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Executive Summary

The Ministry of Agriculture and Forestry (MAF), mssociation with Ministry for the Environment
(MfE), has engaged NIWA and five subcontractorsnébin Ventures, Harris Consulting,
AgResearch, HortResearch, Landcare Research)-stag8 multiyear project to address the effects of
landuse change on water quality. The resulting tiodesystem is called CLUES—Catchment Land
Use for Environment Sustainability.

The objective of this project is to develop, undeseries of contracts over several years, a compute
based GIS Decision Support Tool that is nationajplicable, relevant on regional and catchment
scales, and takes account of socio-economic impacgaurpose is to assess the links between rural
land-use, land use change, and catchment-leveitefdm surface and groundwater quality.

The CLUES project is intended to provide a “sustbla development” context allowing for
community, social and economic inputs in assestingeffects of land use and land use change on
water quality. The project was created because tiseno quantitative method available to link these
factors at the level of detailed required.

This report summarises progress in the second sfatiie project, where three main tasks have been
carried out (i) improving the user interface of thedelling system; (ii) linking water quality modgl
(iii) producing case study information which illustes use of the CLUES modelling system.

At the beginning of Stage 2, in August 2004, a vs8bdp was held to review progress in Stage 1, and
agree on proposed objectives for Stage 2. Thosgestives formed the basis of the Stage 2 contract:

» CLUES Catchment Modelling System Add new features to CLUES so that users can work
more easily with land-use change scenarios; Linkemeater quality models to the CLUES
framework; Redesign the user interface for CLUE8dhaboration with Environment Waikato

« Catchment Scale Water Quality — SPARROW Recalibrate the national SPARROW model for
total nitrogen; Carry out pilot testing at Enviroemt Waikato; Implement SPARROW model for
phosphorus; Improve the SPARROW groundwater model.

» Triple Bottom Line Effects of Land Use Change Develop functional relationships between
nutrient/contaminant losses and land-use type antensity; Develop functional relationships
between socio-economic outputs and land-use tygénaensity.

« Enterprise-Scale Modelling Develop 5 OVERSEERscenarios; Create database of SPASMO
predictions of nitrogen leaching for many combioas of crop, fertiliser, climate and soils.

Predicting the Effects of Land-use on Water Qualigtage I iv



* Mapping of Land Use, Soils, and Pollution RiskCreate national maps of both land use and soil
properties; Revise EnSus nitrogen leaching risk ehoHstablish and maintain FTP (file transfer
protocol) site so that project partners can rejiald efficiently exchange information

The above tasks have been completed, and a reviglshop held to discuss the results, which are
given in the body of this report. A serious comation arose during Stage 2 of this project, which
substantially delayed progress—two main sourcéaraf use information (Land Cover Data Base and
AgriBase) proved incompatible. This information vthe key to progress of the system as a whole,
and caused a number of consequential delays. Toenjpatibilities have now been resolved by only
using AgriBase data where it is consistent witloinfation in the Land Cover Database; otherwise we
have used the Land Cover Database.

The review of progress on the project has idewtifieneed to focus in Stage 3 on completing the
CLUES nitrogen component. Additional water qualignstituents do need to be added (e.g.,
phosphorus, sediment, faecal contamination), agsktitems have been included in proposals to Dairy
Insight and Envirolink for further development of GES.

Predicting the Effects of Land-use on Water Qualigtage I v



1. Project Objectives

The Ministry of Agriculture and Forestry (MAF), association with Ministry for the
Environment (MfE), has engaged NIWA and five sulicactors (Lincoln Ventures,
Harris Consulting, AgResearch, HortResearch, Lamd&&esearch) on a project to
address the effects of land-use change on watédityqua

This report covers the second year of a 3-yeareptofrhe objective of this project is
to develop, under a series of contracts over seymars, a computer-based GIS
Decision Support Tool that is nationally applicablelevant on regional and
catchment scales, and takes account of socio-edonmpacts Its purpose is to assess
the links between rural land-use, land use chaagd, catchment-level effects on
surface and groundwater quality..

The project is intended to provide a “sustainatdegetbpment” context allowing for
community, social and economic inputs in assessiageffects of land use and land
use change on water quality.

The objectives above are to be achieved by detiggrrogress reports and computer-
based methods which the stakeholders can use te thake assessments. NIWA and
its subcontractors will deliver the executable pangs and associated documentation
needed to make these assessments, and will alserdebpies of computer source
code that is created wholly within this project.

2. Project Plan

MAF and MfE have obtained project funding from @ess Departmental Research
Pool for three years, beginning in FY 2003/04. Eheave been delays in Stage 2 of
the project, so Stage 3 will take place in FY 20U6/A broad outline of the project
deliverables has been agreed in principle with Mafkd the tasks for Stage 1 of the
project have been completed: these have been eepiortWoods et al. (2004). The
tasks for Stage 2 are complete. The specific thskStage 2 of the project are listed
in Appendix 1. The tasks for the third stage wélfinalised early in FY 2006/07.
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3. Workshop 2: August 2004

3.1.

The second project workshop was held in Wellington 31 August 2004. The
objectives of the workshop were to review progiesthe first year, and to agree on
priorities and likely deliverables for the secorehy Introductory presentations were
given by Gerald Rys (MAF) and Ross Woods (projezder), and then science
presentations were given by each of the scienogdes.

Details of the workshop are shown in an Appendec(®n 17).

Proposed ideas from Workshop

Make a national map of land-use by combining threetu Land Cover Data Base
(LCDB2) and AgriBase (Landcare to lead).

From the extensive list of land-use types, gensgalio a shorter list, in
consultation with other providers (need to inclis@weral levels of intensity for
some land-uses, especially dairying). This list lddoe adopted by the project
(e.g., in Woods et a{2004) revise EnSus Table 9-3 columns 1 and 2seeMBL
list).

Proposals to include phosphorus, and then sedirmedtthen bugs.

Need work on land-use scenario generation. MAF tmegections for forestry,
animal numbers. Need software for scenario gemerats well as overlaying.
Need to decide if we want probabilistic treatmefiaad use where spatial details
are unknown.

TBL (Triple Bottom Line) model needs to expand ype of land-use, and in
geographical spread. Will work with OVERSEERInd SPASMO teams in
designing models runs.

Potential Milestones for Stage 2

Trial modelling system installed at Environment Yo (EW).

National map of current land use.

Agreed set of land use types.
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» Large set of SPASMO results.
« Have OVERSEER EnSus, TBL all linked to modelling system (CLUES)
«  SPARROW model delivery and attenuation componexdslibrated to include:

i. OVERSEER/SPASMO estimates of nutrient sources, instead of
SPARROW equations for sources, and

ii. groundwater processes.
» Agreed classification of rain (5 classes) and @tlypes).

 Assemble source material to support scenario ggoerasummarise it, run
workshop with EW (and MAF, scientists, plannersjjémerate scenarios.

4. Workshop 3: July 2005

The third project workshop was held in Hamilton 2% July 2005. The objectives of

the workshop were to review progress in the sectage of the project, and to agree
on priorities and likely deliverables for the thsthge. Introductory presentations were
given by Gerald Rys (MAF) and Ross Woods (projezder), and then science

presentations were given by each of the sciencades.

Details of the workshop are given in an Appendiegi®n 17).

5. Stage Il Tasks

The list of potential milestones for Stage 2 wesseabled into a proposal to MAF,
and after negotiations, a contract for Stage 2 dvawn up between NIWA and MAF
(see Appendix 1: Contract Objectives for Stagewijh NIWA subcontracting to the
partners. These objectives are reported on indlienfing sections of this report.
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6. Objective 1. CLUES Catchment Modelling Framework (NWA)

A range of new features and functionality has beohed to CLUES GIS framework.
A user can now change land use interactively onstineen with the aid of a mouse
and subsequently overlay the new scenario on drm&tat boundary to predict the
yield of nitrogen, the extent of nitrogen leachargl the economic cost of the land use
change. These features are the result of inteagr®@@PARROW, OVERSEERand
the HARRIS Consulting (HC) economic models. Someakwbas also begun on
incorporating SPASMO into the framework. At the ¢imf writing, a small amount of
cosmetic work remains to be done to improve therfate, in response to comments
from end-users.

The main development has been the GIS menu sholew be Figure 6-1, and it
builds on the toolbox developed in Stage 1 (Sechonf Woods et al. 2004). The
toolbox is designed to work within ARCGIS 8.3 or BRIS 9.

Set barrier unmark barrier query results Set land-use class erase land-use

CLUES - Catchment Land Use & Environmental Sustainability

Model CLUES + | -F x & % [0 ~| € ||Daiy ~| & update land-use scenario | %

mark start reach\ clear all Scenario selection  sketch land-use
for query update land use
Run model unmark start reach

Figure 6-1:  CLUES toolbox with new functionality developed ita§e Il. This includes tools to
sketch, overlay and query new scenarios.

Some of the CLUES user interface capabilities veeqglained in the Stage 1 report
(Section 5 of Woods et al. 2004), and others amathstrated in the following sub-
sections.

6.1. Land use change scenario tool

New land use scenarios can be created “interagtiesd up to 5 different scenarios
stored and queried. An area on the screen isg@tover an underlying map of
catchments and current land use. This is done gilmpkelecting a drawing tool and
sketching over an area of an existing land use omafhe screen. The sketch can be
edited and changed easily. New land use classeasaigned by using a drop-down
tool and selecting a class. Currently the followlagd use classes can be selected:
dairy, sheep and beef, deer, grazing stock, fvitiulture, vegetable growing, arable
crops, forest and non-pasture.
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Figure 6-2:

6.2.

Figure 6-2 shows a screen shot of a new land uselsland the drop-down list for
selecting land use classes.
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2725003,17 635284721 Meter:

A screenshot showing a new area sketched out ightbgreen) to represent dairying
(where existing land use was “forest”). Land usesses can be selected from a drop-
down menu and assigned to new areas sketched.

Overlay new land use scenarios on catchment boundar

A newly sketched scenario can be overlaid on astiegi catchment map and land use
areas calculated for each river/stream catchmentudigg the “update land-use
scenario” tool shown in Figure 6-3 below. This ftioc only requires the entry of a
scenario number and the relevant catchment maplsiefae overlay procedure is
relatively quick (4 to 5 minutes) and once comptétnew scenario is available for a
model “run”. The overlay procedure will replace @iig land use data with the new
information entered. Current land use data ismethiwhere no changes were made.
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Figure 6-3:

6.3.
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Overlaying new land use with existing catchmentrigtauies consists of simply filling
out a form that selects the relevant catchment lagd nominating a scenario number.

Integration of SPARROW, OVERSEER® and HC (Harris Consulting) models

At the time of writing the SPARROW, OVERSEERind HC models have been
integrated into the GIS environment. When CLUE®scuted all three models are
invoked to produce outputs of “in-stream” nitrogaeittogen leaching amounts and the
relevant economic analysis. The SPARROW, OVERSEERd HC models are
described in Section 7.1 (SPARROW), Section 9 (O8ERF), and Section 8 (HC).

Figure 6-4 and Figure 6-5 below illustrate modelsbefore and after a new scenario
is sketched and overlaid. The resulting “in-streamifogen loads are shown by the
colours of the surrounding catchments for the teenarios.
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Figure 6-4:

Figure 6-5:
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A CLUES run with current land use.
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A CLUES run with new land use (where a “forestetBaaof the catchment has been
replaced by “dairying”).

The results of a model run and its associated lzdions can be viewed by using a
guery tool in the toolbox. Any part of the catchmeetwork can be queried to list
values for both current and new scenarios. Exampleglues listed are: nitrogen
loads, nitrogen leaching (OVERSE®Rand nitrogen loss (HC model), and economic
data such as GDP, FTE and CFS (HC). Figure 6-6 staovwexample of a screen query
of a river reach.
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Figure 6-6:

6.4.
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A screenshot showing the results of a query aderef the catchment where land use
has been changed from “forest” to “dairy”.

Integration of SPARROW phosphorus model

Now that the national SPARROW model for New Zealbad been completed, a first
draft model is available for the effect of land-udeange on phosphorus loads in
rivers. The method for generating the phosphoraddas described in Section 7.1.3.

To implement this in the CLUES user interface, \aeenadded to the CLUES Toolbar
an extra button to allow the CLUES user to togghtween viewing the maps for
estimated nitrogen and phosphorus.
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Button to toggle
between N and P
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Figure 6-8:

Map for phosphorus load, obtained from the scréemwa in Figure 6-7 by clicking

on the new toggle button. Legend for phosphorssigsvn at left
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6.5. Proposed next steps

e« Add new features to CLUES framework so that users work with land-use
change scenarios.

« Link more models to the CLUES framework: SPASMQyised OVERSEER,
more Harris Consulting models.

 Finalise user interface for CLUES framework so st easier to use and
understand.
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7. Objective 2: Catchment-scale Water Quality - SPARR@W/

7.1.

7.1.1.

This work has been carried out by NIWA and Linc@lntures.

SPARROW for surface water

Recalibrate the national SPARROW N model

The SPARROW nitrogen model was recalibrated to tate account the new land-
use maps (which are discussed in Section 11.1}fenihtroduction of OVERSEER
nutrient budget model predictions of the nitrogeaching from pasture as a source
term (see Section 9 for a discussion of the OVERSERutrient budget model). The
calibration data was the same set of National Rivgater Quality Network data and
point source as was used for the previous SPARROMIemincluded in CLUES
(Elliott et al. 2005, Woods et al. 2004).

Introduction of the new land-use

As a first step, the model was re-calibrated usignew land-use maps (see Section
11.1) but applying the model form used previouslZLUES (Elliott et al. 2005). The
resulting parameters are given in Table 7-1. Theuracy of the model's fit to
measured data and the coefficient values are sirtvlathe values obtained from
calibration with the previous land-use. This denti@iss that the new land-use can be
used without model deterioration. Considering thatnew land-use is based on more
complete statistics and opens up the possibiliiesiding further land-use classes and
an OVERSEER component, this new land-use data should be useéuture
applications of CLUES.

One noticeable feature of the new model is thatytbkel for the ‘other’ land-use was

zero (this coefficient was constrained to be nogatige). This land-use category is
dominated by land-uses such as tussock, high-cognazing, ice and rock, so it is

not surprising that the yield is small. Part of thason is that the load at monitoring
stations is dominated by land-uses such as treesthmr non-pasture land-uses.
Therefore, as long as the ‘other’ land-use has allsneld, the particular value of the

small yield does not matter.
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Table 7-1: Effect of the new land-use assessment on the moukdficients, for the original
national model form (see Table 7-4 for final mopatameters).

Coeff_icient Coefficient Standard
Coefficient W'.th with new _Error,
previous land-use with new
land-use land-use
Sources, B
Point source coefficient (dimensionless) 1.38 1.40 0.82
Dairy pasture land-use yield (kg ha™ yr™) 71.4 83.9 18.6
Trees land-use yield® (kg ha™ yr‘l) 5.87 5.77 0.119
Other pasture land-use yield® (kg ha™* yr™) 18.2 11.7 3.11
Other land-use yield ¢ (kg ha™ yr™) 0.830 0
Land-to-water delivery, a
Drainage term (per drainage index)d -0.238 —-0.266 0.100
Rain term (m’l)e 0.243 0.188 0.171
Aquatic loss
Decay coefficient for flow class 1 (Q<0.1 m? s‘l) (km‘l) 0.335 0.277 0.171
Decay coefficient for flow class 2 (0.1<Q<1 m® s"l) (km"l) 0.0917 0.109 0.0547
Decay coefficient for flow class 3 (1<Q<10 m® s™) (km™) 0.0245 0.0204  0.0086
Decay coefficient for flow class 4 (Q>10 m? s‘l) (km‘l) 0 0 -
Reservoir settling velocity (m yr‘l) 12.6 13.6 3.9
Root mean square error (natural log space) 0.33 0.35
Adjusted R-squared’ 0.956 0.949

# Trees land-use is the sum of exotic, indigenous, and scrub land-uses.

® Other pasture includes intensive and hill country mixed sheep/beef grazing, deer, other
animals, and ungrazed pasture areas, but excludes high-country grazing and grazed tussock

¢ Other land-use includes tussock and high-country grazing areas, snow and ice, open water
bodies, gravel, urban, horticulture, and cropland areas

d Mean-adjusted drainage index used in the regression. The mean drainage index is 4.18.

¢ Mean adjusted rainfall used in the regression. Mean rainfall is 1.855 m.yr‘1

¢ Squared linear regression coefficient (also called the coefficient of determination), adjusted for
the number of parameters in the model
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Another feature is the high yield coefficient faiy pasture land-use. Even after the
land-to-water delivery factors of rainfall and sdikinage class are taken into account,
the mean predicted yield entering streams for dcho@ents dominated by dairying is
approximately 80 kg/halyr. This is somewhat high riglation to the average
OVERSEER-derived nitrate leaching of approximately 20 kdyha for
subcatchments dominated by dairying. Part of tiighdr load can be explained by
forms of nitrogen loss other than nitrate leachsugh as overland flow, dairy ponds,
non-nitrate forms of nitrogen, and direct deposita@f wastes into streams that will
increase the loss of nitrogen beyond the nitratehHimg value (recall that the
SPARROW model addresstsal nitrogen). The OVERSEERmodel is not intended
to predict these other forms of nitrogen loss.

In the Waingongoro catchment in Taranaki, which 8% dairying in the catchment,
the predicted source of total nitrogen (from SPARRGs 61 kg/halyr, which is then
reduced by in-stream decay to 22.8 kg/hal/yr at rtfemitoring station, and this
compares favourably with the measured yield of Z4fha/yr in the river. The mean
OVERSEER leaching prediction for dairying in that catchméntpproximately 20
kg/halyr.

