 0.0 0.0 0 0 1
Marlborough 0.1 3 1 0.0 0.1 1 1 5
West Coast 0.0 9 3 0.1 0.0 18 0 30
Canterbury 0.2 11 3 0.1 0.4 4 1 21
Otago 0.1 8 2 0.1 0.3 4 0 15
Southland 0.0 10 4 0.1 0.0 20 2 35
Total 1 72 27 1 1 153 11 266
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but this was probably matched by the high N rates of deposition from the Tasman Sea to the
west.

2000/01

The national N inputs were estimated to be 1023 Gg (Table 3), mainly from biological N
fixation, but also from fertiliser application and atmospheric deposition. The outputs were
estimated at 1105 Gg (Table 4). Biological N fixation from legumes in pasture was the most
important input in most regions. Exceptions were Auckland, with a large urban population, and
the West Coast of the South Island, with large tracts of rain forest. Outputs were distributed
in the order leaching > ammonia volatilisation > erosion > produce = denitrification. Pastoral
agriculture accounts for 85% of the inputs and 80% of the outputs. These results are consistent
with minor methodological changes introduced since the Parfitt et al. (2006) N budget for
the same period.

2020 and 2050 growth scenarios

The growth scenarios suggest total inputs of N increase from 1023 Gg in 2001/02 to 1482 Gg
in 2020 to 3565 Gg in 2050 (Tables 5 and 6). Inputs of N into New Zealand will be dominated
by fertiliser and clover up to 2020 and then by imported feed and fertiliser in 2050. Fertiliser
use reaches about 1000 Gg by 2035 and it is assumed N fertiliser then remains constant as a
result of agreements between land owners and local government. The input of N from pasture
legumes consequently falls from 461 Gg in 2001/02 to 383 Gg in 2020 to 355 Gg in 2050.
Import of feed increases from 187 Gg N in 2020 to 1610 Gg N in 2050. Deposition, mainly
from ammonia from animals, increases from 175 Gg N in 2001/02, to 238 Gg in 2020 and
to 532 Gg N in 2050.

The total annual outputs of N increase from 1105 Gg in 2001/02 to 1561 Gg in 2020 and to
3550 Gg in 2050 (Tables 7 and 8). Outputs of N increase significantly for produce, leaching,
denitrification and ammonia volatilisation. Overseer® predicted a leaching loss from pasture

Table 3 Annual inputs of different categories of nitrogen (N) for New Zealand by region for
2001/02.

Pasture legume  Other BNF  Atmosphere  Fertiliser  Imports Total

(GgN) (GgN) (GgN) (GgN)  (GgN) (GgN)
Northland 22 3 9 17 1 53
Auckland 6 1 3 7 11 28
Waikato 67 5 26 76 4 178
Bay of Plenty 17 4 7 17 2 48
Gisborne 15 2 5 4 0 27
Hawke’s Bay 32 3 10 13 1 59
Taranaki 22 1 7 19 1 50
Manawatu- 68 3 18 31 2 122
Wanganui
Wellington 18 2 5 7 4 37
Tasman 5 2 4 5 0 17
Nelson 0 0 0 0 0 1
Marlborough 9 1 4 3 0 17
West Coast 5 3 14 9 0 31
Canterbury 69 4 24 60 5 162
Otago 52 2 16 17 2 89
Southland 53 3 22 24 1 103

Total 461
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of 370 Gg N for 2020. The average leaching loss from dairy farms was 88 kg N/ha per year,
for beef was 35 kg N/ha per year, and for sheep was 18 kg N/ha per year. Our leaching loss of
468 Gg N also includes losses from farms under cropping. Denitrification is the process that
largely removes reactive N from the environment, but denitrification only increases its removal

Table 4 Annual outputs of different categories of nitrogen (N) for New Zealand for 2001/02.

