—NIWA_—

Taihoro Nukurangi

Estimating the potential effect of land
use change on Waikato tributary floods
— TopNet model development

NIWA Client Report: CHC2009-155
October 2009

NIWA Project: EWR07502






—N-MVA_—

Taihoro Nukurangi

Estimating the potential effect of land use
change on Waikato tributary floods —
TopNet model development

Ross Woods
Jochen Schmidt
Daniel Collins

NIWA contact/Corresponding author

Ross Woods

Prepared for

Environment Waikato

NIWA Client Report: CHC2009-155
October 2009
NIWA Project:EWR07502

National Institute of Water & Atmospheric Reseakth
10 Kyle Street, Riccarton, Christchurch 8011

P O Box 8602, Christchurch 8440, New Zealand
Phone +64-3-348 8987, Fax +64-3-348 5548
WWW.niwa.co.nz

O All rights reserved. This publication may not bepnoduced or copied in any form without the
permission of the client. Such permission is tagiwen only in accordance with the terms of thentle
contract with NIWA. This copyright extends to adirfns of copying and any storage of material in any
kind of information retrieval system.






—NIWA __—

Taihoro Nukurangi

Contents

Executive Summary

1. Introduction 1
2. TopNet hydrological model 1
3. Data assembly 5
3.1. Spatial data 5
3.2.  Project land use change 5
3.3.  Observed variations in flood response 7
3.4. Flow data 8
3.5. Rainfall data 8
4. Model calibration 14
4.1. Strategy 14
4.2. Overview of TopNet parameter estimation 14
4.3. Assignment of parameters controlled by soil prapsrt 15
4.3.1. Macroporosity 16
4.3.2. Genetic soil group 18
4.4. Assignment of parameters controlled by land cover 0 2
4.5. Model calibration process 22
4.6. Model calibration results 24
5. Modelling change in land use on simulated floods 27
5.1.  Synthetic rainfall events 34
5.2.  Tributary flood simulations for the July 1998 syetils rainfall 40
5.3.  Tributary flood simulations for the February 195@thetic
rainfall 44
5.4. Influence of soil depth on simulation results 50
5.5. Local flooding 52
6. Conclusions 54
7. References 55
Reviewed by: Approved for release by:

Charles Pearson

Charles Pearson






Executive Summary

This report documents the development and appbicatf a hydrology simulation model for
tributaries of the middle Waikato catchment. Theppse of the model is to estimate the potential
effect of land use change on flood magnitude. ThpNet modelling system is used to simulate
hourly flow rates at several hundred locationsrdyutaries throughout the middle Waikato catchment,
that is, downstream of Lake Taupo and upstreanmakélKarapiro.

This modelling approach is one of two being undemaunder the leadership of a Technical Expert
Panel assembled by Environment Waikato. The pastiligly Specification has been approved by a
Project Control Group which provides guidance fa project. The work in this report contributes to
item 2 of the Study Specification “Build models éumore than one) that can predict how floods will
change with land use change on Upper Waikato aiirg”.

Data have been assembled for a wide range of catghproperties. These include mapped spatial
data such as catchment boundaries, river netwedis, and vegetation, as well as time-varying data
such as rainfall, other climate data and streamflow

A simulation modelling approach is used for thislgem, because direct inferences from measured
data are not practical (see separate report ondaver data). The areas that have been identiied a
likely candidates for conversion from forest to tpas lie mainly outside the network of gauged
catchments in the study area. Previous studiedbsdéreed floods from the gauged catchments have
shown that the flood response varies significanttyin the study area. From this it is reasonable t
expect the change in flood response after for@abval could also vary. Therefore, a key technical
challenge is to identify the previously unknown téas that control the measured place-to-place
variation in flood response. With that knowledg@renrobust projections can be made for the impacts
of land use change on floods than would otherwéspdssible.

The methodology used in this report is to develgmm@puter model that adequately simulates flood
response throughout the study area. This modelsed uo produce a control simulation, i.e.,
characterising present-day catchment responsecltides the current place-to-place variations in
rainfall, soils and vegetation. The model is thi#arad to represent the projected future changes fr
forest to pasture land use, and the model is rumnagvith all other factors (including climate)
unchanged. The modelling has been based on a cimvef about 56,000 ha of forested area. The
differences between the floods generated by themwdel runs are interpreted as representing the
effects of the projected vegetation change.

An adequate model calibration was achieved, sgikin balance between realism and minimal
distortion of parameter vales. Some catchmentp@ody simulated by the resulting model, and some
are reasonably well simulated. The purpose of tedahand the degree of extrapolation must be



borne in mind when assessing the acceptabilityhef ¢alibration. This remains a topic for the
Technical Expert Panel to assess.

Increases in tributary flood peaks of the orderl®@ were simulated in the more sensitive sub-
catchments, where conversion was extensive and thas a greater proportion of lower-permeability
soils, namely Whakamaru and Arapuni. These trilyeganle effects were damped when integrated
over the larger basin, as other catchments showearppreciable flow responses. Thus differences in
peak flows showed greater sensitivity to landsaadgeracteristics than to the magnitude of the storm.
Those flow changes that did occur were focusseepéage-wise on the rising limb of the flood
hydrograph. Total flood inflow volumes to the Tadgarapiro catchment were predicted to increase
by up to 3% as a consequence of land use changal-tcale flood peaks within the tributary
catchments were predicted to increase by up tod%nhall rain events, and by 5-100% for large rain
events.

This study does not draw any conclusions abouintipact of land use change on flood magnitude on
the main-stem of the Waikato River. This study amilglresses changes in tributary flows: the results
of this modelling study will be used as input tseparate flood routing study which will quantify
those changes.
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1. Introduction

This report documents the development and apmpicatf a hydrology simulation
model for tributaries of the middle Waikato catcimind he purpose of the model is to
estimate the potential effect of land use changdlasd magnitude. The TopNet
modelling system is used to simulate hourly flotesaat several hundred locations on
tributaries throughout the middle Waikato catchméhat is, downstream of Lake
Taupo and upstream of Lake Karapiro.