Continuous in-stream decay coefficient function

Previous applications of SPARROW (Elliott et al.08) showed that if the decay
coefficient is a continuous function of flow ratitban a step-wise function, then there
tends to be less overall stream decay and therpasturces yield is smaller, yet there
is in an equally good fit to the monitoring dataonSidering the large difference
between the OVERSEERnitrate leaching predictions from dairying and the
SPARROW yield coefficient, we investigated the ammbus decay function with the
new land-use. The resulting parameters, based ammttnuous function of flow and
using the new land-use, are shown in Table 7-fhignsimulation, the decay exponent
was constrained due to numerical convergence difiis. The model fit Rf) is
comparable to the step-wise decay model and thaydegefficient is now more
statistically significant, but now the dairy soureem is smaller (53 kg/ha/yr). This
suggests that to improve the compatibility betW@MERSEER and SPARROW, the
continuous decay function should be used.
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Table 7-2:

Model parameters with the new land-use for decasfficient K) as a continuous
function of flow =aQ®). See Table 7-1 footnotes for further informatiSee Table
7-4 for final model parameters.

Coefficient Coefficient Standard Error
Sources, B
Point source coefficient (dimensionless) 1.57 0.88
Dairy pasture land-use yield (kg ha™ yr™) 53.0 0.86
Trees land-use yield® (kg ha™ yr‘l) 4.00 0.61
Other pasture land-use yieldb (kg ha™ yr‘l) 8.41 1.87
Other land-use yield® (kg ha™ yr™) 0
Land-to-water delivery, a
Drainage term (per drainage index)d -0.226 0.0.098
Rain term (m™)° 0.274 0.091
Aquatic loss
Decay coefficient, a (km"l(m3 s"l)‘B) 0.0128 0.0047
Decay exponent, B -0.75
Reservoir settling velocity (m yr‘l) 11.3 3.6
Root mean square error (natural log space) 0.35
Adjusted R-squared 0.950

Introduction of additional land-use categories

The above models used four different land use etasdairy pasture, trees, other
pasture and ‘other’. This sub-section shows whaipbaed when we attempted to
introduce more of the available detail into thedlanse classification used for
modelling.

Introducing a land-use for combined tussock anth leiguntry did not alter the model
fit much, and the associated coefficient was zéfbe model is not able to
discriminate between this land-use and non-pastmeuses other than trees (such as
snow and ice, open water, or urban land-use).

Separating out hill-country pasture and intensiastypre land-use categories from the
non-dairy pasture did not improve the model fiteTheld coefficients were similar
for these two pasture categories. There is no lidodbe gained from separating out
these terms in the model. They could still be téas separate land-uses in CLUES,
but with the same source coefficient.

Separating the high country from tussock did ngbriowe the model fit and did not
alter the model coefficient.
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Separating out ungrazed pasture (non-tussock jgagfitih a zero stocking rate) as a
separate land-use did improve fRevalue by 0.5%, but this was only at the expense
of decreasing the significance of the stream decefficient. The associated source
coefficient was 0. These areas mostly occur aerslibetween properties, and for
convenience should probably be best consideredsxiated with the pasture land-
use.

Introducing a separate deer pasture land-use didinmorove the model fit. The
coefficient for deer land-use was high (comparabléhe dairy term), but had a high
standard error. Because of this, there is not gafft evidence to have the deer
coefficient separate from the other non-dairy pastand-use.

Inclusion of OVERSEER® leaching

An OVERSEER leaching term was incorporated by running the OSERF’ DLL

for each pasture land area within each River Emwirent Classification (REC)
subcatchment. The rainfall input and characteritittype (inputs for OVERSEER
were assumed to be constant within each subcat¢hiies stocking rates passed to
OVERSEER were determined from the standard stocking raies fgiven land-use,
slope class, and region based on MAF monitor fgsae Section 0). Another option
would have been to use the stocking rate assessieened from AgriBase, but it
was considered that the data quality of the stgrkiate assessment was not
sufficiently robust for that purpose.

Preliminary runs indicated that OVERSEERver-estimates the nutrient from grazed
tussock and high-country grazing areas. This is ur@xpected as the version of
OVERSEER used in this assessment is not tuned for tuss@asgDavid Wheeler,
AgResearch, pers. comm.). This could be addressedfuiure versions of
OVERSEER. Hence, for the time being at least, we did nat tee OVERSEER
leaching estimates for such areas: rather, theentityield from those areas was
treated as a calibration parameter.

In the first application of the model, we assunteat the OVERSEERIeaching is the
sole nutrient source for pasture areas and thatielieery term is not applied to this
term. This resulted in a® of 0.932, which is lower than the model basedamiiuse
alone & of 0.950). This was not improved by applying a tiplicative coefficient to
the OVERSEER source term (the calibrated coefficient was 0.8thwa standard
error of 0.14, an&® was not improved).

To allow for sources of nitrogen other than theat@ leaching, we allowed for
additional sources of nitrogen to be added to #styse terms, with some variation of
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this additional source between land-use classess iffproved the model fit to
measured loads (Table 7-3). Further sub-dividirgghsture land-use did not improve
the model fit.

The additional dairy term was responsible for tmg@riovement in the model fiR¢
increased from 0.932 to 0.948), and the coefficifemt this term is significantly
different from zero. This suggests that the add#iosource for dairying should be
included in the eventual model. This additionalrglderm is higher than the mean
OVERSEER-derived nitrate leaching of approximately 20 kdyha for
subcatchments dominated by dairying. This extnateould account for other means
of nitrogen loss, such as overland flow, dairy pnmbn-nitrate forms of nitrogen, and
direct deposition of wastes into streams. Themoisorresponding additional source
for other pasture land-uses, which suggests tleaadlditional sources are particularly
pronounced for dairying, or that OVERSEER under-predicting the leaching from
dairying in relation to the leaching from other fpa@s land-uses. Note that this applies
on a national-scale basis: the difference betwesryidg and other pasture land-use
could in part reflect climate, soil, or land-useigiions that correlate with land-use yet
are not incorporated in or able to be differentdtg the model.

Applying the land-water delivery terms to the OVERER® leaching did not improve
the model fit. This may be because OVERSEmBReady takes rainfall and soil type
into account, and the land-water delivery termkectfthe effects of these variables on
the nutrient source itself combined with the subised processing before the nutrient
enters the stream.
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Table 7-3:

Model parameters with the OVERSEERutrient leaching term included. See Table
7-1 footnotes for further details. See Table 7#fiftal model parameters.

Coefficient Coefficient  Standard Error
Sources, B
Point source coefficient (dimensionless) 1.70 0.94
OVERSEER® leaching coefficient (dimensionless) 1.0 Fixed
Trees land-use yield® (kg ha™ yr™) 4.63 0.77
Additional dairy yield (kg ha™ yr™) 32.7 10.9
Additional other pasture yieldb (kg ha™ yr"l) 0
Other land-use yield® (kg ha™ yr™) 0
Land-to-water delivery, a
Drainage term (per drainage index)d -0.442 0.167
Rain term (m™)° 0.298 0.106
Aquatic loss
Decay coefficient, a (km"l(m3 s"l)) 0.0226 0.0057
Decay exponent B -0.631 0.103
Reservoir settling velocity (m yr‘l) 11.7 3.9
Root mean square error (natural log space) 0.36
Adjusted R-squared 0.948

Yields for the urban, cropping and ‘other’ land-uses

The ‘other’ land-use includes urban land-use andtidudture/cropping. The
SPARROW calibration method does not have sufficgamtsitivity to derive loading
rates for urban and cropping land-uses, becausaaonéoring stations do not include
much of these land-uses in their catchments antb#tefrom such areas tends to be
swamped out by the load from other areas. Nevextbelend-users of CLUES are
likely to want these land-uses included to provalenore complete coverage of
different key land-use categories.

Hence, for urban areas, we introduce a fixed nénogjeld of 8 kg/ha/yr, based on the
‘typical’ value as recommended by Williamson (19%&)sed on a review of urban
stormwater quality data. This is likely to vary itainfall, degree of urbanisation, the
degree of stormwater disposal by infiltration, @héd degree of stormwater treatment.
However, we do not have sufficient data to incltitese factors at present, and so we
have applied a uniform yield for all urban areas. $imilar reasons, the land-to-water
delivery terms are not be applied to the urban témtnoducing this fixed yield did not
affect the model performance and had a very srifaltteon the model parameters.
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In the next year of the CLUES project, we intendnidude cropping and horticulture
land-uses, with nutrient loss determined from Igokiables derived from the
HortResearch assessment of losses for these |lasdasdescribed in Section 10. For
the time being, the SPARROW model does not takewattoof the potential for fairly
high per-unit-area losses from these horticultlanatl-uses compared with other land-
uses lumped into the ‘other’ land-use category.

The zero yields calibrated for the ‘other’ land-usay seem somewhat unrealistic for
some model users. It therefore seems appropriat@ss@gn a small yield of 0.4
kg/halyr to the ‘other land-use’ coefficient (tf@viest observed yield, excluding the
outlier Hakataramea site—this site is an outliend avas removed from the
SPARROW calibration, Elliott et al. 2005). As witte urban land-use, land-to-water
delivery terms were not applied to this source.

Final model version

The model terms and calibrated coefficients for B®ARROW model after taking
into account the new land-use maps, incorporatiERSEER, and including the
urban land-use are shown in Table 7-4.

These coefficients and terms are likely to be niediglightly in Year 3 of the project,
to allow for modified leaching predictions from awm version of OVERSEERand
the incorporation of leaching predictions for hauttural and cropping areas.

Given the discrepancies between predicted loads filee OVERSEER nutrient
budget model and SPARROW for dairy farms, it ioramended that in the third year
of the project the reasons behinds these discregsasloould be investigated.
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Table 7-4: Final nitrogen model parameters.

Coefficient Coefficient Standard Error P
Sources, B
Point source coefficient (dimensionless) 1.65 0.95 0.086
OVERSEER® leaching coefficient (dimensionless) 1.0 fixed
Urban yield (kg ha™ yr™) 8 fixed
Trees land-use yield® (kg ha™ yr™) 459 0.79 <0.001
Additional dairy yield (kg ha™ yr™) 33.9 11.3 0.004
Additional other pasture yield” (kg ha™ yr™) 0
Other land-use yield® (kg ha™ yr™)® 0.4 fixed
Land-to-water delivery, a
Drainage term (per drainage index)d —0.443 0.169 0.010
Rain term (m'l)e 0.290 0.110 0.010
Aquatic loss
Decay coefficient, a (km™~(m3.s™)™®) 0.0233 0.0058 <0.001
Decay exponent B -0.632 0.105 <0.001
Reservoir settling velocity (m yr™) 12.6 4.1 0.005
Root mean square error (natural log space) 0.36
Adjusted R-squared 0.947

& Trees land-use is the sum of exotic, indigenous, and scrub land-uses.

® Other pasture includes intensive and hill country mixed sheep/beef grazing, deer, other

animals, and ungrazed pasture areas, but excludes high-country grazing and grazed tussock

¢ Other land-use includes tussock and high-country grazing areas, snow and ice, open water

bodies, gravel, horticulture, and cropland areas

d Mean-adjusted drainage index used in the regression. The mean drainage index is 4.18.

¢ Mean adjusted rainfall used in the regression. Mean rainfall is 1.855 m.yr’

7.1.2. Pilot testing at Environment Waikato

Progress: CLUES team member Sandy Elliott met it from Environment

Waikato (leader Peter Singleton) on 3 June 2008igouss progress in the CLUES
project, and to begin system testing. Environmerdikato provided very useful
positive feedback — they are very pleased withptteeluct. They are now working on
generating their own land-use change scenarios.

Text of comments from Environment Waikato is shd»etow in italics:

We were very impressed.

Liked:
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«  Ability to increase loads for a particular land usgy., increase dairying by 10%

»  Clear presentation on screen and relatively sintplase

» Like the 'mask’ ability to change land use for eeced area. This would be used
as a 'rough and ready' tool. We would mostly usg &lalysis to change land use
and import the layer into CLUES.

Wish list:

*  We would prefer the ability to import our own dexvland use scenarios e.g.,
change pine to dairying on slopes <15 degrees.

* Inthe future we need to have other land usedllistethe 'clues input' panel

* Need ability to add user defined land uses e.grichsfarms (= sheep/beef +
20%). The user chooses sheep/beef and a 20% imcreaslification and can
name it 'Ostrich’; or intensive dairy (= dairy + 86); intensive sheep

* Another thought - can we have a table where weimaut likely N losses (yield)
for the land uses that sparrow is currently notccéditing. e.g., want to be able to
set cropping loss to a figure or give a figure #otic forestry and indigenous
forest (currently is only trees)

*  Would like to be able to accumulate totals fronesid sub-catchments within
the main catchment. Selected sub catchments needton highlighted in some
way so the user knows which ones have been added.

*  Prefer the OVERSEER® Nleach result only

* Nice to have a display option that shows yielda@ub-catchment basis without
having to use the GIS tools. Also a sausage optiorsimilar to show the
cumulative increase in stream load e.g., line colioustream goes from blue to
red as load increases.

*  On the toolbar there are many land use optionsthatmodel is not using all
these in its calculations. need to make it cleansdow that these land uses are
not being calculated for N losses yet. Suggesteg fpnt for the ones currently
not used and indicate which are classified as "timethe model. Maybe a form
showing what the actual land uses default to inntoelel.

Predicting the Effects of Land-use on Water Quatigtage Il 20



*  What about using actual land use in the catchmesdeahrather than dominant
land use.

* How about an intensity correction factor based ¢ock units. This factor then
adjusts the % yield effect by an amount (yet tdétermined). i.e., the base yield
value for the land use becomes variable rather tivesd

* An ability to click on individual sub-catchmentgdnring up a table with current
land use % area and being able to interactivelyt #ds and re-run.

* Important; we would like to be able to import ouwro scenario maps into the
model in-house.

Subsequent to the above meetings and review, Emaigat Waikato has funded the
development of additional features added to the E&UWiser interface, which will be
documented in the final CLUES project report.

7.1.3. Develop a National SPARROW model for phosphorus

A national SPARROW model for phosphorus was dewetlopsing funding from the
FRST-funded programme “Land Use Intensification:st8unable Management of
Water Quality and Quantity”, contract C01X0304. Tdevelopment of that model is
described in Elliot et al. (2005), and it has beémplemented within the CLUES
framework as described in Section 6.4.

The methodology for this SPARROW phosphorus mosi¢hé same as that used for
SPARROW nitrogen in Year 1 of the CLUES projectaflts, the SPARROW model
makes its own estimates of phosphorus yields foh éand use type, without making
use of enterprise scale models such as OVERSE#®R SPASMO. As phosphorus
predictions become available from such models, xpee& to replace the SPARROW
yield estimates for some land uses with yield estém from enterprise-scale models.
In the interim, the information from this SPARROWWRp model provides a useful
initial estimate for the whole country.

As with nitrogen, the modelled phosphorus loadsnftand areas, point sources, and
erosion are routed through the drainage network,@0 reaches for New Zealand)
with first-order stream decay and attenuation ikesaand reservoirs. Results are
shown in Figure 7-1. Model parameters were detezthioy calibration to measured

phosphorus loads in the national water quality netw(77 sites). The SPARROW

model for phosphorus was able to predict the measioads adequatelfR{ of 0.900
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and RMSE of 0.58). The predictions of exported phosus yields for streams with
catchments > 20 kivare larger than the previous measurements forpplaoss. The
calibrated stream attenuation and lake/reservaesravere broadly consistent with
previous measurements. The predicted load of ptabphorus (TP) delivered to the
coast was 63,100 t Yrwhich is 44% of the loads entering the streaneseRvoir/lake
attenuation makes a relatively small contributiorthte overall attenuation compared
with in-stream attenuation (8.5%). When examinihg telative contributions of
phosphorus from different land-uses across Newabeklthe highest contribution of
the load to the coast is from erosion (53.2%). Psources contribute only a small
proportion of the load to the coast (1.6% for TR)e monitoring network does not
include streams with catchments smaller than 10darmodel predictions for streams
smaller than 10 kfrshould be used with caution.

Figure 7-1:  Phosphorus yields 0-2.5 (white), 2.5-5 (grey), aBdblack) kg ha yr™*
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7.2. SPARROW groundwater extension

7.2.1. Review of SPARROW groundwater extension

The extension of the SPARROW model to include gdwater transport has a
groundwater network structure (Figure 7-2) that iogrthe surface stream network,
and a set of exchange coefficienB that quantify the transfer of water (and solute
mass) between the two. The basic element of theseorks is the reach, which is
defined in surface-stream terms as linking nodestath water quality is monitored
or predicted.

A
A
S = stream source S=g/w source
D = delivery to Stream D=delivery to g/w

A = Attenuation in Stream  A=attenuation in g/w
E=stream-g/w exchang

1%

Figure 7-2:  Extension to SPARROW to include groundwater (thd tmes represent new
components associated with groundwater).

The exchange coefficients are intended, in paractmunt for the lack of coincidence
between groundwater catchments and the topogrdpieiatures that determine the
conventional surface water catchment (Figure 7-Bje values of the coefficienEs
can range from —1: all groundwater contaminatiofilteates to surface water, to +1.:
all stream contamination infiltrates to groundwater

The computational procedure within the model caslbamarised as:
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Figure 7-3

* Calculate the contaminant load entering each reaththe stream and
groundwater networks

 Exchange contaminant mass between correspondinthegaof stream and
groundwater

e Calculate the contaminant mass flux at each node

Topographical catchment surface

Recharge to groundwater

Surface runoff

Wetland

River

Groundwater flow paths

Hydrologic section of a hypothetical catchment,vgimg how surface water bodies
can receive groundwater from various parts of tpegraphical catchment that do not
coincide with the upslope areas.

This exchange process within each reach implidithats the respective reach as
completely mixed. While this is physically valiérfa surface water reach, the
groundwater flow paths shown in Figure 7-3 illustrahe stratified nature of
groundwater that has originated from different paftthe land surface. This aspect is
lost in the simple mass flux exchange in each rebuohit is a reasonable approach
given that knowledge of groundwater flow paths nidilkely to be available for any
particular application of the extended SPARROW nhode

The data inputs to SPARROW comprise primarily infation about the stream
network, and land surface in terms of topograplandl use, climate, and soil
properties. In order to characterise the naturethaef underlying groundwater
catchments, in terms of the stream-aquifer exchamugficients, it is desirable to
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relate these coefficients to the available inpuaiddn particular, stream network and
topographical features are selected for thesdopkdtips.