Denitri- Ammonia
fication Other  volatil- Erosion, Trees,
Produce Leaching in soil effluent  isation burial fires Total
(GgN) (GgN) (GgN) (GgN) (GgN) (GgN) (GgN) (GgN)
Northland 9 19 9 2 14 6 13 60
Auckland 4 8 4 5 4 3 1.0 28
Waikato 34 48 20 8 44 13 2.1 169
Bay of Plenty 8 12 5 2 11 6 14 45
Gisborne 4 8 5 0 7 32 0.9 58
Hawke’s Bay 9 16 10 1 16 22 1.3 76
Taranaki 11 20 6 3 12 16 0.4 67
Manawatu- 19 29 17 2 30 21 1.3 120
Wanganui
Wellington 5 9 5 2 8 5 0.8 36
Tasman 2 5 3 0 3 14 0.7 28
Nelson 0 0 0 0 0 0 0.1 1
Marlborough 2 7 5 0 4 1 0.8 21
West Coast 2 12 4 1 4 18 0.4 42
Canterbury 24 51 27 4 35 6 2.6 150
Otago 14 32 19 2 23 5 1.4 96
Southland 16 28 15 2 25 20 1.0 107
Total 165 304 153 35 241 190 17 1105

Table 5 Annual inputs of different categories of nitrogen (N) for New Zealand by region for 2020
using the 3% growth model.

Pasture legume  Other BNF Atmosphere  Fertiliser ~ Imports Total

(GgN) (GgN) (GgN) (GgN) (GgN) (GgN)
Northland 21 3 14 45 13 97
Auckland 6 1 5 14 20 46
Waikato 63 5 39 125 51 282
Bay of Plenty 15 4 9 22 12 63
Gisborne 13 2 7 16 1 39
Hawke’s Bay 28 3 14 32 4 81
Taranaki 21 1 11 50 17 100
Manawatu- 52 3 26 69 14 163
Wanganui
Wellington 14 2 8 19 7 49
Tasman 4 2 5 8 2 22
Nelson 0 0 0 0 0 1
Marlborough 7 1 5 21 1 36
West Coast 5 3 15 14 4 41
Canterbury 54 4 33 91 20 202
Otago 39 2 21 69 8 139
Southland 41 3 27 40 11 121

Total 383
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of reactive N by about 300 Gg N. The output of reactive N (all N except for N, gas) therefore
increases from about 900 Gg in 2001/02 to 3000 Gg in 2050. Nearly all of the increase comes
from pastoral farming since the 3% pastoral growth scenario is much greater than for any other
land use; it leads to an 80% increase in land use by 2020 and a 340% increase by 2050.

Table 6 Annual inputs of different categories of nitrogen (N) for New Zealand by region for 2050
using the 3% growth model.

Pasture legume  Other BNF ~ Atmosphere  Fertiliser ~ Imports Total

(GgN) (GgN) (GgN) (GgN)  (GgN) (GgN)
Northland 20 3 35 57 123 238
Auckland 6 | 13 18 63 101
Waikato 59 5 102 152 432 750
Bay of Plenty 15 4 22 26 87 155
Gisborne 12 2 15 41 31 101
Hawke’s Bay 26 3 33 74 75 211
Taranaki 19 1 18 56 78 172
Manawatu- 48 3 62 127 176 416
Wanganui
Wellington 13 2 18 36 50 118
Tasman 4 2 9 11 20 46
Nelson 0 0 0 0 1 1
Marlborough 6 1 9 45 16 78
West Coast 4 3 19 15 31 73
Canterbury 50 4 76 164 200 494
Otago 36 2 47 149 98 333
Southland 37 3 53 58 127 278
Total 355 39 532 1029 1610 3565

Table 7 Annual outputs of different categories of nitrogen (N) for New Zealand for 2020 using the
3% growth model.