This modelling approach is one of two being undemaunder the leadership of a
Technical Expert Panel assembled by Environmentk&t@i The panel's Study

Specification has been approved by a Project Co@iraup which provides guidance
for the project. The work in this report contribsite item 2 of the Study Specification
“Build models (use more than one) that can predet floods will change with land

use change on Upper Waikato tributaries”.

A companion report (Jowett 2009) provides a reviefvsome aspects of the
performance of the two modelling approaches usettifutary catchments.

An estimate of the impacts of these potential lasel changes on flood magnitudes for
the mainstem of the Waikato River is outside thepscof this report, and is being
addressed separately in a companion project, tohathis report contributes.

2. TopNet hydrological model

TopNet is a catchment model designed for continsdnmsilation of catchment water
balance and river flow. It can provide flow predics at many locations in a
catchment, and is used for operational flood fatog (Bandaragoda et al. 2004,
Clark et al. 2008, Ibbitt et al. 2001), as well s water resource modelling
(Henderson et al. 2007). The same modelling sysmalso be used to simulate the
potential effects of changes in vegetation andatin{Woods et al. 2008).

The model inputs are rainfall and temperature tgeges (e.g. at hourly timesteps,
with rain from one or more locations), and mapslgfvation, vegetation type, soil
type and rainfall patterns). These map data ard wéh tables of model parameters
for each soil and vegetation type, to producedh#stimates of the model parameters
(more details are given below). The developmenimofiel parameter files is done
using TauDEM, a suite of computer software develdpg Professor David Tarboton
at Utah State University, in collaboration with NAN
(http://moose.cee.usu.edu/taudem/taudem)htniTopNet has been used with rain
input from raingauges, weather radar, and atmogpherdels. The TauDEM software

Estimating the potential effect of land use chamgé&Vaikato tributary floods — TopNet model develgpn 1
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automatically identifies sub-watersheds and rivemvorks from digital elevation data,
and automatically generates the TopNet model paearfike.

TopNet models a catchment as a collection of sub-teasheds, linked by a branched river

Figure 1:

network (

Figure 1). Flow is routed through the river netwoking kinematic waves using the
shock-fitting technique of Goring (1994). We assuthe channel is hydraulically
wide, and that the water level degths a good approximation for the area of the
channel. The discharge per unit channel widthjs given by Manning's stage-
discharge relationship.

Schematic of TopNet model: Each letter idicates a sub-catchment, and the
symbols Q1 — Q4 indicate the location of flow recaling sites.

Each sub-watershed is modelled (Figure 2) usin@daptation of Topmodel (after
Beven and Kirkby, 1979). Precipitation on each waltershed is modelled as either
rain or snow, depending on the air temperaturew3a@dded to a snowpack for each
sub-watershed, and is later melted when air terfyreras warm enough (degree-day
method). Each sub-watershed has 4 stores: the stoogy a plant canopy store, a root-
zone store and a saturated zone store. The snopocamt of the model was not used
in this study.

Modelled streamflow is generated in 3 ways:

» rain falls on a location where soil water storageats its capacity (partial
area or 'Dunne runoff', indicated by SATXS)

* rain rate exceeds infiltration rate (‘Hortonianafih indicated by INFXS)

e saturated zone discharge into stream (both sulesuréorm runoff and
baseflow, indicated by SSF)

Estimating the potential effect of land use chamgé&Vaikato tributary floods — TopNet model develgpn 2
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Figure 2:

Overview of TopNet model structure, showig the snowpack, canopy, root zone,
saturated zone and river network components of thenodel. Arrows indicate
flows of water from one model component to anothefThe abbreviations INFXS,
SATXS and SSF (and associated colour-coding) areagslater in the report.

TopNet assumes that available soil water storageveay within a sub-watershed
because of topographic effects - valley bottoms flaidplaces are wetter than ridges.
TopNet uses a topographic index to measure theepsity for soil wetness at each
location in a sub-watershed. This index is derif@deach point from an analysis of a
digital elevation model of the catchment. The dctrmount of soil water storage
depends on the level of storage in the (lumped)rated zone (which varies with
time) as well as the topographic index. The modelschot explicitly route water from
pixel to pixel within a sub-basin. The sub-basindeloassumes that vegetation and
soil characteristics are uniform within a sub-ba8iarameters for the canopy, soil and
geometric characteristics of sub-basins are sagusiS data for elevation, vegetation
and soil type, along with lookup tables which agsecparameter values with soil,
vegetation etc. Table 1 and Table 2 provide dliftlbf model parameters and the data
sources used to estimate them.

Estimating the potential effect of land use chamgé&Vaikato tributary floods — TopNet model develgpn 3
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Table 1: Parameters of the basin model component GiopNet.
Symbol
Parameter [Unit] Description Data source
*Albedo a EW land cover map for
2001/02
Atmospheric lapse rate L [K m'l] Uniform
Wetness index (frequency Wi REC!
distribution)
Stream distance (frequency di REC!
distribution)
Saturated store sensitivity f [m’l] Describes exponential decrease  Correlated with
of conductivity with depth macroporosity
*Saturated hydraulic conductivity Ko [m s'l] Controls infiltration at surface EW experiments,
at ground surface mapped by vegetation
type
Saturated hydraulic conductivity Ks [m s'l] Controls subsurface Correlated with
within subsurface redistribution of water, vertically =~ macroporosity
and laterally
Drainable soil water 6, Range between saturation and LRI?
field capacity
Plant available soil water 6, Range between field capacity LRI?
and wilting point
Depth of soil D [m] LRI?
Exponent in drainage function C Describes drainage into Uniform
saturated zone
Wetting front suction Wr [m] Parameter of Green-Ampt Uniform
Infiltration capacity
Overland flow velocity V [m s'l] Uniform
*Canopy capacity CC [m] EW land cover map for
2001/02
*Evaporation enhancement CR Increasing evaporation losses EW land cover map for

by interception from taller
vegetation

2001/02

* - affected by land use change

1. The REC is the New Zealand River Environment Classification (Snelder and Biggs 2002),
which has spatial information about the river network and the catchments of New Zealand’s
rivers. The REC includes a digital network of approximately 600,000 river reaches and
related sub-basins for New Zealand. Topographic reach and catchment properties in the

REC were derived from a 30 metre digital elevation model (DEM).