7.2.2. The role of landscape in groundwater catchments

Winter et al. (2003) describe a number of examplegroundwater catchments in
relation to combinations of topographical reliefdaaquifer permeability. They
conclude that:

Only if the surface watershed of a research sitatithe highest ridge away from
major hydrologic sinks such as regional rivers, care be sure that ground water is
not moving into the area from distant sources.

This conclusion is applied to the method descriliedthe present report by

incorporating the principle that only in first-ordéheadwater) catchments does the
groundwater originate only from within the topodnagal catchment area (but not
necessarily from all of that area).

At the highest order reach at the downstream endhefcatchment, the role of
groundwater in transporting nitrate from land usedastal waters by direct discharge
(includes submarine discharge and seepage fronelghmmabove sea level) is well
recognised (e.g., Pitz, 1999).

Groundwater yield from small catchments

Observations of groundwater yield from small catehta provide an indication of
how much of the transporting water moves from gdwater to stream within a low-
order catchment and how much moves into the nederoof catchment before
contributing to streamflow.

From an analysis based on stream yield respondee¢oharvesting, of 32 small

research basins of areas 3 — 2500 ha, and anragpipation 457 — 2641 mmly, Verry

(2003) reports that the average flow of groundwatet of the catchment (deep
seepage) is 45% of streamflow. The stream ordihsnthese catchments (mostly in
the USA) are not given. This average result camelstated as groundwater outflow
proportion being 0.31 and streamflow being 0.6%atél catchment yield (45% ~+

145% = 0.31).
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From streamflow measurement and tracer dilutionegrgents in a 223 ha, steep
forested catchment, Castro and Hornberger (19949rtrehat subsurface discharge
was approximately 47% of the total discharge fromdatchment.

Recent analyses for the Pukemanga Stream in Wa(&ewart and Elliott, 2004),
show that yield from the first-order stream in thisep, 3 ha catchment is about 0.5 of
that calculated from climatic data.

These results suggest that a practical value fmtater flux balance component of
the exchange coefficient in low-order catchments #s0.5.

Bilateral exchange processes between stream andgndwater

Bilateral exchange of water between stream andstezam subsurface zone, and the
consequent mixing of these waters, is generallpgeised as contributing to the

hyporheic zone. The causes of this mixing of stread groundwater can arise from
spatial variations in streambed slope, profile hodzontal geometry (e.g., Woessner,
2000) as well as the effect of transient streamfesgnts (Claxton et al. 2003) and

seasonal flow variations (Wroblicky et al. 1998).

At the scale of reaches as defined for the SPARR®dHel, and given the steady-
state assumption for this model, these exchangeepses can be treated as steady
bilateral fluxes per length unit of reach. Thefat scale of this mixing can extend up
to tens of metres from the stream, depending om#tere of the alluvial material.
Transfer coefficients for this bilateral exchangehree headwater streams of different
characteristics have been evaluated by Morricel.ef{1897) from mathematical
modelling of tracer experiments in these catchmenibe results suggest that the
proportion of groundwater involved in these proessgs small but the effect on
stream quality can be significant for those reactt@ish appear to have no net flux of
groundwater to stream.

This bilateral exchange, with no net transfer oftewaflux, is ignored in the
recommendations presented in this report but itlevbe feasible to include additional
terms in the extension if desired.

Water flux from stream to groundwater

On many alluvial plains there is a net transfewafer from streams to the underlying
aquifer. This occurs primarily because the topplgial slope of the alluvial outwash
is steeper than the piezometric gradient of theetiyithg groundwater flow in highly
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permeable materials, and therefore the streanrchee above the aquifer in its upper
reaches. Examples of this situation are the mrajers crossing the Canterbury Plains
and the Motueka River as it nears the coast.

There are few reliable data about the leakagefrate stream to aquifer because the
net loss in several kilometres of a reach is albloetsame magnitude as the stream
gauging error (measured downstream differencesrgamflow are used to estimate
leakage). Some unpublished results from a matheahainodel supporting a
groundwater quality study by Di et al. (2005) swgjgthat the loss rate for the
Waimakariri and Rakaia Rivers is about 0.005 tintes mean annual flow per
kilometre of the perched reaches. Therefore,dted streamflow loss to groundwater
could be about 10% for a 20 km reach in this sibuat

Conclusions about stream-groundwater exchange presses

The rates of water flux exchange between groundwaaid streams are difficult to
measure at small scales, and are likely to depenthe particular topography and
geological characteristics of a catchment. The kepbtaining estimates of these
exchanges is to use all available information anwhater balance in the catchment at
increasing scales throughout the stream network.

7.2.3. Water-balance approach to estimation of exchange efficients

Assumptions about availability of hydrological daa

It is assumed that the following data are availabtecan be derived for the
SPARROW network:

* Precipitation excesB;; estimated from climatic data and use of a watéarize
model for all sub-area&; of the catchment. The value Bf is the mean annual
total from water balances calculated on a dailyishand represents the sum of
surface water and groundwater flux.

e Observations of streamflo®, at various locationk in the stream network, that
are expressed as mean annual stream discharge.

Water yield calculations within SPARROW

The following quantities can be calculated for guwerachi :
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« Total water yield at readh(surface + groundwater), for contributing ar@gsis:

\Ni:ZPi,jA,j @)
i

» The surface water contributio®> and groundwater contributiod}’ to the
respective reachéf the surface and groundwater networks are:

We=>"S°R A

j

we =ZSQJPI1AJ
j

()

for which §;° andS;° are the surface and groundwater source splitsectisely,
for contributing ared;;. Water flux balance assumes that:

S% +8% =1
W =W +W?

®3)

Use of available streamflow observations

If observations of mean annual streamfiQware available at the downstream end of a
subsetk of the reached\V,, then the values of groundwater “underfloWy can be
calculated for the corresponding catchment afgashere:

U, =W, -Q

A =ZA¢<,1 (4)
J

Underflow Uy is that portion of groundwater that has not reddrrio the surface
drainage network at readhand continues on to the next reach of the groutelwa
network. Figure 7-4 shows the relationship betwebase variables for the
calculations at readk

W, s
L » Q
Ek Wkg
° ® » U,
W, e
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Figure 7-4: A reach element of the SPARROW model, showing #lationships between the
variables described in Equations (3) and (4).

From the network of Figure 7-4:

_\A/S
Q =W + EW_?, andthereforeE, = (Q"W—;A“ (5)
k

Thus there is an estimate Bf for every observation of mean annual streamfl@w
corresponding to a contributing catchment akgao that a plot oE, versusA, can be
obtained. It is likely that there will be a degmfescatter in this plot, and a smooth
curve would be fitted to these data. From thisreuvalues of; can be predicted for
all reache$ corresponding to the contributing aréasalculated from:

A :ZA,j ©6)
j

The values ofE¢ calculated from Equation (5) are positive for ksdtion from
groundwater to surface water, so a sign changebeaapplied for use in extended
SPARROW or the computational logic can be altered.

In the absence of streamflow data for the targéthcaent system, it is likely that
some degree of information would be obtainable fregional analysis of catchments
with similar topography and geology. For reachesresponding to headwater
catchments a value & = 0.5 can be used, on the basis of observatigustesl in the
subsection of Section 7.2.2 entitl@doundwater yield from small catchments

7.2.4. Summary

The transfer of contaminant mass between the gwated and surface-water
networks of the extended SPARROW model is assumeblet due to advective
transfer. Therefore, a procedure for estimating élkchange coefficients has been
developed from consideration of water flux balafice the twin networks. This
procedure uses calculated values of precipitatime®s in conjunction with estimates
of source split (into groundwater and surface-watanponents) for the contributing
sub-catchment areas within the SPARROW model. b@slon of the procedure is
based on the availability of mean annual streamfldsta at various levels of
contributing catchment area, for comparison witle talculated contributions of
precipitation excess. It is suggested that thigticmship may be similar for
catchments of similar topography and geology, amat some transfer of regional
information may be possible.
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At this stage there are no plans in the current E&project to develop the linkage
between surface and groundwater further. The rtegt t® take would be to select a
study area where these exchanges are importarfoamdich some data is available,
so that the approach described in Section 7.2 eacalibrated and tested. Previous
CLUES project meetings have not ranked this iterhighly as other items needed to
ensure the MAF-funded project CLUES project haseaad its original objectives.

7.3. Data sources for SPARROW component of CLUES

The data sources for SPARROW are summarised ireTabl
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Table 7-5:

7.4.

Sources of data for SPARROW component of CLUES.

Data Expected timing of How to obtain
Description Source of Data Date next update updated data
River water National Rivers 1996- Update once land- Query NIWA water
quality Water Quality 1999 use is >2005 quality and flow

Network databases- re-

calculated loads

Point source Local council data  1996- As above Re-survey
water quality 2000
data
River flow National To As above As for water quality
data hydrometric match

network water

quality

Rainfall Digitised contours ~ 1961- Could be updated NIWA

or rainfall normals 1990 once more accurate

rainfall surfaces
become available.

River network  River c2001 None planned. Could -

Environment modify to include

Classification, small coastal land

derived from parcels not

contours and associated with

stream locations streams.

on 1:50,000 topo

maps
Soil drainage Land Resources 2000 None planned. -

class

Land use

Soils

Inventory

See Section 11.1

See Section 11.2

Proposed next steps

 Recalibrate the national

model.

SPARROW N model with

fired OVERSEER

» Conclude pilot testing at Environment Waikato oé thand Use Change Tool
being developed in Objective 1, in conjunction wite SPARROW model as it
was at the end of Year 2. Test other models (€gSus, OVERSEER
SPASMO, Triple-Bottom-Line) as they become ava#dhblthe framework.

* Respond to Environment Waikato requests as deschib8ection 7.1.2.
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* Investigate methods for breaking the predictedl totmogen up into separate
forms.

* Investigate methods for determining the typicalaantration of N in summer.
* Incorporate horticulture leaching terms from théAS®O model.

« Investigate further reasons for discrepancies bmtwe®©VERSEER and
SPARROW for dairy areas.
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8. Objective 3: Triple bottom line effects of land-usechange (Harris
Consulting)

8.1.

This section outlines the relationships to be Usedstimating economic output and
nutrient loss from different land use types. Thame three relationships for each land
use based on an area basis

e Output — the gross output in $ per ha.

e Cash Farm Surplus (CFS) — this is the remainder &irm working expenses,
but before interest, leases, wages of managemedtcapital expenditure. The
CFS equation differentiates between variable Farorkilg Expenses (FWE)
and fixed FWE (administration, legal, accounting;MR etc.). Variable FWEs
change with the intensity of production, but fixéd nof. CFS also takes into
account the additional feed and N required to na@nd given level of land use
intensity.

* N leached - this is an estimate of the amount tfdghed (based on models from
MAF Monitoring Farms, supplemented with the reswfsOVERSEER and
SPASMO models) at a given level of land use intgngsing a single rainfall
figure for each region.

There are two flow-on multipliers for each land uadich estimate the total impact
on the regional economy. These are:

+ Total GDP — an estimate of the total value addesingr from that land use
activity, given as a multiplier of output.

» Total Employment — an estimate of the total emplegtrarising from that land
use activity, given as a multiplier of output.

Sheep, beef, dairy and deer models

The models used were based on the MAF Farm Mongomodels. The models
created comprise 6 dairy models, 5 intensive stegpbeef models, 6 hill country
sheep and beef models, 1 extensive sheep and loekefl ifibased on the South Island

! Note that not all land uses have the option of alteritensity.

2 This is suitable for short term changes in land use,dng term changes could result in
resizing of farms, changes in cost structure etcosmescognizance should be taken of this for
long term planning. (This will result in underestimaf long run CFS).
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Merino model), and 2 deer models (North Island &uwith Island deer models).
These models were assigned to regions as showabiie B-1.

For each model a set of relationships were gercefatecash flow and N leached at
different levels of land use intensity. This waslertaken by using a base stocking
rate (cows or stock units per hectare, su/ha), tteying the amount of feed which
needed to be achieved to increase or decreasddtking rate from the base rate.
Initially cheaper methods were used to increasel,fegth N introduced into the
property first, then feed bought into the propentge a specified maximum rate of N
application was achieved. Similarly as the stogkiate decreased from the baseline,
feed was initially reduced from the farming opesatithen N usage decreased.

A range of stocking rates was set, within which tekationships can be reasonably
expected to operate. Figures outside this rangdileely to result in poor quality
results.

The ratio of N to feed was 15 kg feed for each kgpplied. A stock unit was
assumed to consume 550 kg(DM)/ha/year, and a atidis rate for feed varied
between 0.8 and 0.9.

When working out the financial implications of tlohanges, a base model was
produced. This model assumed a fixed relationbleipveen the stocking rate and
gross output from the farm and hence revenue. eftier as stocking rate increased or
decreased so did the revenue from the farm. Homwfave expenses are rarely linear
with stocking rate, since there are a number ohfeosts which are fixed and cannot
be changed with stocking rate. Therefore the Féfarking Expenses (FEW) were
divided into fixed and variable working expensd@$e Cash Farm Surplus (CFS) was
calculated from the combination of Gross Revenwsjable FEW and Fixed FEW.

Dairy farm effluent disposal was assumed to ocaurpand systems. This will

understate the nutrients leached since land baspdsdl is becoming much more
common. The sheep to beef ratios are constanssaalb stocking rates, set at the
baseline level for each model type. This is impartsince the leaching rates are
strongly influenced by the presence of cattle.

8.2. Arable model

Developing a model for the arable sector is extigrdificult because of the range of
crops involved, and large variation in the mix afopgs, use of pasture, and
management practice. For this reason we have ingrited a single Arable model,
again based largely on the MAF farm monitoring mpbet also bringing in other
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modelling runs such as the irrigated arable maaehfa recently completed project on
the implications of water reliability. Intensitya@ types of land use are not variable.

This model uses a 10 year rotation, with fertilisstimates based on expenditure
patterns rather than actual records of mass apiplicaAll crops were assumed to be
direct drilled. The nitrate leaching estimate iseighted average across the farm.

8.3. Horticulture model

The horticultural N leaching estimates were proglitlg HortResearch as discussed in
Section 0. We have taken the average crop produétoom the model assumptions,
and used these to develop farm budgets. Agairethes fixed intensity, and the
models relate to the whole growing region and dbimdude sub-regional variations,
nor do they include variations for different salsproduction levels.
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Table 8-1:

Assignment of MAF Monitor Farm models to regionsl éend use classes.

Land Class 40 (intensive) 41 (hill country) 43 and 44
Sheep and
Land use Dairy Sheep and Beef Deer Sheep and beef Beef
5o | o 5 o
2 |g |23£|8 _le_ |8 | &
o = ga | O =E|zE| ¢ (e}
o 5 |25 | ¢ o | &8s | S £
Model Name Rainfall 2 G £S5 3 =| 2| 8|2 3 =
— 2 = c n I @© > < = > (20 T
° 2o (8| |&,|3,|2%|3 |2 |25 | SE|2E| 2 o
S|le|Z2| 28| 5|8|5|cs|c2|22|588| 5|5 Z | mg 35| §5| 0o £
S8 5|35l 2| 2| 58| 28|55 |c2|3|8|S|5|L=|582|=2]|oa b5
S X ] = = < X c c P2 = C = o =0 = 0O >
5| | 2| &|3|8|5|=3¢|&L| k|28 |2|2|5|2|35|&k=|3=]|¢8g E
z| 2| 3|0 |lwn|2|z|2|=E|0a|lnEeE|Z|B|0|0|ITna|O0T|nI |0 n
Northland 1000 - 1500 X X X X
Auckland 1000 - 1500 X X X X
Waikato 1000 - 1500 X X X X
Bay of Plenty 1000 - 1500 X X X X
Gisborne 1000 - 1500 X X X X
Taranaki 1000 - 2000 X X X X
Hawkes Bay 750 - 1500 X X X X
Manawatu- 750 - 1500 X X X X
Wanganui
Wellington 750 - 1500 X X X X
Tasman 1000 - 1500 X X X X X
Marlborough 500 - 1500 X X X X X
Canterbury 500 - 1000 X X X X X
West Coast 2000 - 4000 X X X X X
Otago 250 - 750 X X X X X
Southland 750 - 1000 X X X X X
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Table 8-2: Crop rotation and specification.

Process
Crop Wheat Wheat |Greenfeed |[Barley [Clover Greenfeed Peas Wheat | Greenfeed | Barley |Ryegrass Ryegrass Peas
Yield 7.5 7.5 7 6.8 0.36 4.1 7.5 7 6.8 1.32 132 | 60T
Month sown 1-May 1-May 21-Feb 1-Sep 28-Feb 21-Feb 1-Oct 1-May 21-Feb 1-Sep 1-Mar 5-Jan 15-Oct
Harvested 7-Feb 7-Feb 1-Aug 15-Feb 1-Feb 1-Aug 25-Feb 7-Feb 1-Aug 15-Feb 5-Jan 5-Jan 15-Jan
Eﬁ%?ahgaefr\;isr:t Baled Baled Grazed Baled Grazed | Grazed Grazed | Baled Grazed Baled Grazed Grazed Baled
Irrigation (mm) 400 400 200 400 500 200 500 400 200 400 500 500 300
Fertiliser N (kgN/ha)
January 70
February 20 20 20
March 20 50
April 50 50 50
May 20 20 20 50 50
June 50 50 50
July
August 70 70 70
September 70 70 20 70 20 50 50
October 70 70 70
November 70 70 70 70 70
December 70 70
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8.4. Format of predictive relationships

8.4.1. Output

Sheep, beef, dairy and dedihis is the gross revenue per cow or per sishduld be
multiplied by the number of stock units or cows parto give the output per ha.

Arable and HorticultureThis is the gross revenue per ha.

8.4.2. Cash farm surplus (CFS)

Sheep, beef, dairy and dee€ash farm surplus relationships have been geneirated
2nd order polynomial relationship i.e., CF®% + bx + c. The values in each column
represent those fos, b andc. The variablex is a measure of land-use intensity,
expressed in units of cows/ha or su/ha, dependirthe context.