Denitri- Ammonia
fication in ~ Other volatili-  Erosion, Trees,
Produce Leaching soil effluent sation burial fires Total
(GgN) (GgN) (GgN) (GgN) (GgN) (GgN) (GgN) (GgN)
Northland 15 30 12 3 24 6 1.3 93
Auckland 6 13 5 7 9 4 1.1 45
Waikato 55 95 28 12 70 15 2.1 277
Bay of Plenty 12 24 7 3 14 6 1.4 67
Gisborne 6 12 8 0 11 32 0.9 70
Hawke’s Bay 13 24 15 1 24 22 1.2 101
Taranaki 17 37 8 4 20 17 0.4 104
Manawatu- 28 50 25 3 45 22 1.3 173
Wanganui
Wellington 8 15 7 2 13 5 0.8 51
Tasman 3 7 3 1 4 15 0.6 34
Nelson 0 0 0 0 0 0 0.1 1
Marlborough 3 11 7 0 6 1 0.8 30
West Coast 4 15 5 1 6 18 04 50
Canterbury 34 58 38 5 53 7 2.5 198
Otago 19 36 27 2 33 5 1.4 125
Southland 23 40 20 3 34 21 1.0 142
Total 246 468 216 48 367 198 17 1561
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Table 8 Annual outputs of different categories of nitrogen (N) for New Zealand for 2050 using the
3% growth model.

Denitri- Ammonia
ficationin  Other volatili-  Erosion, Trees,
Produce Leaching soil effluent sation burial fires Total
(GgN) (GgN) (GgN) (GgN) (GgN) (GgN) (GgN) (GgN)
Northland 35 95 24 7 66 8 1 237
Auckland 14 35 10 10 25 5 1 100
Waikato 130 315 52 27 196 24 2 746
Bay of Plenty 26 73 12 6 41 8 1 168
Gisborne 12 21 15 0 28 33 1 110
Hawke’s Bay 30 45 28 2 62 23 1 191
Taranaki 41 126 15 5 34 18 0 239
Manawatu- 65 118 49 7 118 24 1 382
Wanganui
Wellington 17 36 15 3 33 6 1 111
Tasman 7 19 6 1 12 15 1 61
Nelson 0 0 0 0 0 0 0 1
Marlborough 7 22 13 1 15 2 1 61
West Coast 9 38 8 2 16 19 0 92
Canterbury 78 149 74 10 139 10 3 463
Otago 44 95 56 4 85 6 1 291
Southland 53 90 39 6 87 23 1 298
Total 568 1279 417 91 956 222 17 3550

Table 9 Annual inputs of different categories of nitrogen (N) for New Zealand by region for 2050
using the “cap and trade” model.

Pasture legume  Other BNF ~ Atmosphere  Fertiliser Imports Total

(GgN) (GgN) (GgN) (GgN) (GgN)  (GgN)
Northland 21 4 12 26 2 65
Auckland 7 1 4 11 17 39
Waikato 66 5 33 116 4 224
Bay of Plenty 16 4 9 27 3 59
Gisborne 9 4 6 7 0 26
Hawke’s Bay 26 4 14 20 1 65
Taranaki 20 1 8 29 1 60
Manawatu- 53 5 24 47 2 130

Wanganui

Wellington 13 3 7 11 4 38
Tasman 5 2 5 7 0 19
Nelson 0 0 0 0 0 1
Marlborough 7 1 4 4 0 18
West Coast 5 3 14 13 0 36
Canterbury 56 4 32 91 4 188
Otago 41 2 21 26 2 92
Southland 42 3 27 37 1 111

Total 386
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Table 10 Annual outputs of different categories of nitrogen (N) for New Zealand for 2050 using the
“cap and trade” model.

Denitri- Ammonia
ficationin  Other volatil-  Erosion, Trees,
Produce Leaching soil effluent isation burial fires Total
(GgN) (GgN) (GgN) (GgN) (GgN) (GgN) (GgN) (GgN)
Northland 10 17 13 3 20 3 1.6 68
Auckland 4 8 6 9 6 4 1.2 37
Waikato 34 47 31 12 58 12 22 197
Bay of Plenty 8 12 8 3 15 6 1.4 53
Gisborne 5 3 4 0 10 23 1.9 47
Hawke’s Bay 10 13 14 1 23 16 1.9 79
Taranaki 11 19 8 4 13 15 0.5 71
Manawatu- 20 25 25 3 41 12 2.1 129
Wanganui
Wellington 6 7 7 2 12 2 1.2 37
Tasman 2 5 4 1 4 14 0.6 31
Nelson 0 0 0 0 0 0 0.1 1
Marlborough 2 7 8 0 6 1 0.8 26
West Coast 2 12 6 1 5 18 04 45
Canterbury 24 51 45 6 51 6 2.5 186
Otago 14 32 33 2 33 5 1.4 120
Southland 16 28 24 3 35 20 1.0 128
Total 168 287 236 51 332 158 21 1253

We also ran models that included increased use of irrigation to produce more grass in
summer. This delayed the import of feed for sheep from 2035 to 2042, for beef from 2022
to 2029, and for dairy from 2011 to 2018. The N imported in 2050 fell from 1610 to 1411
Gg.