2. The LRI is the New Zealand Land Resource Inventory (Newsome et al. 2000), which
includes the Fundamental Soils Legend (FSL) data on soil properties for all of New Zealand

3. The LCDB is the New Zealand land cover database, which includes land cover, soil, and
geological properties for all of New Zealand

Estimating the potential effect of land use chamgé&Vaikato tributary floods — TopNet model develgpn
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Table 2: Parameters of the network model componeradf TopNet.
Model parameter Symbol Description Data source
[unit]

Network topology REC

Reach length L [m] REC

Reach slope S REC
Upstream area A [m2] Total upstream area above stream reach REC

Reach Manning’s n N Uniform
Hydraulic geometry parameters a,b Relationship between drainage area and Uniform

channel width W=aA®

3. Data assembly

3.1

3.2.

Spatial data

Under previously FRST-funded projects, NIWA haskdid together national spatial
data layers for river networks, sub-catchment baued, flow recorder locations,
vegetation cover (from LCDB, New Zealand Land Cowatabase), soils (from
NZLRI, New Zealand Land Resource Inventory, (Newsort al. 2000)) and
topography into a very large single spatial datalsastable for TopNet modelling for
all of New Zealand. From this national datasettiapdata for a TopNet model of a
particular catchment can be extracted and corréatiyatted, by specifying the river
reach identifier of the New Zealand River Enviromin€lassification (REC, Snelder
& Biggs 2002) at the most downstream point of ieser The model developer must
also specify the desired spatial resolution ofgtneam network, that is, order 1, order
2, order 3 etc. An order 1 stream network in theCR¥pically has sub-catchments of
0.7 knf, and each larger order has catchments which anet &wr times as big.

The outlines of the Topnet catchments used fordthidy are shown in Figure 3, along
with land cover for the catchment between Taupoka@piro, and the river network.

Project land use change

Forested areas totalling 567 kim and near the middle Waikato have been idedtifie
by Environment Waikato as likely to be convertednir forestry to intensive
agriculture in the next 15 to 20 years. These ameashown in red in Figure 4, along
with the tributary catchments which have a longdlaecord. The majority of the
projected land use change would take place outhiglenonitored catchments which
provide our best understanding of middle Waikabodl hydrology e.g. Jowett (1999).
There are some small areas on the northern boumddahe Pokaiwhenua catchment
which lie outside the Waikato catchment: the eHeot that conversion are not
modelled in this report.

Estimating the potential effect of land use chamgé&Vaikato tributary floods — TopNet model develgpn 5
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TopNet model (order 3) of the middle Wailato, with 2001-02 land cover (source:

Environment Waikato) and river network also shown.

Figure 3:
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Figure 4: Areas of the middle Waikato identified by Environment Waikato as likely to
change from forest to intensive agriculture in thenext 15 to 20 years (in red). The
majority of the land use change areas are outsidén¢ well-monitored tributary
catchments. Tributary catchments with long term flaod monitoring are shown
with blue outlines.

3.3.  Observed variations in flood response

The flood response to a given amount of rainfaliesa significantly amongst the
monitored tributary catchments. The observed catchmesponse has previously been
summarised in two ways by Jowett (1999), as runatibs for floods (event runoff
divided by event rainfall), and as the divisor value in design runoff formulae
RunofftRainfalf/b. Lower values ob correspond to more responsive catchments. In
Table 3 runoff ratios and values are shown for five large tributary catchteemith
long flood records (also shown in Figure 4), aneehother tributaries. The five large
catchments range from the very damped responsetheofPokaiwhenua to the
relatively flashy hydrographs at Waipapa River. Tifeerences between a 5% runoff
ratio and a 20% runoff ratio are very significantdetermining the total tributary
inflow to the middle Waikato. However, a quantiati understanding of the
underlying causes is not available. For previoushraent runoff studies (Jowett
1999, MWD 1972), engineering judgement was usedettide how to estimate the
runoff responses of the unmonitored tributaries, asgociating them with similar

Estimating the potential effect of land use chamgé&Vaikato tributary floods — TopNet model develgpn 7
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monitored catchments, assigned on the basis of imityx slope, drainage
characteristics and land use. Data are also giv@able 3 for 3 additional catchments
which are smaller or have shorter flood records

Table 3: Runoff response (divisoib as revised by Henderson and Thompson (2000), ruriof
ratios from Jowett (1999)).

Catchment Divisor, b Maximum % runoff Mean % runoff
Pokaiwhenua Stream at Puketurua 34.75 8.5 2.2
Waiotapu Stream at Reporoa 24.7 19.2 5.3
Tahunaatara Stream at Ohakuri Rd 15.6 26.4 9.4
Mangakino Stream at Dillon Rd 7.7 29.7 12
Waipapa River at Ngaroma Rd 5.8 47 23.9
Waipapa Stream at Mulberry Rd 120.2 29 1.1
Pokaiwhenua at Forest Products 95 N/A N/A
Mangahanene Stream at SH1 6.97 47.2 225

Since these runoff responses differ so markediywéen catchments and the majority
of the land use change is projected to take platesi unmonitored catchments, one of
the most important steps in the prediction will Heciding how to represent
unmonitored catchments.

3.4. Flow data

Time series data for river flows were included as ¢urly data from the stations listed in

Table 4, and mapped in Figure 5.