The R? of the calibrated relationships for CFS as a fiamcof landuse intensity for
each land use is in excess of 0.9 apart from tivbseh relate to Land Use classes 43
and 44 (Tall Tussock Grassland and Depleted TusSoaksland, respectively), which
are greater than 0.8.

Arable and HorticultureThis is the cash farm surplus per ha.

8.4.3. N leached

Sheep, beef, dairy and deefThe values for N leached are presented a¥ ar@er
polynomial

i.e.: Nleached): a)(3 + sz +cx+d

Typically the relationships use only &' rder polynomial for the sheep and beef
models, and tha value is left as 0. The varialbds a measure of land-use intensity,
expressed in units of cows/ha or su/ha, dependirthecontext.

The R? of the calibrated relationships for N leached &sration of landuse intensity
for each land use is in excess of 0.9 apart fravsettwhich relate to Land Use classes
43 and 44 (Tall Tussock Grassland and Depletedotus&rassland, respectively),
which are greater than 0.8.

Arable Fixed N leaching estimate per ha
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Horticulture: Derived from HortResearch estimates

8.4.4. Total GDP relationship

There is a GDP multiplier for each region for shesm beef, dairy, arable and
horticulture. These give the total GDP change mrdgional economy as a result of
the changes in land use. It includes all the epstr flow on impacts, but not

downstream flow on impacts (i.e., to processors). ube these figures take the
output/ha calculated above, and multiply this by #ppropriate GDP multiplier for

the land use and region.

8.4.5. Total employment

This multiplier gives the total employment impaatsa result of the land use change.
It includes upstream impacts but not downstreant sicprocessing. To use these
figures take the output/ha calculated above, andtiphuthis by the appropriate
Employment multiplier for the land use and regibert divide by 1,000,000.

8.5. Data Sources for Triple-Bottom-Line Component of CIUES

The data sources for Triple-Bottom-Line are sumagtin Table 8-3.

Table 8-3: Sources of data for Triple-Bottom-Line componenCatJES.

Data Source of Data Date Expected timing of How to obtain
Description next update updated data
Output, Cash  MAF Monitoring 2003/04  2005/06 MAF

Farm Surplus  Farm Reports

Regional Butcher Partners 2001 April 2006 Check to see if MAF

multipliers will be purchasing,
otherwise direct from
Butcher Partners

8.6. Proposed next steps

Extend Triple-Bottom-Line accounting model to irsduincome/jobs associated with:

s Forestry.

e« Tourism.
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8.7. Sources

MAF Farm Monitoring Reportsvww.maf.govt.nz/mafnet/rural-nz/statistics-and-
forecasts/farm-monitoring

» Lincoln University Farm Technical Manual (2003; tdiP.H. Fleming), Lincoln
University.

*  Woodford, K.W. and Nicol, A. (2004 in press) “A RResessment of the Stock
Unit System” Report Prepared for MAF, June.

+ Utilises SPASMO model runs as reported in Sectidoflthis report.

e Harris Consulting et al. (2004). “Regional Econontinplications of Water
Allocation and Reliability” Report prepared for MARNd Environment
Canterbury. Draft.

» Lincoln Environmental et al. (2003). “Water in Nedealand Agriculture:
Resilience and Growth” Report prepared for MAF.

*  G.V. Butcher, Butcher Partners, pers. comm. 2002.

» S Ford, Agribusiness Group, pers. comm. 2004.
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9. Objective 4a: Enterprise-scale modelling (AgResean}

9.1.

OVERSEER"® scenario development

A software component for the OVERSEERutrient budget model was provided to
NIWA (in the form of a Dynamic Linked Library — DDL Documentation was
provided to explain how to call the software, and/as then linked into the CLUES
modelling system, as demonstrated in Section 62 GWERSEER DLL supplied to
NIWA has capability for five farming scenarios:

* Dairy.

»  Sheep/beef lowland.

*  Sheep/beef hill country.

»  Sheep/beef high country.
« Deer.

For each of the five scenarios, optional stockinghnbers may also be supplied. To
adequately specify input to OVERSEERnany other inputs are also needed. Many of
these have been set at values that are typic#théofarm type and region, making use
of MAF Monitor Farm model (MAF 2004 see section)@nid other data sources that
are described below.

The assignment of MAF Monitor Farm models to regiaras done as shown in Table
9-1, plus the following assignments:

* The “intensive” models in Table 9-1 were assigree8heep/beef lowland.
*  The “hill” models in Table 9-1 were assigned to &bfbeef hill country.
*  Merino model values were assigned to Sheep/bebfdugntry.

Dairy data was obtained from the summary data imedtiock Improvement
Corporation (2004), rather than MAF Monitor Farnirdanodels

*  The MAF Monitor Farm Otago Dry Hill model was natad at this stage.
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Table 9-1: Assignment of MAF Monitor Farm models for Sheep &wef, and Deer, to regional
council regions.

Model Name
—

Region

Wairarapa Hill Country
Southland/South Otago

Canterbury/Marlboroug
Hill Country

Central North Island Hill
h Hill Country

Southland/South Otago
Country

Cdarmerour yl VIAIToor ng
Intensive

Waikato/Bay of Plenty
h Breeding and
Finishing

Intensive
Manawatu/Rangitikei

Intensive
Gisbhorne Large Hill

Northland
Country
Hawke's Bay /
NI Deer

S| Deer

Northland
Auckland
Waikato

Bay of Plenty
Gisborne X X
Taranaki
Hawkes Bay X X
Manawatu-
Wanganui
Wellington X X
Tasman X X
Marlborough
Canterbury X X
West Coast X X
Otago X X
Southland X X

x

XXX (X

x
x

XXX [X XX [X|X

x

x
x

XXX [ X [X[X

The OVERSEER DLL used in CLUES assumes that inputs are withinakd or
reasonable range, and that there is internal densi between inputs e.g., fertiliser
inputs and productivity.

The other OVERSEERinputs which can vary within the CLUES framework:a

Rainfall (annual average rainfall in mm).

* Region (select one of 15 regional council regions).

e Soil order (one of up to 13 possible soil orders).

Topography (one of possible classes for the bltmbes.

Maps are available within CLUES, which provide thdformation necessary to
automatically estimate each of these 4 other inmriables, anywhere in New
Zealand.

9.2. Calling the OVERSEER® DLL

The standard call for the DLL is:
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CluesOvr(scenario, region, soilorder, Topograplainfell, Sdairy, Ssheep, Sbeef,
Sdeer).

The model returns N (usually as nitrate) and Pelosssociated with each land use.

The definition of each input is:

Scenario: 1-5 for pre-defined scenarios dairy, sheep/beeklgiod), sheep/beef
(hill), sheep/beef (high), deer.

Region:  Regional council number code (see Table 9-2 foindiefns). This code
is used to set default regional values for dairgd aheep/beef farms,
respectively as shown in Table 9-2 and Table 9-3.

Soilorder: Soil order specified as an integer, based ondhaing code:

Code Soil order

1 Allophanic

2 Brown

3 Granular

4 Gley

5 Melanic

6 Organic

7 Oxidic

8 Pallic

9 Podzols
10 Pumice
11 Recent
12 Semiarid
13 Ultic

Slope: average block/subcatchment topography code basttkedollowing table:

Code Slope Class Access Slope LRI ‘class
1 Flat 0°to 7° A-B

2 Rolling Area mostly navigable by tractor 8°to 15° C

3 Easy >50% area navigable by tractor 16° to 25° D-E

4 Steep <50% area navigable by tractor 26° or more F-G

! LRI = Land Resource Inventory slope class
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Rainfall: Average annual rainfall to nearest 100 mm

Sdairy, Ssheep, Sheef, SdeeDptional stocking numbers for dairy, sheep, beef a
deer, respectively. If a zero value is providechtledefault is used as described in
Section 0.

Region default values are based on latest publigetdof data from Livestock
Improvement Corporation (Livestock Improvement Quwgtion 2004) and MAF
Monitor Farms (MAF 2004). These values do changs éime due to variations in
economics, farm practices and weather, for examplesensitivity analysis could be
done in future to look at the change over time. thA$ stage, the important factor is
that the model has the structure to hold theseegaluThey are relatively easy to
change if the basis for calculation was to chamgg.(using a different base year, or
using an average over several years, or usingferelit published set of data). The
base for these values may be something that the usmild like to have established
as a future step in the project. These defaultesatould be updated either within the
DLL (in which case a maintenance agreement wilhéeded) or the DLL needs to be
modified so that external data source containiegdgfault values can be accessed.

Note that in Table 9-3 the nitrate-N values areénestied typical (as opposed to
average) annual applications obtained from a ifegtilcompany. So, for example, on
Manawatu/Wanganui sheep/beef hill country farmgrdhare some farmers using
nitrate-N in this region, but typically, the apglion rate is zero. This data was
obtained so that the DLL could work with the Gl$enfiace. In theory, the nitrate-N
fertiliser rate should be commensurate with thedpotion data used in the DLL, and
hence a more reliable source of information of dgpinitrate-N fertiliser rates is
required.
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Table 9-2:

Regional categories and associated default vatwredairy farms. Animal production
data is based on Livestock Improvement Corporg2004).

Code  Region Average milk production Average cows Average milk per cow N fertiliser
(kg milksolids/ha/yr) (cows/ha) (kg milksolids/ha/yr) (kg N/hatyr)
1 Northland RC 730 2.33 311 80
2 Auckland RC 1060 2.85 372 200
3 Env Waikato 853 2.67 318 120
4 Env. Bay of Plenty 909 2.80 324 120
5 Gisborne 832 2.56 333 70
6 Hawkes Bay 840 2.62 322 120
7 Taranaki 734 2.54 289 100
8 Manawatu/Wanganui 790 2.48 316 50
9 Wellington 604 211 286 80
10 Marlborough 910 2.60 348 100
11 Tasman 885 2.60 341 100
12 West Coast 805 271 296 150
13 Canterbury 790 2.49 316 80
14 Otago 734 254 289 100
15 Southland 635 2.03 316 150
Table 9-3: Regional categories and associated default valoesstieep/beef farms. Animal
production data is based on corresponding MAF Moritarms in Table 9-1.
Code Region Sheep (lowland) Sheep (hill country)
Sheep Cattle Wool N fertiliser Sheep  Cattle Wool N fertiliser
(SV) (SV) (kg /SUlyr) (kg (SV) (SV) (kg /SUlyr) (kg N/halyr)
N/halyr)
1 Northland RC 5.17 6.43 4.94 0 6.29 3.71 4.76 30
2 Auckland RC 8.67 2.13 4.8 40 3.2 3.2 4.52 50
3 Env Waikato 5.17 6.43 4.94 0 6.29 3.71 4.76 50
4 Env. Bay of Plenty 5.17 6.43 4.94 30 6.29 3.71 4.76 40
5 Gisborne 6.53 5.86 5.4 40 4.95 3.85 4.96 30
6 Hawkes Bay 6.53 5.86 5.4 60 6.69 341 4.6 40
7 Taranaki 6.53 5.86 5.4 50 6.29 3.71 4.76 30
8 Manawatu/Wanganui 8.67 2.13 4.8 30 3.2 3.2 4.52 0
9 Wellington 5.17 6.43 4.94 30 4.23 5.57 5.3 20
10 Marlborough 12.78 0.72 5.74 40 7.48 1.22 4.97 0
11 Tasman 12.78 0.72 5.74 40 7.48 1.22 4.97 30
12 West Coast 5.17 6.43 4.94 6.29 3.71 4.76 20
13 Canterbury 8.67 2.13 4.8 3.2 3.2 4.52 30
14 Otago 5.17 6.43 4.94 50 6.29 3.71 4.76 30
15 Southland 5.17 6.43 4.94 30 6.29 3.71 4.76 30
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9.3. Operation of OVERSEER® DLL

The CLUES system currently calls OVERSEERith stock rates developed by Hunt
(2003), and given by Hunt as his Table 2. The stackates from Hunt (2003) depend
on slope class (for which CLUES has a detailed mapation (whether North Island
or South Island), and livestock category (daineegh beef, or deer). In future it may
be possible to use the stocking rates developgrhdsof the land use classification
reported in Section 16.

For dairy farms

If a scenario is entered, and stock number arseadl then production is calculated as:
Cow numbers = Average regional cow numbers (set&eTaB)

Milk production = Average regional milk producti¢see Table 9-2)

If dairy cow numbers are entered (this is the ap@hUES uses) then

Cow numbers = entered value

Milk production = cow humber average regional per cow production (see Tablg 9-2

It is assumed that effluent is applied as spragdtion at an application rate of 150 kg
TN/halyr of effluent, and that nitrate-N fertilisen the effluent block is reduced.

For sheep beef farms

If a scenario is entered, and stock numbers areeatd then stock units (SU) are
calculated as:

For sheep/beef lowland and hill country
Use SU sheep and SU beef values shown in TaBle 9-
Wool = (kg/SU/year in Table 9-3) x SU sheep

For high country sheep/beef

SU sheep =1.3
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SU beef =0.2
Wool = 4.7x SU sheep
If stock numbers are entered then
SU sheep = Stock number shaepl1
SU beef = Stock number beeb

Note that this option to enter stock numbers iaddition to the requirements of the
contract, and values used are only approximatelly Feferenced values can be
inserted as part of year 3 of the CLUES project.

For deer

If a scenario is entered, and stock numbers ameadl then SU is calculated as:
SU deer = 12.9 for North Island
SU deer = 13.0 for South Island

If stock numbers are entered then
SU deer = Stock number sheep

N fertiliser rate is a regional estimate, basedgitihe values for sheep/beef (lowland)
if topography is flat, otherwise Sheep/beef (hill).

9.4. Data sources for OVERSEER component of CLUES

The data sources for OVERSEERre summarised in Table 9-4.
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Table 9-4: Sources of data for OVERSEEBRomponent of CLUES

Data Source of Data Date Expected timing of How to obtain
Description next update updated data
Stock data MAF Monitor July
Farm reports 2004
Obtain new
Dairy data Dairy statistics 2003/4 OVERSEER® DLL
from Livestock As required, intervals for use with CLUES
Improvement of 6 to 18 months or have an external
Corporation data source which
the DLL can access
Fertiliser data | Estimate from
company reps

In addition, the underlying model is updated at182month intervals, and the
OVERSEER DLL should also be updated at the same time.

9.5. Additional work

To improve the function of the DLL in its currenbrestruct it is recommended the
following activities occur:

« Upgrade the underlying model to the new versionOMERSEER nutrient
budget model

* Improve the structure of the DLL to improve funci@dity of the link with the
GIS system

» Develop routines to better check for consistencgaté

9.6. Proposed next steps

« Upgrade the underlying model to the new versionOMERSEER nutrient
budget model

» Improve the structure of DLL to improve functiortalof the link with the GIS
system

» Develop routines to better check for consistencgaté

» Make visible the default values associated withJleeirrent scenarios (tentative)
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10. Objective 4b: Enterprise-scale modelling (HortRese&h)

This section describes HortResearch’s contributmihe second stage of a 3-year
study to predict the effects of land use activinpveater quality. The task was to create
a database of predictions of nitrate leaching undeious combinations of crop,
fertiliser, climate and soils. This section listsetscenarios used, describes the
limitations of the results, and outlines the usesathich they are intended.

The Soil Plant Atmosphere System Model (SPASMO er¥V1.2) has been used to
calculate the nitrogen budget for five enterprisensrios (each with some internal
variations). The calculations were run on a daiyet step using 32 years of local
climate data (Table 10-1). A wide range of localss@between 7 and 22 different
soils) was modelled for each location. A set fezetil regime was applied to each crop
based on advice from growers and leading planh8ste (Table 10-2). Results from a
large number of model runs (~350 in total) are ftest as a series of lookup tables
for various combinations of crop, fertiliser, clitaand soils.

The calculations are summarized in the form of mnual budget that includes the
amount of nitrogen that is (1) added as fertiliz®) taken up by the plants, (3)
removed in the harvested crop, (4) returned tostiieas dead plant material and/or
crop residue, (5) mineralised from soil organicteratand (6) leached below the root-
zone (Table 10-3). The intention is for these Igokables to be included in a
computer-based GIS Decision Support Tool that isghdeveloped to assess the links
between rural land-use, land use change, and cataHevel effects on surface and
groundwater quality.
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Table 10-1:

Table 10-2:

The range of horticultural and cropping scenatiag tvere simulated using SPASMO
(indicated by ticks). The calculations are basea alaily time series of weather data
(1972-2003) compiled from NIWA's records of globaldiation, air temperature,

relative humidity, wind speed and rainfall at aresgentative climate station. Missing
records were obtained from the nearest climatéstad total of 130 soil series were

represented across the 12 regions.

Region Climate station Rainfall Crop
[mml/y] Apple Grape  Kiwifruit Onion  Potato

Northland Kerikeri 1754 \
Waikato Ruakura 1155 \/ \ \ \/
Bay of Plenty Te Puke 1633 \/ \
East Coast Gisborne 994
Hawkes Bay Hastings 727 \/ \/
Manawatu Palmerston North 940 v \/
Wairarapa Masterton 883 \/
Nelson Nelson 968 \/ \
Marlborough Blenheim 664 \/
North Canterbury ~ Waipara 637 S S
Mid Canterbury  Lincoln 633 \ J
Central Otago Alexandra 383 Y Y

A set nitrogen-fertilizer regime was adopted foclearop type. Here CAN denotes
calcium ammonium nitrate fertilizer, and DAP demsotgi-ammonium phosphate
fertilizer. Recommended values were derived froeftlowing source:

Crop Fertilizer N content Rate Time Total N
[kg/ha] [ka/hayr]
Grape CAN 0.27 50 Nov 14
Apple CAN 0.27 100 Oct + Feb 54
Kiwifruit CAN 0.27 350 Oct 95
Onion DAP 0.18 280 Sep + Oct + Nov 150
Potato CAN 0.27 500 Oct + Nov 270

Grape-— this represents current practice on Craggy Raimggyard, Hastings. Dr Mike
Trought (Marlborough Wine Research Centre) sugdesia Marlborough vines only
receive nitrogen when they need it (~10% of a vémdywould typically receive ~150
kg/ha/yr CAN).