Cap and trade

The national inputs of N increase by about 20% from 1023 Gg in 2001/02 to 1171 Gg
(Table 9). Most of the increase comes from N fertiliser and from the subsequent deposition
of ammonia-N as more ammonia becomes volatilised. Smaller increases come from the
increased area of BNF in pine plantations (Parfitt et al. 2006) and from imports. Clover N
fixation is reduced to 386 Gg as a result of both N fertiliser additions and the effect of the
clover weevil.

The national outputs of N increase by about 14% from 1105 Gg in 2001/02 to 1253 Gg
(Table 10) since fertiliser use increases from 309 to 472 Gg. Outputs of ammonia-N increase
significantly to 332 Gg as a result of increased concentrations of animal waste on dairy farms,
but this is balanced by increases in denitrification to 236 Gg N, mainly as N,—the form of N
that is not reactive. The output of reactive N, therefore, is about the same as in 2001/02.

As aresult of reforestation in hill country, the loss of N by erosion is reduced by about 20%
to 158 Gg. Leaching of N is increased from sheep and beef farms because of the higher N
status of the pastures, but is reduced from dairy farms in winter as a result of using feedpads,
giving a small net reduction in leaching (to 287 Gg).



84 Journal of the Royal Society of New Zealand, Volume 38, 2008

30 60
2001/02 ® 2020 (3% Growth) .
7
= = 7
8 20 g 40 :
< 1 £ °
g 1 2 3 g
hel L] L] el
£ 14 ° g 4 .
§ 10 12 eS5%,er 8 8§ 204 . eg &
2 [} 9 5 o 8
= o 15 46 = 16 o
* 84 6
L 10 ,.°
13 10 se12 1
13
0 . . . 0 ! :
0 20 40 60 80 0 50 100 150
Total N inputs (kg/haly) Total N inputs (kg/haly)
200 30
2050 (3% Growth) . 2050 Cap & trade .
7

= 150 1 3 = 7
£ . g 20 R
2 2 2 s
5 100 35 ! .
2 1 2 14 °
8 4 .2 3 * *
o cg . o 107 12 5 e 6t 8
z 50 16 14 o 8 z . 15 16 9

B, of 1'; : 8 1.3 0 s

®10 12 °5 5

0 T T T T T T 0 T T T T
0 50 100 150 200 250 300 350 0 20 40 60 80 100
Total N inputs (kg/haly) Total N inputs (kg/haly)

Fig. 2 Nitrogen (N) leached plotted against N inputs for each region (kg N/ha). The numbers refer to
the regional councils listed in Table 1.

DISCUSSION

There is increasing concern about the N loads on the environment in New Zealand; indeed,
the Parliamentary Commissioner for the Environment has outlined issues associated with
agricultural intensification and increasing N fertiliser use (McLeod & Moller 2006), calling for
redesign of farm systems (PCE 2004). While New Zealand regional councils have the authority
to introduce regulatory controls over land, none presently control the rate at which fertiliser
can be applied. Currently, the regional councils aim to work with farmers to optimise the use
of N on different land and farming systems, rather than use regulatory limits as a primary
tool. However, the Lake Taupo Variation will effectively cap N inputs for catchments and this
may lead to a cap and trade scheme. In the draft One Plan (Manawatu-Wanganui Region),
it is proposed to set N leaching loss limits, based on the natural capital of soil, above which
mitigation would be required to offset any additional N losses.