3.5. Rainfall data

Time series data for rainfall used in this studg an amalgam of daily rainfall data
(Tait et al. 2006) from the Climate Database, piéated onto a 5km grid, and all
available hourly rainfall data from stations, asgdd in Table 5 and mapped in Figure
6. The total rainfall for each day on each TopN#dt-satchment is found by selecting
the grid point nearest the sub-catchment centrfohn the interpolated surface of
daily raingauge totals. The TopNet model was usitd kourly timesteps. The daily
rainfall for each sub-catchment (as estimated adbowas disaggregated into 24 one-

Estimating the potential effect of land use chamgé&Vaikato tributary floods — TopNet model develgpn 8
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hour totals, using a temporal pattern for that wijch is determined by interpolating

temporal patterns from all available hourly gauges.

Table 4: Flow recording sites used for simulation radelling
Site Catchment Start of End of Years of
Site name number Area (kmz) record record record
area

Pokaiwhenua at Puketurua 1043419 448 1-Oct-1963 1-Jan-2007 43
Waiotapu at Reporoa 43472 228 24-Feb-1960 1-Jan-2007 47
Tahunaatara at Ohakuri Rd 1043428 210 16-Apr-1964 1-Jan-2007 43
Mangakino at Dillon Rd 1043427 337 16-Apr-1964 1-Jan-2007 43
Waipapa at Ngaroma Rd 43435 137 10-Apr-1964 1-Jan-2007 43
Waipapa at Mulberry Rd 2043441 85.4 7-May-1986 8-Sep-1995 9
Pokaiwhenua at Forest Products Weir 43411 62.1 1-Jan-1960 8-Nov-1999 40
Mangahanene at SH1 1443462 8.75 28-Sep-1972 1-Jan-2007 34
Mokauteure at Forest Rd 2043446 38 10-Jul-1986 1-Aug-1991 5
Pokaiwhenua at Wiltsdown Rd 1843461 19.3 16-May-1988 6-Apr-1993 5
Waiotapu at Campbell Rd 2043493 47.6 10-Dec-1986 11-Jul-2001 15
Orakonui at Ngatamariki 2043497 73.5 28-Sep-1987 3-Mar-1992 4
Otamakokore at Hossack Rd 2143401 40.1 9-Dec-1986 1-Jan-2007 20
Mangatete at Te Weta Rd 2143404 30.6 10-Dec-1986  13-Dec-1994 8
Otumaheke at Spa Hotel 2143412 9.1 10-Dec-1986  30-Jan-2003 16
Mangakara at Hirsts 1043434 22 25-Jun-1969 24-Jan-1994 25
Otutira at Otutaru 1043476 0.045 15-Aug-1966  29-Aug-1980 14
Little Waipa at Puketurua 1043494 94 22-0Oct-1965 1-Apr-1969 3
Purukohukohu at Weir 1143407 1.69 9-Mar-1970 2-May-1984 14
Purukohukohu at Puruorakau 1143408 0.372 19-Dec-1968 19-Jan-1987 18
Purukohukohu at Puruki 1143409 0.344 23-Dec-1968 1-Jan-2007 38
Purukohukohu at Purutaka 1143442 0.225 27-Dec-1968 1-Jan-2007 38
Waikato at Reids Farm 1143444 3305 23-Sep-1969 1-Jan-2007 37
Purukohukohu at Puruki-Rua 1443423 0.087 22-Feb-1971 10-Jan-1995 24
Purukohukohu at Puruki-Toru 1443424 0.138 5-Feb-1971 10-Jan-1995 24
Puruwai at Gorge 1443433 0.278 19-May-1972 7-Oct-1994 22
Purukohukohu at Puruki-Tahi 1443463 0.059 12-Dec-1972  10-Jan-1995 22
Te Waro at Puruhou 1543487 0.35 20-Dec-1979  19-Jan-1987 7
Purukohukohu at Purutakaiti 2043418 0.113 19-Dec-1985  14-Feb-1992 6

* Flow data up to the start of 2007 were assembled for use in the modelling study, but

measurements continue after this date at some sites.