Apple — based on advice from Dr John Palmer (HortRebe#&telson). Typical rates
for Braeburn in Nelson are 75 kg/ha CAN spring, Xgfha CAN autumn, and a
further 80 kg/ha urea are applied as foliar N dyrleaf fall. Dr Stuart Tustin

(HortResearch, Hastings) suggested lower rates afeNapplied in the Hawkes Bay
due to higher rates of mineralization.
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Kiwifruit — based on advice from Mr Murray Judd (Seeka, ke The annual
dressing of nitrogen fertilizer is typically 100 Néha for gold and 100-150 kgN/ha
for Hayward, and this is applied in the spring. $ognowers may be applying much
higher rates.

Onion-— based on actual fertilizer diary from Wilcox @ens Ltd, Matamata.

Potato- based on actual fertilizer diary from Wilcox @ans Ltd, Matamata.

10.1. Calculation procedure

SPASMO computes the water and nitrogen budgetlafiimensional soil profile of 5
m depth, divided into 0.10 m intervals (slabs). Tadculation uses local soils with
physical, hydraulic, and chemical transport prdpsrdeduced from data in the New
Zealand Soils Database (Hewitt, 1998). Drainagedaslelled using a water capacity
approach that considers both mobile and immobitbvpays for water and nutrient
movement (Hutson and Wagenet, 1993). Following fadlinor irrigation, any
dissolved nutrient in the mobile domain can petteotapidly through the soil profile.
Subsequently, on days when there is no signifidesibhage, there is a slow approach
to equilibrium between the mobile and immobile msadriven by a difference in
water content between the two domains. The leacharty of SPASMO has been
validated previously against data from grazed pastirosen et al. 2004) and pasture
treated with herbicide (Close et al. 2003; Shartred. 2004).

SPASMO uses a standard crop-factor approach tderelop water use to the

prevailing weather and time of year (Allen et &9%). Parameter values for the tree
crops have been determined from our own field erpEnts where sap flow has been
measured in the stems of apple trees, kiwifruit gragpevines (Green et al. 2004a &
b). Literature values have been assumed for thairéng field crops (e.g., potato and
onion). Each crop is irrigated using a set amodinvater (grapes are given 2.5 mm
per day while the other crops each receive 25 mmagyg). Irrigation is applied on the

basis of need, as soon as the root-zone wateritdeficeeds a threshold value that
depends on certain crop and soil factors.

The nitrogen component of SPASMO is based on aokdtalance equations that
account for plant uptake, fertilizer, soil exchanged transformation processes,
gaseous losses to the atmosphere, and leachires lbetow the root zone. Nitrogen
uptake is determined from the daily growth of tlagious plant organs multiplied by
their respective nitrogen concentrations. Crop @ginodepends on the daily amount of
intercepted sunlight, and is moderated by air teaipee as well as the water and
nitrogen status of the soil. A simple allometri¢ationship is used to partition the
daily biomass production into the growth of foliagshoots, roots and crop
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components. Figure 10-1 and Figure 10-2 provideharmatic of the plant component
of SPASMO. Calculations of dry-matter productiord aritrogen accumulation in a
kiwifruit vine are compared against comparable diaa a nitrogen trial at Te Puke.

Modelling plant growth and
Dry matter allocation in kiwifruit
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Growth is modelled using simple allocation rules

« depends on light, temperature, moisture, soil-N
« scenescing plant material goes into soil litter litter
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Research © 2005 The Horiculure and Food Research Insitute of New Zealand Ltd

Figure 10-1: Dry matter allocation in kiwifruit. Open symbolseadata from an SFF-funded
nitrogen trial at Te Puke and the solid lines aceleh output from SPASMO.
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Modelling nitrogen uptake and
allocation in kiwifruit
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Figure 10-2 Seasonal development of nitrogen in the leaf ané ©f a kiwifruit vine. Open

symbols are data from an SFF-funded nitrogen &tidle Puke and the solid lines are
model output from SPASMO.

A large number of parameters (>30) are neededdorithe crop growth and nitrogen
uptake. Where possible, we have either used ourdatanor sourced published results
to determine parameter values for the plant compiookthe SPASMO simulations.
For nitrate leaching calculations it is importamtiiave reasonable agreement between

measured and modelled values (cf. Figs 1 & 2) dfeoto achieve appropriate levels
of nitrogen uptake by the crops.

The soil component of SPASMO considers both organtoogen (i.e., in soil
biomass) and the mineral nitrogen (i.e., ammonimoh @itrate in solution) contained
in the soil. Dissolved nitrate is considered toflg/-mobile and to percolate freely
through the profile, being carried along with tmading water. The movement of
dissolved ammonium is retarded as it to binds toenail clay particles of the soil.
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Figure 10-3:

10.2.

Measuring nitrogen mineralization
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Nitrogen mineralization in a Te Puke soil incubaitedhe laboratory at a set range of
temperatures and soil moistures.

The decomposition of soil biomass adds to the amofimineral nitrogen (N and
NOg3) in the soil profile. This process is known as enalization and it is modelled as
a first-order process by dividing the total orgamiatter into two pools — a fast cycling
litter pool, and an almost stable humus pool (Beogs et al. 1987). The nitrogen
demand for the internal cycling of soil-C and 9iis regulated by the C/N ratio of
the soil biomassto, which is one of the model inputs. Figure 10-3vehmitrogen
mineralization in a Te Puke soil. This data is ¢stesit with a first-order rate constant,
k. equal to 1.510° d*. Unfortunately there is a dearth of comparableemitization
data for other New Zealand soils. So, for the psepof modelling, the following
approximation has been made. We havekset.510™ for all soils where apples,
kiwifruit and grapes are grown. In the case of asiand potatoes, the valuekgthas
been increased to 2BJ in line with the expectation that mineralizatisnenhanced
in ‘worked’ soils.

Limitation of the SPASMO calculation

SPASMO calculations are expected to provide a redse estimate of the potential
nitrate leaching that occurs under each soil-clopate combination. However, there
are a number of limitations to the model resultd #meir application, as detailed
below
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* Model results are presented as lookup tables. isHisth a good thing (avoids a
poor choice of input parameters that could produésdeading or inappropriate
model output) and a bad thing (the user has nortyqity to enter their own data
or to vary the input parameters at the paddoclekcal

» Climate data is limited to one location within eaelgion. It is recognised that
large rainfall gradients may exist across a regeg., coastal and central Otago)
and this will influence both the drainage and IéagHosses. This is accounted
for to a limited extent by the analysis below (88tt10.3). More account of
rainfall variation could be included in the futurespecially if irrigation
requirements were to be considered.

* In some regions (e.g., Gisborne and Auckland) thereery little soil data
available for the SPASMO calculations. There ase al number of important soil
processes (e.g., adsorption, mineralization, déoétion) for which parameter
values are unknown and best-guesses have been. Bettler predictions will
result from a better characterization of these mwitesses.

*  Model output is reported in terms of the mean ahniieate leaching at a depth
of 3 m. No account is taken of the depth to growater or the slope (and
subsequent runoff losses of nitrogen) from the. sitear to year variability is
reported in the full look-up tables, yet this infation is not utilized at this stage
of the CLUES project.

* A single rate of nitrogen fertilizer is applied @éach crop. In reality, the amount
of fertilizer is likely to vary across soils (mongneralization on heavier soils so
that less nitrogen fertilizer is required, all atfiactors being equal) and across
regions (warmer regions will have higher produtyivind may required more
nitrogen to support increased crop growth).

»  The results represent currently represent goodvimivawith respect to nitrogen
fertilizer that is applied at a rate that approxieha matches crop demand. As
such, the fertilizer rate cannot be altered antheaool can not demonstrate the
impacts of bad fertilizer practice.

10.3. Results

Almost 350 simulations have been run for this pérthe study. Model output from

each scenario is summarized in the form of a Igokable that includes the amount of
nitrogen that is (1) added as fertilizer, (2) takgnby the plants, (3) removed in the
harvested crop, (4) returned to the soil as deadt phaterial and/or crop residue, (5)
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Table 10-3:

10.4.

mineralised from soil organic matter, and (6) leattbelow the root-zone. The
intention is for these lookup tables to be include@LUES.

The annual nitrogen budget [kg-N/haly] for a ramgeropping scenarios simulated
using the SPASMO computer model. The shaded regipresents the mean annual
value (kg/hal/yr) for all soils and all regions, WehiLQ and UQ represent the
corresponding lower and upper quartiles, respdgtividere the net mineralization

includes the amount of nitrate-nitrogen that isitliéied.

Net

Crop Value Fertilizer Uptake Crop Returned Mineralized Leached

LQ 53 22 28 16

Grape Mean 14 61 25 33 23 8
uQ 71 29 38 29 10
LQ 97 65 30 26 7

Apple Mean 54 116 77 37 49 18
uQ 134 87 42 65 25
LQ 134 87 54 26 27

Kiwi Mean 95 149 94 61 46 41
uQ 165 102 71 65 50
LQ 186 109 71 7 37

Onion Mean 150 196 115 76 34 62
uQ 204 119 80 50 74
LQ 301 269 26 36 29

Potato Mean 270 311 275 27 64 50
uQ 322 285 28 85 61

Incorporating results into CLUES

The model simulations for each region (Table 1@48d climate data from a single
climate station. In order to account for the effettainfall variation within a region,
we have analysed the year-to-year variation in fhedléN leaching caused by with
variations in rainfall. So at each site, for eaobp¢ on each soil, a linear equation has
been fitted to the 32 annual pairs of rainfall-ldag data (1972-2003). Figure 10-4
shows an example of the data points and the fiibeg for apples grown at Hamilton
on Netherton clay loam. The equation would be uegaredict N leaching for apples
grown on Netherton clay loam at any location in\tti@kato region, using the average
annual rainfall at the specific location. So, forample, if apples were grown on
Netherton clay loam at a Waikato location with ager annual rainfall of 2000 mm,
the predicted N leaching would be 0.86600 — 38 = 27 kgN/ha/yr. The standard
error of the data about the regression line [oleifrom Excel function STEYX()]
was also calculated, to provide an estimate of uheertainty in this estimation
method. For the example shown in Figure 10-4, thadard error is 12.1 kgN/haly,
which is 31% of the modelled average annual N lieactof 39.1 kgN/haly. This
standard error gives an indication of how reliathlis rainfall-based approach is for
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estimating horticultural N leaching at sites witholimate stations. The 31% standard
error is typical of the results for the completet s 342 crop-soil-climate
combinations. The smallest standard error was Ho#b three-quarters of all the crop-
soil-climate combinations had standard errorstieas 40%.
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Figure 10-4: Example of the effect of inter-annual rainfall \&ion on N leaching (example is for
apples grown at Hamilton on Netherton clay loam).

10.5. Data sources for SPASMO component of CLUES

The data sources for SPASMO are summarised in Tidbke
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Table 10-4:  Sources of data for SPASMO component of CLUES.

Data Source of Data Date Expected timing of How to obtain
Description next update updated data
NIWA Climate
Database and 1972-
Weather HortResearch 2003
climate network . .
Continuous additions  HortResearch can
NZ Soils to SPASMQ make additional
' Database. and framework in SPASM_O model
Soils HortRese.:arch response to new calcglatlons and
measurements projects: e.g., provide tables of_
Phosphorus, results for use with
microbes, viruses, CLUES, on an as
HortResearch heavy metals required basis
trials and

Plant growth measurements,
and literature
values

10.6.  Proposed next steps

Create database of SPASMO predictions of N leachimier many combinations of
fertiliser, climate and soils for:

« Maize/sweetcorn,

* Squash,

»  Broccoli /Cabbage/Cauli.
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11. Objective 5: Mapping of pollution risk, land use am soils (Landcare
Research)

This objective develops national maps of soils &l use for all models in the
project to use. The soils and land use informatioth be in formats which are

compatible with all the models. The informationIvié made available to all project
partners on a shared secure computer site. Thixtbl® also revises the N pollution
risk model developed in Stage 1, to maximize coesty with other models.

11.1. Land use mapping

Early in Stage 2 of the CLUES project a need wamtifled for a Land Use
Classification that was common to all the objectia@d hierarchical so that it linked
the requirements of Enterprise models to Natiornadiels. LCDB2 and AgriBase were
identified as the primary data sources for nationfdrmation and the MAF monitor
farm types were identified as a suitable set oégaties for the finest detail in the
classification. A nationwide map of dominant larsgkwas prepared, and is shown in
Figure 11-1. The methods use to derive the figuee mesented in an Appendix
(Section 16).

The data sources used to develop the land useanaggven in Table 11-1.

Table 11-1: Data sources used for classification and mappirgraf use.

Data Source of Data Date Expected How to
Description timing of obtain
next updated data
update
AgriBase Ministry of Agriculture and Forestry  Sept Annual AgriQuality for
2003 source data*

Land Cover New Zealand Land Cover Data Imagery Imagery MfE for source
Data Base Base v2 (LCDB2), Ministry for the 2001/02, 2006/07, data*

Environment Released Release
2004 2008.

MAF Ministry of Agriculture and Forestry 2004 Annual MAF for
Monitor http://lwww.maf.govt.nz/mafnet/rural- source data*
Farms nz/statistics-and-forecasts/farm-

monitoring/2004/
Pastoral LENZ, Ministry for the Environment 2002 2006/07 Landcare
landform and Landcare Research Research*

* Note: Robert Gibb of Landcare Research can redoenthe above data sources and
rerun the Land Use Model.
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Figure 11-1:

Map of Dominant Land Use at 1998-2003 derived fragniBase, LCDB2 and LENZ.
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11.2.

Table 11-2:

Soil data input to CLUES models

The four CLUES models (SPARROW, EnSus, SPASMO aX&RSEER) require
the soil inputs shown in Table 11-3. SPARROW, En@nd OVERSEER are
relatively light in their soil attribute input remaments, and all data could be supplied.
Spatial detail however is lacking and to providéioral coverage data was supplied
as in the form of the FDLs (Fundamental Data Layére NZLRI). More detailed,
and more accurate data is available but with patwwerage, and this needs to be
processed to make it accessible.

SPASMO has the highest data requirement. It israotspatially but run on soil
profiles representative of major horticultural soiin regions. Suitable data is
contained within the NSD though only a limited nientof NSD sites have the soil
physics attributes required for the model. An utgequirement is to address the lack
of critical soil physics data by developing pedosfaer functions to predict them from

existing soil morphology data.

The data sources used for soil mapping are givéabie 11-2.

Data sources for soil mapping.

Data Source of Date Expected How to obtain updated
Description Data timing of data
next update
Land Land Edition 2 S-map Available on the Soils Portal
Resource Resource (1980's) updates of http://soils.landcareresearch.
Inventory Information older LRI
(LRI) System and FSL co.nz/contents/index.aspx
Database over the next
10 years
Fundamental Land FSL =relate = S-map Available on the Soils Portal
Soil Layers Resource between LRI  updates of http://soils.landcareresearch.
(FSL) Information and NSD older LRI
System data that and FSL co.nz/contents/index.aspx
Database spans 1960's  over the next
to 2000's 10 years
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Table 11-3:

11.3.

Soil data underpinning CLUES modeling, where, FSLai Fundamental Soil-data
Layer which maps soil attributes to NZLRI polygoasd NSD is the National Soils
Database (a database of analysed soil profiles).

Soil attributes Model Soil data supplied
required for models

PAW EnSus FSL: Profile available water (0-90 cm)

Water retention - at least Spasmo NSD: Water retention

FC, SP and preferably the 1 10 kPa, 100 kPa, 1500 kPa

bar value

Organic Carbon and Spasmo Modeled surfaces: Carbon and

Nitrogen contents Nitrogen at depths 0-10, 10-30 and
30-100 cm

Stone fraction Spasmo FSL: % gravel in topsoil

Bulk density Spasmo NSD: Dry bulk density

Sand silt clay fraction Spasmo FSL: soil type topsoil texture, and

Sand, silt, clay lookup-table by soil

group

Soil order OVERSEER®, EnSus FSL: Sail classification
NSD: Soil order

Soil group OVERSEER®, EnSus FSL: Soil classification
NSD: Soil group

Soil subgroup EnSus, EnSus FSL: Soil classification

NSD: Soil subgroup
Soil drainage class OVERSEER®, FSL: Drainage class
SPARROW, EnSus

Establish and maintain FTP site

A CLUES ftp area has been established to allowishasf project information. The
URL for this site idtp://ftp2.landcareresearch.co.nz/clues

All project participants can use the usernaues_usrin order to read material from
any part of the site, and to write material to ftmmon area. A password is
required.

Each of the science providers has a username vginvels them access to read and
write files into part of the site. A password igjuged. These details were sent to a
contact person at each science provider in Apf520
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The user names and passwords are administeredbd®rtRaibb at Landcare Research
(GibbR@landcareresearch.cqa.ph 06-356-7154)

11.4. Introduction to EnSus

In our report for June 2004 (see Section 9 of Waatda. 2004) we assessed the risk
of nitrate leaching from soils under different lanses. We assessed the attenuation
(renovation) due to denitrification at 80% for pegtey soils, 50% for gley soils, and
20% for other poorly drained soils. The NIWA repwrtCLUES, however, suggested
that there was significant loss of total N (by léag, runoff and erosion) from all
these poorly drained soils. In September 2004 wasored nitrate-N in waters in
freshly cut drains in a poorly drained soil in Ma@éu, and found concentrations of 5
to 20 mgN/L. The concentration of N in the surfac@off following a storm in
September was 2.6 mgN/L. This suggests that nilMaten be generated in these
soils, and can move to water, particularly by rdéinof

There have been two recent studies, at the padsiadle, of N losses from poorly
drained soils that have artificial drainage. Moregtet al. (2002) showed that the
losses of nitrate-N under dry dairy cows was 25 /kgly in Southland, with an
average concentration of 7 mgN/L. Houlbrooke e{2003) showed that the nitrate-N
losses were 24.5 kgN/haly (average concentratiomdll/L), while losses of total
dissolved N were 28 kgN/ha/y under dairy cows. Baitidies showed that the nitrate-
N concentration decreased from >10 mgN/L in auttonaboout 2 mgN/L in spring.