Our scenarios seek to provide farmers, industry and regulators with an understanding of
the wide range of future possibilities for New Zealand agriculture. The scenario approach
projects the relatively simple and transparent assumptions we have described into the future
using an existing national N budget (Parfitt et al. 2006). We emphasise that the two scenarios
do not represent predictions, but serve the purpose of projecting two very different plausible
sets of assumptions into the future. Under the 3% growth scenario, increases in N losses
to the environment are considerably more serious than in the cap and trade scenario. As an
example, we show the increase in N leaching for each region in Fig. 2. Generally, as total N
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inputs increase, the amount lost by leaching increases. Ammonia volatilisation (not shown)
follows the same pattern. Overall, the large differences in N budgets between the two sce-
narios emphasise the value of these scenario projections as an exercise in understanding the
range of possible futures. It appears that N loads in some regions of New Zealand (Taranaki
and Waikato) have already reached the levels found in Europe and the United States, where
regulation has been introduced to cap the N inputs (Parfitt et al. 2006). It is unlikely these
regions can absorb further increases in N loads without environmental impacts.

We emphasise that neither scenario represents a prediction of future economic or policy
states for New Zealand. Indeed, while growth in agricultural production remains a stated tar-
get, industry is taking steps to reduce environmental impacts in ways that are likely to reduce
N losses. In 2003, the national dairy cooperative (Fonterra) signed the “dairying and clean
streams accord”, and there has been considerable progress towards keeping cows out of water
bodies (MAF 2005); dairy farmers are gradually moving towards nutrient management plans
and some are introducing mitigation options, e.g., nitrification inhibitors or alternative animal
management (Monaghan et al. 2007). There has been little consideration given, however, to
the effects of increasing N loads as a result of the ongoing lift in total cow and per cow pro-
duction, and the trend of bringing more imported feed onto the milking platform. This paper
highlights the urgency with which primary industry must address the issue of N loads on the
environment, and move away from continued increase in production per se to systems where
value is added to products. Indeed, the annual growth model appears to be unsustainable in
the long term, unless there are radical changes in the farming systems.

Further work to examine policy options will require more detailed scenarios. The work we
present is limited in many ways by the lack of detailed scenarios, equivalent to the IPCC SRES
(Special Report on Emissions Scenarios) (e.g., Galloway et al. 2004) downscaled for New
Zealand. Such scenarios are only available internationally for very large regions and nations
(such as the United States). The development of downscaled scenarios at the resolution of the
New Zealand economy would make it possible to undertake integrated studies combining cli-
mate and water quality mitigation policies. For example, the impact of rising energy prices on
the cost and use of N fertiliser could be studied. However, the ability to address more detailed
questions such as the economics of N fertiliser use will require integrated models of economic
and biophysical processes. Although the short-term benefits of integrated modelling may be
questioned, our results demonstrate that over the timespan of c. 50 years policy settings can
make a large difference in environmental outcomes.

CONCLUSIONS

This study provides a preliminary analysis of N inputs and outputs for New Zealand, both in
the past and under two widely differing future scenarios. We find large differences in N budgets
between the two future scenarios examined. Despite the large uncertainty in some aspects of
the N cycle and the preliminary nature of this analysis, the large differences between scenarios
demonstrate that the range of plausible policy settings can have a profound impact on future
environmental outcomes over c. 50 years.

The construction of national N budgets, as completed in this study, should be an important
component of N management as outlined under the Nanjing Declaration. For New Zealand,
most of the large inputs are from pastoral farming and these are now well constrained by
the Overseer® model. The inputs also constrain the outputs such as products, leaching and
volatilisation. This exercise, however, indicated that there is large uncertainty in parts of the
N cycle under pastures, including ammonia volatilisation, denitrification to nitrogen gas, and
attenuation of soluble N in subsoils and headwater streams. These are areas that require further
research.
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A variety of additional policy tools and farm-based mitigation technologies can potentially be
included in similar scenarios, when it is possible to construct robust models for these options.
We note the potential benefit of developing a range of scenarios, following the IPCC approach,
applicable to modelling New Zealand’s potential environmental and economic trajectories.
Further refinement of these N budgets and scenarios should enable New Zealanders to make
informed decisions regarding the trade-off between economic growth of the agricultural
sector and the impacts of reactive N on the environment, and the degree of regulation that is
required.
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