Estimating the potential effect of land use chamgé&Vaikato tributary floods — TopNet model develgpn
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Figure 5: Locations of flow gauges used in the Tdfet model. Labels are site numbers.
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Table 5: Hourly rainfall stations
Site Years of
River Site name number Start date End date * Record
Waipapa Goodalls Road 757901 8-Oct-1991 20-Sep-2007 16
Te Puna Stm Stannett 766002 25-Sep-1990 17-Aug-2007 17
Waimapu McCarrolls Farm 767101 30-Mar-2006 3-Aug-2007 1
Kopurereroa Williams Rd 768102 11-Sep-1990 26-Jul-1992 2
Kaituna Te Matai 768301 26-Jul-1989 25-Jun-2007 18
Mangorewa Mangorewa 768310 1-Sep-1985 31-Aug-2007 22
Pongakawa Pongakawa 769402 26-Jun-1996 2-Oct-2007 11
Ohinekoao Harris Saddle 769705 4-Oct-2001 2-Oct-2007 6
Mangorewa Kaharoa Link 860205 2-Sep-1985 30-Aug-2007 22
Mangorewa Kaharoa 860206 1-Sep-1985 1-Jan-2000 14
Lake Rotoiti Okawa Bay 860305 2-Feb-1980 5-Sep-2007 28
Kaituna Whakawerawera 861204 1-Jan-1960 28-Aug-2007 48
Roto-A-Tamaheke Path 861221 24-May-1984 8-Sep-1992 8
Torepatutahi East Rd 123456 2-May-2000 22-Oct-2002 2
Tamihana Matamata Aerodrome 757710 1-Aug-2005 1-Aug-2007 2
Waihou Kaimai Summit 758910 20-Oct-1981 2-Oct-1989 8
Rapurapu Kinlochs Farm 759914 3-Aug-1988 13-Nov-1992 4
Rapurapu Kaimai 759916 13-Nov-1992 1-Aug-2007 15
Purere Whites Rd 850810 2-Feb-1986 1-Jun-1991 5
Kuhatahi Kuhatabhi 850910 18-Jun-1976 30-Sep-1996 20
Kuhatahi Feierabands Weir 850913 11-Jul-1988 4-Sep-1989 1
Oraka Pinedale 851812 6-Jul-1988 24-Jan-1990 2
Waipa Otewa 853410 31-May-1981 1-Aug-2007 26
Puniu Ngaroma 853510 21-Jun-1982 1-Aug-2007 25
Mangaokewa Wharekiri Stn 855510 30-Jun-1989 1-Aug-2007 18
Waihaha Forest Boundary 857710 31-May-1976 21-Sep-1988 12
Waihaha Farmhouse 857711 21-Sep-1988 25-Apr-1995 7
Waipari Asteroid Rd 860011 12-Aug-1981 30-Aug-1982 1
Oraka Muir Rd 861012 29-Jun-1979 5-Sep-1989 10
Mohaka Te Haroto 961610 16-Dec-1998 20-Sep-2007 9
Ngaruroro Otutu Bush 962211 2-Mar-1989 19-Sep-2007 19
Esk Te Pohue No.2 962610 19-Dec-1994 20-Sep-2007 13
Esk Te Pohue 962711 2-May-1985 8-Nov-1995 11
Esk Maunganui 962712 16-Apr-1996 18-Sep-2007 11
Ngahere Ngahere Telemetry 963416 7-Dec-1988 7-Aug-2007 19
Mangatutu Waihau 963512 20-Dec-1984 22-Aug-2007 23
Esk Glengarry 963712 26-Feb-1999 20-Sep-2007 9
Whanganui Te Porere 950511 22-Sep-1962 13-Apr-2004 42
Mangatoetoenui Tukino 953702 19-Dec-1991 10-Dec-2003 12
Uptha Ck Science Centre 758312 1-Oct-1980 14-Apr-1982 2
Waitakarurutrib Scotsmans Valley 758510 13-Aug-1980 16-Feb-1987 7
Mangahanene Kentucky Farm 759610 18-Sep-1975 5-Aug-1991 16
Pokaiwhenua New North Rd 862010 29-May-1963 14-Jan-1994 31
Mohaka Tarawera 960510 12-Aug-1985 5-Jan-1994 8
Mohaka Te Haroto 961510 31-Mar-1982 10-Oct-1985 4
Ngahere Ngahere Hut 963410 5-Jan-1973 3-Oct-2007 35
Ngahere Clearing 963411 22-May-1977 15-Oct-1980 3
Ngahere Ngahere 963412 26-Aug-1969 16-Jun-1974 5
Esk Esk Forest 963710 13-Jun-1973 26-Jan-1976 3
Waikato Ruakura 757336 2-Jul-2001 16-Oct-2007 6
Mangakara Maungatautari 850636 15-Jun-2001 17-Oct-2007 6
Pokaiwhenua Puketurua 851736 16-Sep-1991 6-Nov-2007 16
Estimating the potential effect of land use chamgé&Vaikato tributary floods — TopNet model develgpn 11
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Site Years of
River Site name number Start date End date * Record
Pokaiwhenua Pumping Station 852912 29-May-2001 11-Oct-2007 6
Waipapa Ngaroma Rd 853736 13-Sep-1991 6-Nov-2007 16
Mangakino Dillon Rd 854736 1-Jan-1991 6-Nov-2007 17
Waipapa Forest Rd 855912 1-Apr-1998 1-Jun-1999 1
Mokai 1 Forest Rd 855913 1-Apr-1998 1-Jun-1999 1
Waipapa Paerata Rd 855936 6-Aug-2001 11-Oct-2007 6
Tutaeuaua Bird Br 856701 13-Oct-2004 10-Oct-2007 3
Tutaeuaua Wetland 856702 14-Oct-2004 23-Oct-2007 3
Mangakino Kakaho Rd 856736 20-Jun-2001 11-Oct-2007 6
Otutira No 5 856810 5-Jan-1971 31-Dec-1975 5
Otutira Otumaroke 856862 24-May-1972 4-Aug-1980 8
Otaketake Otake Rd 856910 15-Sep-1973 3-Jun-1980 7
Whareroa Managers House 858710 26-May-1976 24-Jan-1980 4
Kaituna Dodds 860116 10-Nov-1975 24-Apr-1978 2
Kaituna Te Reinga 861114 17-Nov-1975 3-Apr-1978 2
Kaituna 8 Mile 861218 6-Nov-1975 4-Apr-1978 2
Kaituna Carrs 861313 4-Nov-1975 18-Jan-1978 2
Te Ngae Drain PRD 861315 15-Dec-1981 6-Aug-1986 5
Pomare Pukehangi Rd 862212 19-Dec-1981 18-Sep-1986 5
Tahunaatara Ohakuri Rd 863136 13-Sep-1991 6-Nov-2007 16
Purukohukohu P4 864201 4-May-1969 23-Oct-2007 38
Mangakara M1 864210 3-Aug-1964 5-Jan-1994 29
Waiotapu Reporoa 864336 13-Sep-1991 6-Nov-2007 16
Whirinaki Galatea 865736 13-Sep-1991 5-Nov-2007 16
Waikato Wairakei 866101 1-Jan-1986 1-Jul-1988 2
Waikato Reids Farm 867136 16-Sep-1991 6-Nov-2007 16
Rangitaiki Kokomoka 868410 8-Aug-1977 4-Apr-1979 2
Waitahanui Collins Farm 869210 9-Mar-1976 1-Jun-1979 3
Kuratau Space Station 858701 1-Jan-1994 1-Oct-2007 14
Whanganui Piriaka 859304 11-Dec-2001 1-Oct-2007 6
Waimarino Kepa Rd 859804 20-Jan-1994 1-Oct-2007 14
Whanganui Te Porere Redoubt 950512 30-Jun-2004 1-Oct-2007 3
Poutu Poutu Dam 950701 14-Nov-2001 1-Jan-2004 2
Rotoaira 950702 25-May-2004 1-Oct-2007 3
Tongariro Rangipo Dam 950808 15-Nov-2001 15-Jan-2004 2
Whanganui Okupata 951511 1-Nov-1966 1-Feb-1990 23
Whakapapanui Whakapapanui 951514 15-Nov-2001 1-Oct-2007 6
Tongariro Ruatahuna 951903 5-Jul-2001 1-Oct-2007 6
Tongariro Mangatoetoe 952710 14-Dec-1987 1-Oct-2007 20
Tongariro Karikaringa 952801 5-Jul-2001 8-Jan-2007 6
Tongariro Karikaringa No 2 952802 18-Jul-2006 1-Oct-2007 1
Mangatoetoenui Tukino 953703 4-Dec-2001 1-Oct-2007 6
Moawhango Moawhango Lake 954703 15-Nov-2001 1-Oct-2007 6
Tauranga-Taupo Kiko Rd 960010 26-Jul-2001 1-Oct-2007 6
Makotuku F Trig 953510 14-Nov-1968 25-Oct-2007 39
Makotuku Gauging Site 953511 22-Apr-1994 12-Oct-2006 12
Mangaio Mangaio Central 953711 24-Jun-1971 14-Jan-1976 5
Mangaio Burma Rd 953712 1-Nov-1967 11-Sep-1979 12
Waitangi Gravel Pit 954611 1-Sep-1967 12-Jan-1994 26
Mangaio Gauging Site 954712 2-Mar-1973 7-Jan-1976 3