This suggests that there can be losses of nitrdterN poorly drained soils. Whether
the loss is by leaching or runoff depends on thiéical drainage and the distribution
of macropores that lead to by-pass flow. Bartonakt (1999) in a review of
denitrification suggested that, since diffusioncafbon to microsites was important
for denitrification, the texture of the soil wasportant in the degree of denitrification
of nitrate to N gas. They suggest that denitrification is highedbams and that it is
low in clays.

Therefore we have modified the risk assessmentnasguthat gley soils under
intensive land use will be artificially drained ahdve consequently assigned low
attenuation factors to such areas. We present mapsand without attenuation. We
also present maps that attempt to separate rundffeaching.

11.5. Loss of soluble N from soils by leaching and run &f

We have made a preliminary quantitative assessofdass of nitrate-N from soils by
leaching and runoff under different land-uses (Ragf al. 2005; Parfitt et al. 2006).
For pastures we estimated drainage and runoff(laamed on our literature review of
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N leaching in New Zealand) we assumed the averagenidentration in soil solution
is 9 mg N/L for dairy (10 mg/L in Waikato and Baf/ Rlenty), 6 mg N/L for beef, 3
mg N/L for sheep/deer, and 4 mg N/L for sheep/bbsing the water balance in
LENZ, we have estimated the drainage for each le®lin each 100-metre cell in
each region (from AgriBase and LCDB2) averaged o@ryears. Multiplying
drainage by soil solution concentration gives aiege for nitrate-N leaching and
runoff under grazed pasture for the year. Houlbeoek al. (2003) showed the
dissolved organic N in water draining from pastwas about 10% of dissolved
inorganic N, and the N leached has been adjustedidyactor.

We also assume nitrate-N leached from soil is 40ag under cropping, 60 kg/haly
for horticulture including vegetables, and 1 toglha/y for other land uses (Neary et
al. 1978, Mosley et al. 1981, Parfitt et al. 199 ebb et al. 2001, MAF 2003). We
have multiplied these data by the land area fon eagion. Losses from point sources
(sewage, dairy factories, abattoirs) have beemtédoen Elliott et al. (2005).

The total loss of soluble N was estimated as 261r&@yg pasture (of which 22 Gg was
dissolved organic N), 17 Gg for crops, 6.5 Gg forticulture, 14 Gg for native forests
and shrubland, and 2 Gg for plantation forestsuf€idL1-2). Point sources (sewage,
dairy factories, abattoirs) were assumed to beGgy7(Elliott et al. 2005), and farm
tracks generated 15 Gg. This gives a total of ak@@® GgN. Although the
concentration of N is soil solution is higher undairy than sheep and beef, the loss
of soluble N in tonnes or Gg is about the sameesihere is a larger area of land under
sheep and beef.
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Figure 11-2:  Loss of soluble N (Gg) from all NZ soils by leachiand runoff in 2001.

Predicting the Effects of Land-use on Water Qualitytage I 65



We have also estimated the losses of soluble-N#g) from soils by leaching and
runoff, for each of 15 regions together with thikd inputs (kg/haly) for each region
(Parfitt et al. 2006). The West Coast is an oytlpobably because the region has
very high rainfall (3 m plus) and a large areaanfrforest. When this data point was
excluded the loss of soluble N by leaching and fluisorelated B = 0.68) to the
inputs (Figure 11-3). Taranaki and Waikato show gheatest loss of soluble N in
kgN/ha. This figure is generally consistent witle thnap of risk of loss of soluble N
from New Zealand.

Regional loss of total N (sediment N plus solublg ttl oceans (kg/haly) for 15
regions of New Zealand (Elliott et al. 2005) is wihoas a function of the N inputs
(kg/haly) in Figure 11-4. With West Coast dataleded, there is a significant
relationship between N inputs and N exported tooteansi = 0.63). The total loss
total the oceans is about 170 Gg of which about@@Qs soluble N. Therefore there
is a loss of 200 Gg soluble N between the soiltaedcean.
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Figure 11-3: The relationship between N input and loss of selibfrom soils for 15 NZ regions.
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Figure 11-4: The relationship between N input, and loss of tbtdsediment N plus soluble N) to
oceans in 15 NZ regions

11.6. EnSus

EnSus is a framework for analyzing and mapping¢tetive risks different land uses
pose to soil quality and water quality. EnSus heenbused to map relative risk classes
of nitrate leakage from soils to surface and growater bodies. It uses best available
knowledge of specified land use pressures and raliigy of the land to those
pressures.

EnSus complements the national SPARROW modellindkiar N and P. However
the EnSus approach is at finer spatial scales 8RARROW, and does not estimate
spatially integrated responses over catchmentstake into account in-stream
processes. The EnSus model can be summariseceasfagles that combine maps of
soils attributes, rainfall, and land use/ managérm@n maps of leaching risk. These
rules are documented in this section, and canyehbsilimplemented as part of the
catchment modelling framework.

The process involved three steps:
* mapping vulnerability of soils to N leaching frohetsoil;
* mapping land use as an estimate of N input presance

« combining vulnerability and pressure to estimadk.ri
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Risk maps are provided for New Zealand (200 m rasidese are intended for large
catchment, regional, and national applications. éMdetailed applications would
require analysis based on available higher reswligodil maps.

11.7.  Vulnerability to leaching

The analysis involves three steps:

* A potential soil leaching index is calculated an@pmed to estimate nitrate
mobilised from the soil with potential to enterterabodies (either ground water
or surface water).

* N attenuation factors are assigned to estimatataitosses by denitrification on
route to water bodies, by passage through wetcestisoils.

* N leaching vulnerability is estimated by reducihg potential soil leaching index
(step 1) by the N attenuation factors (step 2).

11.7.1. Potential soil leaching index

Potential soil leaching was estimated using thedLBEnvironments of New Zealand
national layer of rainfall to evaporation ratio (EF) based on Meteorological Service
monthly data modelled as a mean annual nationtérThis ratio was modified (1)
by a ‘PAW Factor’ used to increase the index whperdile available water (PAW) is
lower than 200 mm (to account for extra leachindowm PAW soils), and (2) by a
‘slow permeability factor’ used to decrease thesindrhere permeability is very slow
(to account for loss of potential leaching watemrasoff). Maps are also presented,
without this second modifying factor, that showcleag plus runoff.

The potential soil leaching index was calculatedR/ET) x (PAW Factor)x (Slow
permeability factor). This estimates the relatiggential for N mobilisation from the
soil (without specifying if this is mobilised torgace or ground waters).

The PAW Factor was determined by the relationstepwvben the water surplus
modelled and reported by Met Service, and the beack PAW values (40, 80, 120
and 160 mm water storage). The PAW multipliers abl€ 11-4 provided for soils
under mean long term average rainfall of 2000mmore, and less than 1000mm. It
is assumed that there is an insignificant effecP&W on relative leaching, when
PAW exceeds 200mm.
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Table 11-4:

11.7.2.

Factors to calculate potential soil leaching byéasing effective rainfall where PAW
is less than 200mm.

PAW multiplier PAW multiplier
PAW Rainfall > or = 21000mm Rainfall <1000mm
<40 1.4 24
40 - 69 13 21
70 -99 12 18
100 - 199 11 14
>200 1 1

Soils with very slow permeability (saturated hydiawonductivity <2.5 mm/day)
were identified in the NZLRI soil legend. For thessls, the potential leaching index
was reduced by a factor of 30%.

Attenuation of N via pathway to water bodies

Attenuation is defined here as denitrification &b of nitrogen to the atmosphere as
either nitrous oxide or nitrogen gas. It is assumhed nitrogen is primarily in the form
of nitrate. We do not account for organic-N, oriseht-N. The attenuation layer is an
independent layer that may be used to reduce ttemfial leaching index and provide
an estimate of the attenuation of nitrate by passiagpugh soils periodically saturated
with water.

Attenuation is estimated by two means:

»  Presence of Gley Soils, Organic Soils and impdsfetrtined soils that have very
slow saturated hydraulic conductivity (less thab @m/day). The data used are
based on the soil theme of the NZLRI.

* Presence of soil associations where gley or orgsmiis are likely to occur as
riparian strips but are too small to be shown oih s@ps. These areas were
identified by delineating land systems, based ohRIZand units, in which well
expressed drainage catenas were likely to occur.

In Gley Soils that are surface, tile or mole drding is likely that nitrate-rich water

will pass directly via drainage to water bodies gadtly escape attenuation by soll
processes. In Table 11-5 we assign attenuatioarfaatltipliers to seven categories of
soil. The factors are estimates from available @vig and their absolute accuracy is
less important than their ranking. Highest atteiomais assigned to organic soils
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Table 11-5:

11.7.3.

11.8.

(Degens et al. 2000; van Beek et al. 2004). Atteondactors for Gley Soils and
imperfectly drained soils are based on anecdoideece and theory. The review of
Barton et al. (1999) suggested that texture inftesnattenuation. We have not used
texture because the relationship between texture twe variables driving N
attenuation in the set of international soils rexdd was not provided.

The attenuation factors are given in Table 11-5p&are also shown with attenuation
set to 1 for all soils.

Attenuation of soil classes used to estimate Nhiggcvulnerability

Soil class Attenuation factors
Very poorly drained (Organic Soils) 0.1
Peaty-gley subgroups (Peaty subgroups) 0.2

[NZSC code “xxO"]

Poorly drained (Gley orders, groups and subgroups) 0.8
[NZSC code = Gxx, xGx or xxG]
And intensive land use (where artificial drainage is assumed)

Poorly drained (Gley orders, groups and subgroups) 0.5
[NZSC code = Gxx, XGx or xxG]

Land with riparian Gley soils 0.7
Imperfectly drained [NZSC code = xxMx] 0.6

And very slowly permeable

Remainder 1

Vulnerability classes

The N leaching vulnerability index is estimatedregucing the potential N leaching
index by the attenuation factors in Table 11-5. Théeaching vulnerability index
ranges from 0 — 44. It was divided into 5 classib the limits: 0, 2, 3, 4, 7, 44. These
limits best express our understanding of potemd¢iathing contrasts across the soil-
landform-rainfall pattern. The scale is not lin@ad strongly influenced by effective
rainfall. Class 5 (7 — 44) is mainly confined toumtainous regions with high rainfall.

Pressure

The pressure of N inputs to soils was estimateth ffand use classes defined and
mapped above (Section 11.1). N inputs were estinateeach land use class based
on knowledge of N (kg/halyr) leached under difféerlamd uses (Parfitt et al. 2006,

Ledgard and Meneer, 2005). The input values ware fitaled to define an N pressure
index.
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11.9. Risk of Nitrate leaching and runoff

Relative N leaching risk was derived from the comaibn of pressure on

vulnerability. We did not consider the sensitivif receiving water to pollution or

asset values in this analysis. Only one hazatdhtaei(leaching and runoff) from the
soil, is considered. We have not considered orgdnar sediment-N. Vulnerability

and pressure are combined in Table 11-6. The Ne#knates are grouped into 5
classes of risk.

Table 11-6: N leaching risk derived from N leaching vulnerapiand N pressure, where risk = (N
vulnerability index) x (N pressure index).

N leaching risk classes are: very low <3, low = 3-fhod =|8-16, high = 17-29, very

high =
N N leaching vulnerability index

Land use class (from the N pressure
CLUES land use pressure index  Low Mod Mod Mod High
classification) (kgN/haly)  scaled: (1) low (2) (3) high (5)

Oto 10 4
Pastoral dairy (intensive
ryoirl ° o W 0 W @ H
Horticultural and
vegetables 50 10 19 e L L L
Arable 40 8 8 16 24 B g
Pastoral dairy (non-
intensive <=12 SU/ha) 30 6 B = L C .
Pastoral sheep and beef 20 4 i g 12 16 20
- SB1
Pastoral sheep and beef
- SBH 10 2 2 4 6 8 10
Pastoral other animals 10 2 2 4 6 8 10
Pastoral deer 7 1.4 1.4 2.8 4.2 5.6 1
Pastoral sheep and beef
_SMO 5 1 1 2 3 4 5
Other — (urban, bare 5 1 1 5 3 4 B
ground etc.)
Exotic forest 3 0.6 0.6 1.2 1.8 2.4 3
Native forest 2 0.4 0.4 0.8 1.2 1.6 2

Uncertainty in this analysis is introduced by:
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» Accuracy of the index of mean annual rainfall tagetranspiration layer and its
applicability as an index of potential leaching.

 The appropriateness of multipliers for PAW, venpvsl permeability, and
attenuation in wet soils.

» Accuracy of soil map representations of PAW, vdowspermeability soils, and
wet reduced soil layers including identificationlahd units with poorly drained
riparian strips.

*  Choice of vulnerability classes.

» Combination of LCDB land cover classes and AgriBlasel use classes, and the
estimation of N pressure index.

* Method for combination of pressure and vulnerahiland choice of risk class
limits.

It is not possible to express the sensitivity @& thsult to these uncertainties without
further analysis. Use of more detailed scale sodpsn where available, will
substantially decrease uncertainties in uncertaiatygory 3.

11.10. Results for Nitrate leaching

Maps of relative risk of nitrate leaching are shdanNew Zealand in Figures 4. Risk
is expressed in the 5 classes of Table 11-6. Tteeudeed to generate the risk maps is
available for the following layers:

1. Potential N leaching index (PNLI).

2. PNLI modified by attenuation in combinations of:

a. undrained Gley and Organic Soils,

b. riparian Gley and Organic Soils,

c. drained Gley Saoils.

3. Nitrate leaching risk based on land use pressutdPaiil modified by
drained or undrained soils.
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EnSus Nitrate Leaching Risk Model 2005

“This map should only be interpreted with reference to
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Figure 11-5: Map of N leaching risk, based on EnSus methodology.
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11.11. Data sources for EnSus component of CLUES

EnSus uses the data provided by the soil and |aedmapping and classification
described in Section 11.1 and Section 11.2.

11.12. Proposed next steps

1.

Mapping of land use: finalise national map of larsg and management. See
the Appendix (Section 16) for important additionalrk that needs to be done
to reduce uncertainty in the assignment of landonessure.

With explicit statements of variability and uncémtst in both soil parameters
(vulnerability) and land use (pressure) now avédala full Bayesian risk
assessment can be achieved.

A spatial water balance model is now availableatdcare Research for all of
NZ and this should be incorporated into the EnSwadyais.

A first-cut spatial representation of leaching giN¢ha can now be achieved
using assumptions of N in soil solution.

Assessment of loss of ammonium, dissolved organendll sediment N can
also be achieved.

Maintain FTP site so that project partners canabdyi and efficiently
exchange information.
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12. Workshop 3: July 2005

The third project workshop was held in HamiltonJuty 26, 2005, to review progress
in Year 2, and make plans for Year 3. The progranite day was:

10.00 Welcome by Gerald Rys, introductions as mreguioutline of goals for the day
(review progress to date, propose future work).

10.10 Ross Woods - very brief project overview (&sh

10.15 Allan Hewitt and/or Robert Gibb— Mapping @flS and Land use/management,
revision of EnSus mapping of N leaching risk, andJES ftp site.

10.30 David Wheeler - OVERSEERmodel of pastoral land use impacts on water
quality.

10.45 Brent Clothier - SPASMO model of horticuliutand use impacts on water
quality.

11.00 Coffee break.

11.15 Simon Hatrris - triple-bottom-line effectsland-use change.

11.30 Sandy Elliott - SPARROW model for P.

11.45 Ude Shankar — developments in CLUES spatdaidwork.

12.00 Peter Singleton and Sandy Elliott - TrialhagBW.

12.15 Discussion — initial response from Gerald end user reps on progress to date.
12.30 Lunch.

1.15 Gerald Rys to provide initial response ondioms for year 3 as he sees them.

1.30 Ross Woods to outline the current ideas farYe based on the original project
proposal, issues identified in Workshops 1 & 2 jgrbprogress to date, and any emalil
discussion in July 2005. Additional.

2.30 Any other issues.
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1. How will the modelling framework be maintainedlfised after end of 3-year
project?

2. Are there any unresolved issues related todotems with IRAP?

4.00 Close of meeting and Coffee.
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13. Summary

In Stage | of the project, we defined a flexiblel aobust computer modelling system,
capable of linking to several different water gtyalnodels. The modelling system

acts as the framework for assessing the integeftedt of small-scale activity (e.g.,

farm-scale) on catchment-scale water quality. Waegan on adapting several water
guality models so that they could be linked tortiaelling system.

In Stage Il of the project, the modelling systemwrknown as CLUES, was extended
so CLUES users could conveniently develop new lagal scenarios for use with the
models. Common national databases for land ussaiteiwere developed, for use by
all the models. Several models were linked intoGh&JES system, so that a variety
of different land uses can be modelled more acelyrat the catchment scale than was
previously possible. The SPARROW model, which prasly used its own
independent method for calculating N leaching, maw use N leaching calculated by
the OVERSEER model, and will shortly be able to use SPASMO ltesas well. A
version of OVERSEERwas linked into the CLUES system, and a large lpolable
of SPASMO results was generated for use within CBUEA national SPARROW
model for phosphorus was completed, and can be frsed within CLUES. The
EnSus N leaching risk map for New Zealand has lreeised to make use of new
information which became available during Stagéthe project.

A significant need now is for implementation of CEB, to gain experience in the use
of the system, so that it can be adapted to impeage of use, and so that needs for
documentation can be assessed. A users guide witted examples is needed.
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15. Appendix 1: Contract Objectives for Stage Il

15.1.

15.2.

The following information is taken directly from ISedule 1l of the contract between
NIWA and MAF.

Objective 1

Objective Title : Catchment Modelling Framework

Objective Leader. Dr Sandy Elliott

Description:
CLUES is the name of the framework used to provide user interface to
models which predict the effects of land use charigevas designed and
constructed in year 1 of this project, and it wasrected to the SPARROW
water quality model. In year 2 it will be enhaneeddescribed below.