after the end date at some sites.

* Hourly rainfall data up to 2007 was assembled for use in the modelling study, but measurements continue
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12



—NIVA_—

Taihoro Nukurangi

758102
759916
599: 768301768310
59610 769402
5 850810850910g5097 3
860205
u | 860206
851736 860011
851812 ] 860116 860305
861313
861012
862212
ge1114 M B8861315
1221
861204 861218
852912 g65010 [ |
863136
864201
855510 B 864210/864336
| I
123456
340 o
856862
e 6702
857710857711 =
858710 868410
N [ |
85870 )
869210°
859504
960010
950512 |
950; 960510
950702 [ |
| 7l!_‘¥l
951903
951514 961510
961610
_ 952801952802 L
fr10 0 5 10 20 30 40
2 950808
953702058705 o ™ Kilometers
0962211 63710
[ | 963412963416 952518#
953510 084712 11
963410963411
95!15&1953712 L]

Figure 6:

Locations of hourly raingauges correspoding to Table 5. Labels are site
numbers.
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4. Model calibration

4.1.

4.2.

Strategy

The calibration process is complex because thectibgs for modelling are multi-
faceted. It is desirable to produce model simutegtiohich:

1. Are a reasonable facsimile of historical floogtographs at both the local
scale (i.e. ~10 k@) and the scale at which tributaries discharge ihi®
Waikato (i.e., up to 1000 Kin

2. Use model runoff generation mechanisms whichcaresistent with small-
scale field experiments

3. Reproduce observed significant differences modl hydrology between
pasture and forest land cover (these observatienfoa catchments less than

1 kn¥)

A two-step strategy was attempted to overcome dhgel range of spatial scales. A
high-resolution simulation model of the Mangakaratchment, containing the
Purukohukohu catchment, was built first (area showhigure 3). The intention was
to verify that the model could reproduce both thesevvations at scales of a few
hectares at Purukohukohu, and the Mangakara tributa

This model proved too difficult to calibrate, givéime constraints on which runoff
generation mechanisms were known to take placesédwf parameters was found
which matched the known field data, and also preduthe observed flood
hydrographs at the various flow measurement siiginthe Mangakara catchment.
This is perhaps a disappointing result, but reflélce current stage of development of
catchment models. Some calibration directly to bgdaphs, without full regard for
the experimental data which is generally at a diffié spatial scale, remains an
essential element of practical spatially distrildusemulation modelling in hydrology.
With the failure of the original two-step stratediyge model is now only calibrated at
the scale of the tributary sub-catchments (Pokaiwhe Stream at Puketurua,
Waiotapu Stream at Reporoa, Tahunaatara Strearhaku® Rd, Mangakino Stream
at Dillon Rd, Waipapa River at Ngaroma Rd).

Overview of TopNet parameter estimation

The parameters of the TopNet model are listed ilerd and Table 2. Some of these
parameters are important in describing soil watercgsses, but are difficult to
estimate from soils data — their estimation is dbed in sectiorError! Reference
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source not found. Other parameters are directly related to landchsage, and so are
important in the context of this study — methodsetimate these parameters are
described in sectioBrror! Reference source not found.

4.3.  Assignment of parameters controlled by soil propeies

Table 3 shows that catchment response to rainfalles significantly within the
middle Waikato. This variation is understood tocbeatrolled by soil properties which
are quantified through TopNet model parameters tleguire calibration. This
calibration step can lead to arbitrary outcomest(tls, model parameters which
provide good reproduction of current flows, but a useful for future land use
change scenarios) if the modeller does not apphgtecaints to the calibration process.
The model can be constrained by setting physicatigonable parameter values, and
by considering whether the runoff generation merdmas it uses are reasonable. In
this case, the key constraint was based on a revighe possible dominant reasons
behind the patterns of runoff response demonstriatéithble 3 (but including other
flow recording sites in the catchment where simif#formation is available). The
factors which affect responsiveness to rainfalthis region are complex and only
partially understood. Given the small number othatents, relative to the number of
potential explanatory factors, it was not considefeasible to find more than one
dominant controlling factor, nor to use a multiedei statistical approach, because the
risk of finding coincidental correlations would tm® high.

A search of a wide range of plausible factors regeahat two soil properties

(macroporosity and rooting depth) in the Fundame8tils Legend (developed by
Landcare Research) show adequate and physicalipmable correlation with runoff

response, though the explanation is incompleteerAfiscussion with members of the
Technical Expert Panel (suggestion by lan Jowettctmsider soil types in

Mangahanene Stream and Waipapa Stream), a furdhlecharacteristic (fraction of

catchment with yellow-brown pumice (YBP) or pod#ZBDD) soils) was identified as
potentially useful.