Methodology:

* Add new features to CLUES framework so that usarsveork with land-
use change scenarios: (i) tool to create land ceeasio from current map
of land use and management (ii) tool to overlagluaent boundaries on
maps of land use and management. Output will beneve software tools
that run in the CLUES GIS framework, and documénitabn how to use
them

« Link more models to the CLUES framework: OVERSEERith 5
scenarios (dairy, sheep/beef: high-country/hillfgtoy/lowland, and deer),
SPASMO , Triple-Bottom-Line, EnSus, G/W componehG®@ARROW.
This requires cooperation between NIWA and all ithén some cases
the individual modellers have to do more work befthreir model is ready
to link. Output will be CLUES software system witlinks to
OVERSEER, SPASMO, Triple-Bottom-Line, EnSus, G/W componeht
SPARROW

» Redesign user interface for CLUES framework, iflabmration with
Environment Waikato, so CLUES is easier to use.(egsure results
shown as both concentrations and loads). Outputeitevised software
for CLUES interface.

Costing for Objective 1 as in NIWA proposal - $65K incl GST for 2004/05
NIWA $65K incl GST

Objective 2

Objective Title: SPARROW modelling for surface and groundwater
Obijective Leader: Dr Sandy Elliott

Description:
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To maximize consistency among the various modetd ua the project,
NIWA will adapt the SPARROW model to use N yieldsoyided by
OVERSEER and SPASMO models, in place of the N yields edtahady
SPARROW. This will allow the number of SPARROW mbgarameters to
be reduced — the remaining parameters will be itredd in year 2. The
main function of the SPARROW model will then bertute and attenuate
nutrients through catchments. A second SPARROW imdale phosphorus,
will also be added to the CLUES framework. The SRERV P model has
already been calibrated for New Zealand.

NIWA will also conduct pilot testing with EW, focug on the Land Use
Change Tool being developed in Objective 1.

Lincoln Ventures will provide NIWA with best estites of the parameter
values needed to use the groundwater componeitec6PARROW model,
which was developed in year 1.

Methodology:

» Recalibrate the national SPARROW N model (with/eithG/W?) using
the N vyield values from the OVERSEERand SPASMO work in
Objective 4. Output is new set of SPARROW paransefar delivery and
attenuation

» Carry out pilot testing at Environment Waikato bétLand Use Change
Tool being developed in Objective 1, in conjunctigith the SPARROW
model as it was at the end of Year 1. Test othedeiso(e.g., EnSus,
OVERSEER, SPASMO, Triple-Bottom-Line) as they become aldéa
in the framework. Output is a workshop with EW tengrate land use
change scenarios, report by EW on use of CLUES

* Implement SPARROW model for P. Output is CLUES wafe which
predicts P as a function of land use, throughowt Kealand.

* Improve SPARROW G/W model, by developing simpleygitally
realistic methods to predict the exchange betwetearss and
groundwater bodies. Output is report and softwape éstimating
exchange between streams and groundwater bodies

Costing for Objective 2 - $70K incl GST for 2004/5

NIWA 60K incl. GST
Lincoln Ventures 10K incl. GST

15.3.  Objective 3

Objective Title: Triple Bottom Line Effects of Land-Use Change
Objective Leader: Mr Simon Harris
Description:

Develop functional relationships between land-usnge and environmental,
social and economic parameters at a level of dapgitopriate to the intended
use of the DSS and in a form that is compatiblén VWRC-GIS. The outputs
will be mathematical equations and parameter valddge key environmental
performance indicators will be surface and groumatiewquality metrics.

In Year 1 these relationships were developed feMiaikato region. In year 2
they will be extended to as many other regions @V ealand as practical.
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Methodology :

» Develop functional relationships between nutriegritaminant losses and
land-use type and intensity. The relationship$ bél based on published
data (eg “Implications of groundwater nitrate stmad for agricultural
management. Ecolink, MAFpolicy Technical Repd®{1®, 2000) and
use of models such as OVERSFERRelationships will be of the form of
“nitrate concentration in leachate water as a foncof dairy cows per
hectare and use/non-use of BMP'’s”".

» Develop functional relationships between socio-eooic outputs and
land-use type and intensity, taking into accounethbr land is irrigated
or non-irrigated. Based on production and finandiata, use of crop
production models, and published relationships betwsocio-economic
metrics and farm-gate output. Relationships wil &f the form of
“employment per hectare as a function of farm tgpel intensity of
operation”.

Costing for Objective 3 - $50K incl GST for 2004/205
Harris Consulting $50K incl. GST

15.4.  Objective 4

Objective Title : Enterprise-scale Modelling
Objective Leader: Mr David Wheeler

Description:
Provide input of water quality and economic pararetto the CLUES
framework under different land use systems, andag@ment systems within
a given land use type.

Methodology:

The outcomes will be achieved by linking togethristing farm-scale and
paddock-scale models (OVERSEER1d SPASMO) to the GIS system. This
will be achieved by:

« OVERSEER scenario development for 5 scenarios: dairy, sheefi
high-country/hill-country/lowland, and deer. Theseenarios must be
compatible with the corresponding land use typesptatl for land use
mapping in Objective 3.Also provide advice as reepli in other
objectives. Output is OVERSEERiynamic linked library (DLL) with
documentation on how to call the library for ea€lthe scenarios

+ Create database of SPASMO predictions of N leacHmg many
combinations of crop, fertiliser, climate and soiButput is database of
results delivered in electronic format, with shodport listing the
combinations used, describing the limitations @& thsults, and the uses
for which they are intended

Costing for Objective 4 - $60K incl GST for 2004/205
AgResearch $30K incl. GST for 2004 /05
HortResearch $30K incl. GST for 2004/05
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15.5. Objective 5

Objective Title: Mapping of Pollution Risk, Land Use and Soils
Objective Leader: Dr Alan Hewitt

Description:
This objective will develop national maps of saitsd land use for all models
in the project to use. The soils and land use mé&ion will be in formats
which are compatible with all the models. The infation will be made
available to all project partners on a shared seaomputer site. This
objective will also make minor revisions to the Mllption risk model
developed in year 1, to maximize consistency witileomodels.

Methodology:

* Mapping of land use: (i) Define standard list opeg of land use and
management, and document their relationship tor digte of land use, in
consultation with all project partners (ii) crea@tional map of land use
and management which uses these standard typé&sd@nicrigated areas
and typical amounts? Include presence of smallks®c (iii) Show links
between these farm types and the MAF monitor faypes. Output is
short report on standard land use types, includitadple of
correspondences to MAF monitor farms, and digitapndata for New
Zealand land use

* Mapping of soil type: (i) consult with AgResearchdaHortResearch to
determine the soil classification appropriate tcheaodel (ii) provide soll
type map for use when calling OVERSEERNd SPASMO. Output is
electronic versions of soils map(s).

» Revise EnSus N model, by reviewing and justifyirtigrauation factors,
and adding drainage assumptions. Output is reparekectronic versions
of revised tables, grids and rules for EnSus N.

» Establish and maintain FTP site so that projectngas can reliably and
efficiently exchange information. Output is opevatil ftp site.

Costing for Objective 5 ~ $45K incl GST 2004/05
Landcare Research $45K incl. GST
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16. Appendix 2: Land use classification and map

Early in year 2 of the CLUES project a need wasniified for a Land Use

Classification that was common to all the objectia@d hierarchical so that it linked
the requirements of Enterprise models to Natioradlels. LCDB2 and AgriBase were
identified as the primary data sources for nationfirmation and the MAF monitor
farm types were identified as a suitable set oégaties for the finest detail in the
classification.

Figure 16-1 illustrates the 4 tiers of the clasaiion and

Figure 16-2 is a map of Dominant Land Use at Tieletived from AgriBase, LCDB2
and LENZ. The following sections discuss the apghoased to implement the
classification and resolve inconsistencies betwlercontributing databases.

16.1. Data sources for land use classification in CLUES

The data sources for Land Use Classification amansarised in Table 16-1.

Table 16-1:  Sources of data for Land Use Classification

Data Description Source of Data Date Expected How to
timing of obtain
next update updated data

Farm types and MAF  Monitoring Farm 2003/04 Annual MAF
farm attributes Reports — for details see
section 16.2.1

Farm types and AgriBase — for details see Sep 2003 Annual AgriQuality

farm attributes section 16.2.2

Land cover Land Cover Database v2 2001/02 Imagery: MfE /
(LCDB2) — for details see 2006/07 Landcare
section 16.2.3 Release Research

2007/08

Topography Land Environments of New 2002 2006/07 Landcare
Zealand (LENZ) - for Research
details see section 16.2.4

Stock Units and H. Clark (pers comm.) —for 2004 unknown H. Clark

Relative Stock details see section 16.2.5

Carrying Capacities

16.2.  Contributing database overview

Each contributing database has particular strengiid weaknesses, which are
discussed below.
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16.2.1. MAF monitor farm types

MAF produces a set of Monitor Farm models “proviglasurvey of farmers' opinions
on their industry and its prospects” available aliyu from their website
<http://www.maf.govt.nz/mafnet/rural-nz/statisti@se-forecasts/farm-monitoring/>.
Each Monitor Farm model is derived from a set of @0 so farms that are
representative of farms in a locality. Dependingtb@ model the locality could be
national, North or South Island or one of more @egi or districts. Models are
published annually and provide climatic, productibnancial and trade perspectives
relevant to the farms. They are therefore richomfarm detail and off-farm
influences, while falling short of being an acta@scription of any particular farm.
Their definition has only a loosely defined concegpspatial extent and while they are
representative of the primary activity in a regtbere is no attempt to encompass all
the variants in operations of any farm type. ThenMw farm models that have been
used are listed in Table 16-4.

16.2.2. AgriBase

AgriBase provides rich detail about on-farm crojpsrticultural species and animal
numbers for many stock types, but it is incomplatéh in spatial coverage (not all
farms are present) and in the data-fields farm osvrteave chosen to fill in.
Furthermore its spatial detail is limited to whédem enterprises. This has four types
of consequences a number of which may coincida &ingle farm:

1) Where a farm has more than one activity, AgriBaseomds what the
activities are but doesn’t record where they tdkegwithin the farm.

2) Where a farm uses both land owned by the enterpriseleased from
other owners, the AgriBase record may contain airffy information —
such as: the sum of the areas occupied by all ldr@ pypes may differ
significantly from the recorded total spatial extefthe farm.

3) Where a farmer has not filled in all the data-feetdat are relevant to their
farm, there will obviously be data gaps leadinguttcertainty in the
interpretation.

4) Where a farmer has misinterpreted the meaning ef anmore data-
fields, the data will appear to be inconsistent.
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16.2.3. Land cover database v2 (LCDB2)

LCDB2 provides complete, internally consistent oiaél coverage with a nominal
spatial resolution of 1ha, but gives no indicat@frwhat stock are present on pasture
or of crop types or (with a couple of exceptionsharticultural species.

16.2.4. Land environments of NZ (LENZ)

When looking at matching the MAF Monitor farm cateigs to the data that was
present in AgriBase and LCDB?2, it was realised tiether database provided useful
information to distinguish between the broad MAF mitor farm categories of
Intensive vs Hill Country vs Steep Hill / Mountatountry Sheep and Beef farms. It
had been hoped that the LCDBZ2 categories of Higldyxring pasture, Low producing
pasture and Tussock would align with MAF Monitornfiatypes, but they didn't. To
redress this shortfall LENZ was used to createa ¥ Rolling vs Hill country vs
Mountain pastoral landform categorisation that ddog¢ used to partition Sheep and
Beef farms into the desired Monitor Farm categorié®se result is shown in Figure
17-2.
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16.2.5. Stock units and relative stock carrying capacities

On farms with more than one type of stock and ntben one type of pastoral
landform a mechanism was needed to estimate tlas axupied by each stock type
as proportions of the available pastoral land. this purpose, all animal numbers
were converted to Stock Units usingple 16-2, and relative carrying capacities for the
different LENZ pastoral landforms were used to m@ta stock units across the
pasture. These were derived by spatially corrgdatiENZ landforms with NZLRI
Average Carrying Capacity.

Stock Type Stock Units LENZ Pastoral Relative Stock
Landform Carrying
] ] Capacity
Dairy Cows — Taranaki 4.9
— Elsewhere 6.65
Beef, Bison 5.3 Flat 1.1
Horses 4 Rolling 0.66
Deer 1.9 Steep Hill 0.05
Alpacas 1.9 Mountain 0.05
Donkeys 1.9
Goats 1
Ostriches, Emus 1
Pigs 1
Sheep 0.95
Other 1
Table 16-2: Stock Unit equivalents for Table 16-3: Relative Stock Carrying
AgriBase stock types. (H. Clark pers comm, Capacities for Pastoral Landforms within
with the exception of Bison which is only a farm.

minor and has been lumped with Beef).
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16.3.  Applying the classification

The two primary data sources AgriBase and LCDB2peetvely offer high
classification precision for low spatial precisi@md low classification precision with
high spatial precision. In theory merging the twould produce high classification
precision AND high spatial precision. While thisshlaeen achieved in many places,
the failings and inconsistencies of the two datsaintribute to considerable
uncertainty in other places. The aim thereforeldess to develop an approach to land
use classification that explicitly acknowledges fatiénces in certainty, actual
variability in the landscape and farm diversitycomplexity.

To achieve this each farm is considered to be aptomof all possible regional
monitor farm types for the region, and the datalegdicitly records a probability
associated with each. Where stock are involvedittteabase also records the apparent
stocking density for the farm type. In this way ttetabase lends itself to applications
where farm inputs and production need to be modde comparing the stocking
density on the farm with the stocking density fog tonceptual monitor farm.

In areas where AgriBase has no record or key pietése jig-saw are missing, land
use is inferred from the available information fbe land parcel — typically Tier |
from LCDB2, and the average Tier lI-IV probabilgiérom the similar Tier | land
parcels in the surrounding district are appliedrmgstimate of the missing data.

The probabilities recorded for a farm do not neaglyssum to unity. This occurs
when imperfect or conflicting data is available eT$um of probabilities is therefore a
measure of the data quality — in general the closamity the more consistent and
complete the information provided by the differelata sources. Other measures of
data quality are also provided; the total stock eojuivalents and total land usage
areas provided from AgriBase, the computed LCDB@nfarea and the recorded
AgriBase farm area. Comparisons of these figuresige useful measures of the
quality and completeness of the information avééldbr the land parcel.

So as to provide some detailed information for usesimple analyses, all the
probabilities for each parcel were examined and ldrel use with the highest
probability assigned as a dominant land use fon &er of the classification, and the
results are shown in Figure 11-1 in the main bddis report.

16.4.  Next steps

Three next steps are identified:
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» AgriBase / LCDB2 confusion matrices.

* Testing the LENZ landform to Sheep & Beef Monitarif relationship.

* Refining the spatial allocation of the regional MA®nitor Farm models.

The first provides a means of resolving the primamaining source of classification
confusion in the dataset, the second is necessarpravide robustness to the
classification process.

16.4.1. AgriBase / LCDB2 confusion matrices

One concluding step was not possible in the tinalavle and should be undertaken.
At present there are two mutually exclusive wayasing the dataset.

Either: Assume LCDB2/LENZ is correct for Tier | ande the information from the
surrounding farm for that land use classificatiornirifer the Tier II, Il and IV
details.

Or: Assume AgriBase is correct, and analyse all ghababilities for the farm
enterprise,

The first option provides high spatial detail, awhsiderable additional classification
detail beyond that obtainable from LCDB2 on itsngWut it risks ignoring additional

plausible detail from AgriBase that might imply ama likely land use. Examination
of a particular example will illustrate the situati

Situation: A farmer has bought a property that is %past@teative bush. Their
intention is to run a vineyard and they have sthitstalling vines. In the meantime
they are running a few stock on the land that hig@t'been developed as a vineyard.

* The AgriBase record, shows the farm is a vineyaitth %Vines, %other Plants
and a few beef cattle. This record is actuallytejtypical, in filling in the form
they have failed to record the %pasture occupiedtbgk, haven't noticed that
there is a column for native bush and have lumpenhtdo the other plants
category because it isn't vineyard and in theirdmever will be.

« LCDB2 shows %pasture and %native bush — quite plyslie vines were too
small to show up in the satellite imagery, or ightijust be a timing issue that
AgriBase in September 2003 post dated the instafladf the vines and the
imagery of 2000-1 predated it.
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The first approach assumes LCDB2 is correct angmasks about the presence of
vines, the second approach doesn’t know whereittes\are but a model would put a
% probability of vines at any point on the farmhvatit further distinguishing between

the relative probability of conversion of nativesrsus pasture to vines.

Most people looking at the information would preguwith reasonable certainty that
the vineyard had been created from part of theupasbut our analysis is unable to
make that inference. The reason is that confusiattices do not exist for any of the
contributing datasets. If they were we could buailthble of probabilities that items of
one class were likely to be items of a differeratssl in the other dataset and these
relationships could be used resolve the discrepanioétween the data sources and
allocate probabilities to their likely equivalenits the other classification. Such
confusion matrices have very wide potential appiictg.

There are two possible approaches to building afusoon matrix that relates
AgriBase and LCDB2 classifications. Build a conéusimatrix for each dataset
against an independent source of ‘truth’ and frdrat tconstruct an AgriBase —
LCDB2 confusion matrix, or build the AgriBase — L8P confusion matrix directly
from further analysis of agreements and discreganici the data we have. The first
approach would be very valuable not only for thigjgct but also for any other project
using LCDB2 or AgriBase independently. The secapgroach would probably solve
our immediate problem but would have limited widgplication and has the further
caveat that | have not yet had the opportunityotwsalt a statistician on its veracity.

16.4.2. Testing/validating the LENZ landform to sheep & beé& monitor farm type
relationship

The existing relationship has been developed bgimgathe landform descriptions in
the MAF Monitor Farm spreadsheets and matching ttenthe descriptions in the
LENZ Technical Guide, their spatial extent and gahdield knowledge. Most
categories were achieved with a match at LENZ |@ydlut level 3 and 4 distinctions
were also required. A more robust verificationted tesult of this classification should
be undertaken before too much emphasis is placéideoresult.