These soils data are summarised in Table 6 forgtheged catchments referred to
previously. The macroporosity values shown here #rese mapped in the
Fundamental Soils Legend of the Land Resourcestowg for the top 0.6m of soll
(known as MPOR_S_MID); macroporosity data for dedgeels in this region are not
in the soils database. The soil depths reportesieabre the midpoint of the Potential
Rooting Depth (PRD_MID) field. The macroporositylues reported here are at
variance with those shown in a recent draft reportflood frequency (Mulholland
2007, draft), e.g. the value for Waipapa River gatdma Rd is given by Mulholland
as 15.05, compared with 12.2 in Table 6).
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Table 6: Mapped soil characteristics showing somesaociation with runoff response.
Fraction of
Fraction of Catchment
Catchment with Mean with Fraction of
Mean mapped Soil mapped Catchment
Macroporosity macroporosity Depth soils >1.2m  with YBP or
Catchment (%) >0.20 (m) deep POD soils
Pokaiwhenua Stream at 15.8 0.52 1.31 0.89 0.94
Puketurua
Waiotapu Stream at 12.8 0.24 0.93 0.45 0.85
Reporoa
Tahunaatara Stream at 13.3 0.41 1.20 0.64 0.66
Ohakuri Rd
Mangakino Stream at 11.9 0.03 1.22 0.81 0.50
Dillon Rd
Waipapa River at 12.2 0.09 1.20 0.76 0.77
Ngaroma Rd
Waipapa Stream at 114 0.00 1.22 0.79 0.46
Mulberry Rd
Pokaiwhenua at Forest 14.3 0.50 1.21 0.66 0.88
Products
Mangahanene Stream at 20.0 1.00 1.20 0.52 0.00

SH1

4.3.1. Macroporosity

The correlation (or lack thereof) between macropityo and (lack of) flood
responsiveness (divisob) is shown in Figure 7. The ellipse added to tlguri
selectively focuses attention on a positive coti@abetween the divisdb and the
fraction of the catchment area with high macropityd®POR_S CLASS=1). Higher
values ofb indicate less responsive catchments. The use @rea fraction, rather
than the mean value, allows for the possibilityt ihas the presence or absence of
extreme values of macroporosity which influencedrbiogical responsiveness. As
noted by the Technical Expert Panel, one could plstfy a negative correlation
between macroporosity and flood responsivenesadigad selectively focussing on a
different subset of catchments in the same figure.

The more damped responses (e.g., Pokaiwhenuajdewine from catchments with a
prevalence of high macroporosity in the top 0.6frthe soil (the variable MPOR_S of
Newsome et al (2000)). Macroporosity measures thegnce of large pore spaces in
the soil. These larger spaces can store and tramsater more water per unit volume
of soil than smaller pores. The proposed ratiof@tethis association is that where
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high macroporosity is more prevalent, more water loa stored in the soil for a given
rainfall, and thus less runoff would be produced.

1000
Waipapa
Stream at whenta
Mulberry Rd
’ rest
100 Products
= aiw henua
E Stream at
2 Puketurua
a
10 Tahunaatara
Mangakino Stream at ‘
Stream at Ohakuri Rd Mangahanene

) Stream at SH1
Dillon Rd | at Ngaroma Rd

1 ‘ ‘ ‘ ‘
0.00 0.20 0.40 0.60 0.80 1.00

Fraction of Catchment with High Macroporosity
(MPOR_S Class~=1)

Association of Jowett’s divisor b (useés a measure of catchment responsiveness)
with values of macroporosity. High values of b indiate less responsive
catchments. See text for discussion of outliers.

The damped responses also tend to come from cabthwith deeper soils, but the
range in soils depths is low, indicating that peshthe steeper parts of the catchment
are unsampled. A catchment with deeper soil wosldlie to store more water from a
given rain event, and thus would be expected tdywe less subsurface storm runoff
for a given rain event. In a deeper soil, the Ih®bd of shallow water tables
intersecting the ground surface is lower, and tbue might expect a smaller
proportion of saturated areas in such catchmentsthas less saturation excess runoff.

At this stage the choice of which soil variablefawour remains arbitrary, since the
spatial patterns of the two are similar, either ao@ild provide similar information to
guide calibration. Two catchments which do not I@digpthis correlation are
Mangahanene at SH1 and Waipapa Stream at Mulbeyag .RBoth were treated by
Jowett (1999) as special cases, so it is not simgrithat they also feature here.
Mangahanene at SH1 is more responsive than thedatih suggest, and according to
Jowett (1999) this responsiveness is due to siepps Waipapa Stream at Mulberry
Road (as opposed to Waipapa River) is less resgotisan soils data would suggest,
and Jowett (1999) ascribes this to a variety ofdfacincluding low slope, poorly
defined drainage network, and potentially deepds gthough not according to the
soils database).
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By November 2008, this association between macogityrand flood responsiveness
was NOT in use, but the discussion above is tempratained as a record of prior
investigations.

4.3.2. Genetic soil group

Analysis of the genetic soil group field of the Bamental Soils Legend of the Land
Resource Inventory (Newsome et al. 2000) indicdtas 94% of the middle Waikato
(Taupo to Karapiro) is either YBP (yellow-brown pigm soil, 70%), YBL (yellow-
brown loam, 20%) or POD (podzol 4%). No other claBsNZGSOIGRP comprises
more than 1.5% of the middle Waikato. The podzdksare a small fraction of the
study region, but comprise 26% of one of the lagparged catchments, Mangakino
Stream at Dillon Rd. The fraction of each of thewabgauged catchments which is in
YBP or POD is also given in Table 6.