16.4.3. Refining the spatial allocation of the regional MAFMonitor Farm models

As a first approximation, MAF Monitor Farm Modelave been allocated to groups of
Region Council boundaries. A further refinementhaf spatial allocation would be to
assign models to Districts Council boundaries aotitain boundaries that are specific
to the model design. These could be modelled thrdNig_RI or LENZ, or mapped in
consultation with MAF staff.
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MAF Land Use MAF Monitor Farm Model Name Regional Description Regional
Monitor Classification (‘and URL to 2004 model report) (quote extracted from the introductory paragraph(s) in the 2004 model report) Assignment
Farm Type Code (RC boundaries)
Dairy AAA_DAI_NTH Northiand calving dairy farms north of Auckland City Nth, Auck
AAA_DAI_WAI Waikato/Bay of Plenty seasonal supply dairy farms in the Waikato and Bay of Plenty Wai, BoP, Gis
AAA_DAI_NIL Lower North Island 3,235 seasonal supply dairy farms in the bottom half of the North Island, including Tar, HBay, MW,
the regions of Taranaki, Manawatu, Horowhenua, Wairarapa and Southern Hawke's  Wgtn
Bay. These dairy farms supply the Fonterra Co-operative Dairy Company.
AAA_DAI_CAN Canterbury 700 dairy farms throughout Canterbury and North Otago Tas, Marlb, Cant
AAA_DAI_STH Southland owner operators who supply milk to the Fonterra factory at Edendale Otago, Sth
AAA_DAI_WCS West Coast South Island West Coast of the South Island WCoast
Sheep & AAA_SBI_NTH Northiand [Northland] easy rolling to moderately steep hill country Nth, Auck
Beef
AAA_SBI_WAI Waikato/Bay of Plenty Intensive 1,200 farms bounding the predominantly dairying districts of the Waikato/Bay of Wai, BoP, Gis
Plenty region.
AAA_SBI_MAN Manawafw/Ranqitikei Intensive situated on flat to easy rolling country in the Manawatu and Rangitikei districts Tar, HBay, MW,
Wagtn
AAA_SBI_CAN ga;:r};ei:;?#r:v/Marlborouqh Breeding sheep and cattle breeding and finishing farms in coastal Marlborough and Tas, Marlb, Cant
Canterbury. Farms are located on the dry downs and plains, in irrigated areas, and
in the higher rainfall upper plains
AAA_SBI_STH Southland/South Otago Infensive intensive sheep and beef farms in Southland and South Otago, ranging in size from  Otago, Sth,
100-300 hectares (ha). The farms are on the plains and downlands in normally WCoast
ample summer rainfall areas
AAA_SBH_NIC Central North Island Hill Country a range of hill country across the central area of the North Island. It includes the Nth, Auck, Wai,
Waitomo, Ruapehu, Taupo, Wanganui and Rangitikei districts, as well as the BoP, Tar, MW

Taranaki region
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MAF Land Use MAF Monitor Farm Model Name Regional Description Regional

Monitor Classification (‘and URL to 2004 model report) (quote extracted from the introductory paragraph(s) in the 2004 model report) Assignment
Farm Type Code (RC boundaries)
AAA_SBH_GIS Gisborne Large Hill Country 230 farms located from the top of the East Coast through to inland Wairoa, with Gisb

contours ranging from steep erosion-prone hill country to easy rolling, high

producing farmland
Hawke's Bay/Wairarapa Hill

Country

Canterbury/Marlborough Hill
AAA_SBH_CAN Countr

AAA SBH OTA Otago Dry Hill

AAA_SBH_HBW hill country properties from Wairoa south, through to Cape Palliser HBay, Wgtn

hill country farms in Marlborough, Canterbury foothills and Banks Peninsula Tas, Marlb, Cant

400 farms in the Otago area. These farms range in size from 500-4,000 hectares Otago
(ha), and are spread from Kurow in North Otago to Millers Flat in Central Otago,
with the main concentration being in the Middlemarch and inland Palmerston areas.

The model size is 2,000 ha
Southland/South Otago Hill

AAA_SBH_STH Country 750 farms in the moderately rolling clay downlands to steeper hill properties in Sth, WCoast
South Otago and Southland. The farms are spread through the Clutha (44%),
Southland and Gore (56%) districts
AAA_SBM_SIM South Island Merino 200 hill and high country merino properties in the South Island Sth Island
Deer AAA _DEE_NTH North Island Deer North Island Nth Island
AAA_DEE_STH South Island Deer represents the deer farms of Southland and South Otago. It is based on a farm Sth Island
running deer only
Arable ARA_ARA_CAN Canterbury Arable Cropping 600 properties over 100 hectares (ha) located throughout Canterbury Can
ARA_ARA_WAI Maize (Waikato) maize growing for silage and grain in the Waikato and Bay of Plenty areas Wai

Process and Fresh Vegetables

ARA_PFV process and fresh vegetable growers throughout New Zealand

Kiwifruit

Horticulture  HOR_KIW kiwifruit orchards in the major growing areas of New Zealand. The model budget

represents an established owner-operator property in the Bay of Plenty
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MAF Land Use MAF Monitor Farm Model Name Regional Description Regional
Monitor Classification (‘and URL to 2004 model report) (quote extracted from the introductory paragraph(s) in the 2004 model report) Assignment
Farm Type Code (RC boundaries)
HOR_SUM Summerfruit New Zealand summerfruit industry in the two main production regions, Hawke's Bay
and Central Otago
HOR_TRO Subtropicals subtropical crops of avocados, citrus, persimmons, feijoas, tamarillos and
passionfruit. These crops are grown in the warmer parts of New Zealand,
particularly Gisborne, the coastal Bay of Plenty, greater Auckland and Northland
HOR_EXB Export Berrvinit export berryfruit crops grown throughout New Zealand. They are grown mainly in
Auckland, Waikato, Horowhenua, Nelson and Canterbury
Not used Apiculture beekeeping activities and products throughout New Zealand
HOR_FLO Eloriculture flower industry in New Zealand
HOR_VIT_HAB Viticuiture owner-operator vineyard businesses whereby grape income is the primary income.  HBay,
HOR_VIT_MAR This excludes the smaller lifestyle properties and the larger corporate businesses. Marlb.
The two budgets represent the Hawke's Bay and Marlborough regions
Pipfruit HOR_PIP_HAB Hawke's Bay Fipiruit Hawke's Bay is the largest pipfruit-producing district in New Zealand, exporting 50% HBay
of the country's pipfruit crop. Most orchards have a mixture of pipfruit varieties and
are run by owner-operators
HOR_PIP_NEL Nelson Pipfruit Nelson is the second largest apple district in New Zealand after Hawke's Bay. Most ~ Nelson
orchards are a mixture of old and new varieties, typically run by owner-operators
Table 16-4:  MAF Monitor Farm Models and their Land Use Classifion.
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Figure 16-1: Land Use Classification.
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Figure 16-2: Maps of spatial pattern of LENZ Landform (left) ab&l (1980) Average Stock Carrying Capacity for LB®Dpastoral land. Non pastoral
land is shown as light grey on both maps.
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17. Appendix 3: Details of Workshop 2: August 2004

17.1. CLUES: Spatial framework that provides the project‘glue’ - Ude Shankar

» Gerald made it clear he wants to target technigaiyppetent users, not planners
working alone. Could have a decision-maker witleehhical assistant who can
use the model to answer questions

« We need to spend some time in Stage 2 on a clearinterface design (still
within Arc), so that marketing is easier — Rosgitdude item in Y2 proposal.

» Issues raised about building a stand-alone versi@hankar to advise Ross on
preferred options

* Need flexibility to present results as both contigns and loads - Shankar to
include in interface design, Ross to include imfatreports

17.2. SPARROW model for N - Sandy Elliott

«  Willing to replace the SPARROW source equationdMERSEER/SPASMO
output, and then recalibrate SPARROW delivery dtehaation

«  SPARROW source yield for dairy is high, but attefarain small streams is high
too, and very little data in small streams. Perlip& constrained source yields
to be smaller, then attenuation would not be sd hig small streams (even
independent of flow!)

17.3.  Extending SPARROW model for groundwater - Vince Bidvell

* Willing to compromise on his approach of constaohaentration in drainage
water for given land-use

« Happy to see his estimates of N concentration seged by OVERSEER
estimates

17.4.  Triple-bottom-line effects of land-use change - Sion Harris

* Not clear how to use this modelling system for scienof capped N discharge
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17.5. EnSus mapping of N leaching risk - Allan Hewitt

* May need to add irrigation to rainfall.

Roger Parfitt (Landcare Research NSOF project)
* Using NIWA data to do national N budgeting.

* Analysing N in Manawatu R — very interested in se@a$ dynamics.

17.6. OVERSEER® model of pastoral land use impacts on water qualt — David
Wheeler

»  Watch out for consistency of definitions — espégifdr slope.

« Wil need regional differences in OVERSEEBcenarios.

17.7. SPASMO model of horticultural land use impacts on \ater quality - Brent
Clothier

* Can do many SPASMO model runs to provide lookudetatior all likely
scenarios of crop, fertiliser, climate and soils.

17.8. Comments by Gerald Rys

* Need to show robustness — do the results makezémse step).

»  Simplicity — can accept complex model well doneetdswill want to put their
own data into it as a way of gaining ownership.

«  Comparability of results — are there conflictingirestes of N leached? How do
we resolve this? (OVERSEERSPASMO can be used to supersede SPARROW,
EnSus and TBL estimates).

* Seamless integration would be good. Willing to havsingle launch pad for
several models (EnSus is different to SPARROW/OVERR’/SPASMO/TBL).

» Consistent use of inputs — LCDB2, AgriBase and MAéhitoring Farm data.
»  Flexibility and updating of both data and models.

» Uncertainty — do we want to quantify this? Can Wé¥en?
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» Calibration — Gerald keen to see models calibratedly SPARROW G/W really
needs more effort on this aspect.

» Catastrophic events — Gerald interested in effeftbods (on sediment).

*  The word “pollutant” is red rag to a bull — can get rid of it?

*  Gerald was surprised there was no effect of sloplkd models.

17.9.  Cooperative NZ research on soils - Brent Clothieand Liz Wedderburn

» gave a talk on new cooperative FRST research da ‘¥ur Roots Are in the
Soil” — AgResearch, HortResearch, Landcare Rese@rmdp and Food Research.

17.10. A name for the project

* CLUES - Catchment Land Use and Environmental Soaskslity.

«  CURLEW - Computations on Use of Rural Land and &&en Water.

 EAGLE - Estimating Aggregate General Loadings iviEbonment Systems.

e NO-CLUES - Nitrogen Output - Catchment Land Use dfavironmental
Sustainability.

 LUMPS - Land Use Models for Productive Systems.

The acronymCLUES - Catchment Land Use and Environmental Sustaiityalvilas
chosen as the project name and has been in uge sinc
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18. Appendix 3: Details of Workshop 3: July 2005

18.1. Agenda

» 10.00 Welcome by Gerald Rys, introductions as regljioutline of goals for the
day (review progress to date, propose future work).

* 10.10 Ross Woods - very brief project overview (Bsh

e 10.15 Allan Hewitt and/or Robert Gibb— Mapping ofoilS and Land
use/management, revision of EnSus mapping of Nlegaisk, and CLUES ftp
site.

« 10.30 David Wheeler - OVERSEERmodel of pastoral land use impacts on
water quality.

* 10.45 Brent Clothier - SPASMO model of horticuliuend use impacts on water
quality.

* 11.00 Coffee break.

e 11.15 Simon Harris - triple-bottom-line effectslafid-use change.
* 11.30 Sandy Elliott - SPARROW model for P.

e 11.45 Ude Shankar — developments in CLUES spatiaidwork.

* 12.00 Peter Singleton and Sandy Elliott - TrialhaBEW.

e 12.15 Discussion — initial response from Gerald and user reps on progress to
date.

. 12.30 Lunch.

e 1.15 Gerald Rys to provide initial response ondioms for year 3 as he sees
them.

* 1.30 Ross Woods to outline the current ideas foarY: based on the original
project proposal, issues identified in Workshop& 2, project progress to date,
and any email discussion in July 2005.
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»  2.30 Any other issues

- How will the modelling framework be maintained/resd after end of 3-year
project?

- Are there any unresolved issues related to intersctvith IRAP?

* 4.00 Close of meeting and Coffee.

18.2.  Issues that arose during CLUES project workshop, 23uly, Hamilton

1. How to deliver information which is interestingdg.details of land use) but not
used directly by models?

- Provide extra GIS layers with CLUES installatiom@&is output is also in
this class).

2. Should we convert EnSus output (e.g., relative riskN leaching) into
quantitative N leaching for comparison with OVERFERSPASMO?

- No.
3.  Should we build a web site for CLUES? Why?

- No real support for heavy publicity effort - instiedets make a 2-page
leaflet.

4.  What happens to CLUES in Year 47 (current fundomgctudes at end of Yr 3).

- Seek EnviroLink funding in 2005/06 for some smabjpcts to familiarise a
few individual RCs with CLUES: start with HorizoRC?

- In 2006/07 propose a large EnviroLink project withltiple RC partners.
5.  Can users change the default values in OVERSRER

- Not presently. At the very least we need to expbseunderlying tables
that define the 5 OVERSEERscenarios.

6.  What are the CLUES assumptions/limitations?
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18.3.

- Need a document that defines limitations — will dnawaterial specific to
particular elements of the model.

7. How will CLUES change with time?

- We need to define a version number.

- Describe each release of CLUES as “current versibitfie truth.

8. How to generalise SPASMO for other climates?

- Use annual series of values (rainfall and N leaghiat each modelled
location to obtain information on sensitivity. FFégression equation to that
data, and make regression coefficients availab@14dES.

9. How to model sub-optimal mgmt? |s CLUES produciaeguits for BMP or for
actual practice?

- Use multipliers to reflect the differences.

10. Can CLUES produce seasonal outputs?

- Not yet, but it's a good idea. Expect to providgio@al guidance, but not
highly location-specific information

11. How do we account for effectiveness of proposedyation measures?

- By using multipliers that are available in the CLYterface.

12. Do we need to distinguish N yields of native vanpddion forest?

- No

Comments from Gerald Rys

1 Need for use of latest data ie farm monitorirgpres, stock number etc. could we
have a cross check of all data sources re timingsiBly need to be incorporated
into the model so it can be checked by users. (D&hankar, Simon)
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N

Need for provision to update key elements in té®esitive data ie annual changes
ie farm monitoring reports, biophysical data (Stembavid)

3 Perhaps leave ground water as to hard at thige sbat make provision for
incorporation into model at later stage (Sandy?)

4 Do phosphate as SPARROW already done and canmgs from OVERSEER.
This needs some thinking of how other elements iaperporated into the
framework and how displayed. Bit hard to do mapa tiave both nitrogen and
phosphate on the same map. (Sandy, Shankar)

5 Keep the ENSUS results and display separatelthes stage | am happy that we
have two ways of looking but perhaps put the ENSdS another tool /way at

looking at issues. (Shankar)

6 Need to look at front end so it is pretty, untlardable, and able to print of both
the maps and the associated data. (Shankar)

7 The background land-use/stock numbers needstiedbdown (David, Shankar)

8 Need to be clear about the form of nitrogen veelaoking at nitrate/total nitrogen
etc. (Sandy, Roger)

9 | am still not clear how OVERSEERinks to SPARROW etc. to give the outputs
on a spatial basis?? Covering all the MAF Farm Néwitig models -Enlighten
me!!l (Shankar)

10 Peter Singleton - What do you see as the gasrin your list of MUST have’s
from LIKE to haves. (Peter)

11 Happy with other decisions to use OVERSEBRd SPASMO N input results.
12 Need for Forestry Economics as a land use chéB8ason)

13 Have not covered uncertainty around the estenateeed to think about it but
perhaps not incorporate at this stage.

Summary

» Prettying up framework, expandable, new data amtuiti
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« Background non biophysical databases tight/bestladl@ ie land use, stock
numbers, farm monitoring reports.

» Finish Nitrogen, incorporate phosphate, eliminateigdwater.

« Put EnSus results in as a separate approach fogeit.
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19. Appendix 3: Contact details

Table 19-1:  Contact details for the people involved in the pctj
Name Organisation  Role Email Phone
Gerald Rys MAF (Wgtn) Client contact Gerald.Rys@maf.govt.nz 8?’1014 819
Ross Woods  NIWA (Chch) Project leader r.woods@niwa.co.nz 03 343 7803
Sandy Elliott ~ NIWA (Ham) SPARROW s.elliott@niwa.co.nz 07 859 1839
GIS, database, .
Ude Shankar  NIWA (Chch) modelling framework u.shankar@niwa.co.nz 03 343 7892
Clive
Howard- NIWA (Chch) NIWA Overview c.howard-williams@niwa.co.nz 03 348 8987
Williams
John Bright Aqualinc Groundwater j-bright@aqualinc.co.nz 03 325 3780
Vince Bidwell -n¢oIn Groundwater bidwellv@vl.co.nz 03-325-3704
Ventures T
. . Harris . Triple bottom line . . .
Simon Harris ~ Consulting . simon@ harrisconsulting.co.nz 03 379 6680
impacts
(Chch)
David AgResearch OVERSEER® .
Wheeler (Ham) modelling david.wheeler@agresearch.co.nz 07 856 2836
Liz AgResearch AgResearch overview liz.wedderburn@agresearch.co.nz 07 856 2836
Wedderburn  (Ham) ' o
Brent HortResearch . . 06 356 8080
Clothier (PINth) SPASMO modelling bclothier@hortresearch.co.nz extn 7733
HortResearch . 06 356 8080
Steve Green (PINth) SPASMO modelling sgreen@hortresearch.co.nz extn 7751
Landcare
Allan Hewitt Research EnSus risk modelling hewitta@landcare.cri.nz 03 325 6701
- extn 3840
(Lincoln)
Landcare
Robert Gibb Research Soil and land-use GibbR@LandcareResearch.co.nz 06 356 7154
(Palmerston mapping o
North)
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