A comparative analysis of the mapped water holdimgracteristics of YBP, YBL and
POD is given in Table 7. The YBP and POD soils regaly have slightly higher
average values of three soil properties: Profileaifable Water (PAW), Profile
Readily Available Water (PRAW), and Macroporositythe upper 0.6m, relative to
the YBL soils. Care should be taken in interpretimgse data because it is not certain
that the underlying data are representative ofegen (in particular it is possible that
hill soils were under-sampled). In the absenceanffaunding factors, the YBL and
POD soils which are able to store more water mightexpected to have a more
damped response to a rainfall event of a given sinee storm rainfall can be stored
instead of being transmitted as subsurface stomwnflo addition, the soils with more
storage capacity might be expected to have deeptsrwables (again assuming no
confounding factors). In places where the runofiegating mechanism is rain falling
on saturated soil (saturation excess runoff), theel water tables would suggest
smaller saturated areas, and thus smaller areasbeimg this kind of rapid runoff.
However, the relative significance of saturatiorcess runoff in the catchment is
unknown.

The fraction of the catchment in YBP/POD soils isnare reliable predictor of
hydrological responsiveness than any of these thremtitative measures, for the
admittedly small sample of catchments availablem@are, for example, Figure 8,
which relates the prevalence of YBP and POD soildowett’s divisor b, with Figure
7, which relates the prevalence of high macroptyails to b. Catchments in this
dataset with a large proportion of the YBP/PODssaik generally less responsive.

These results provide some corroboration to theralimterpretation of Table 7 that
YBP and POD soils are less responsive to stornfial@in
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Table 7: Water holding characteristics of three sib groups (average values over the
middle Waikato catchment). Detailed definitions ofthe four water hjolding
characteristics (PRD, PAW, PRAW and MPOR_S) are gign in Newsome et al.
(2000).

Profile Readily Macroporosity in
Potential Rooting Profile Available Available Water, upper 0.6m,
NZGSOIGRP Depth, PRD (m) Water, PAW (mm) PRAW (mm) MPOR_S (%)
YBP 1.2 201 84 13
YBL 1.2 192 71 11
POD 1.3 259 87 17
1000
Waipapa Pokaiwhenua
Stream at at Forest
Mulberry Rd Products
100 A Waiotapu
o}
- Tahunaatara Streamat
& Stream at Reporoz o Qk R
. oKalwnenua|
'S M angahanene Ohakuri Rd 3 Stream at
10 { Stream at SHlMangakino‘ Puketurua
Stream at Maipapa
Dillon Rd River at
Ngaroma Rd
1 ‘ ‘ ‘ ‘
0.00 020 040 060  0.80 1.00
Fraction of Catchment with YBP or POD soils
Figure 8: Association of Jowett’s divisor b (use@s a measure of catchment responsiveness)

with fraction of catchment containing YBP or POD sds. High values of b
indicate less responsive catchments. See text fascussion of outlier.

None of this explains the unresponsive hydrologydipapa Stream at Mulberry
Road, for which only the rationalisation of Jowittavailable (low slope, poorly
defined drainage network, and potentially deep#s)siNote that the Waipapa Stream
data are consistent with the short series of flaatadfrom its Mokautere sub-
catchment, and so there is independent supporthioWaipapa Stream data. The
nearby Mangakino catchment has a similar mix df gr@iups to those in the Waipapa
Stream catchment, but the Mangakino is much maeoresive to rainfall. The slopes
reported in the Land Resource Inventory within Weipapa Stream at Mulberry
catchment (about 29% in classes A, B, or C, ia, findulating or rolling, up to 15
degrees) are lower than the adjacent Mangakindicegot (17% in classes A, B, or
C). This difference is perhaps not large enougbxglain the apparent difference in
hydrological response — both catchments do haappreciable area which is mapped
as relatively steep. Thus Waipapa Stream catchmanains an anomaly, and any
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future water management investigations for thistuatent would be aided by studies
of the hydrological processes there.

The absence of YBP and POD soils from Mangahenén8Hi does provide a
possible explanation of the highly responsive higiyp of that catchment. Although
that responsiveness has previously been ascribdédetsteepness of the catchment
(Jowett 1999), and more recently to the land useltfMland, memo to TEP 20 June
2008), As stated in the beginning of this sectittre understanding of the factors
affecting catchment responsiveness is inconclusivea purpose here is to define
TopNet soil model parameters. We adopt soil graupraexplanation, because it also
explains responsiveness of several other middlk&taicatchments.

4.4.  Assignment of parameters controlled by land cover

The three most important parameters controlled dyd |cover are the saturated
hydraulic conductivity at the soil surface, the @ay capacity and the canopy
enhancement factor, with the first being the mgtdrtant in this case.

Values of saturated hydraulic conductivity at tlod surface were assigned on the
basis of land cover, soil group and soil seriessgexified for infiltration rate in an
Environment Waikato study (Taylor et al. 2009) whilgher values assigned to forest
land covers, and lower values to pasture and laaue ISoil properties were found to
have only a secondary influence on infiltratiorerit this study.

The scale of a TopNet model element is of the ofdeknf, which is much larger
than the sub-metre scale of the experiments. ribtsnecessary for the experimental
values of infiltration rate to apply directly atettmodel element scale — real soils are
variable within the model element, and processeh as infiltration are not spatially
uniform in the real world, even though they are gitadl in this way. The purpose of
the model is not to represent every local variaiiohydrology (an impossible task in
almost every case), but to represent the main psesegenerating floods.

The infiltration rate values mapped by Environm@vdikato (EW) were subject to
further potential calibration by a single multi@itve constant, and they attempt to
represent the infiltration process which is expadte change when land use changes
from forest to pasture stocked with grazing animidiswever, an adequate calibration
was obtained without further adjustement. SinceBké mapping links conductivity
values to land cover classes, it is straightforwaraépply the same rules to a future
land cover scenario, and derive a new map of hyidraanductivity.
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The two canopy parameter values were assigned erbasis of the land cover
classification mapped by Environment Waikato (segifé 9), and are listed in Table

[ ] Forest conversion area

Land Cover 2001-02 (EW)

I Plantation Forest

B Indigenous Vegetation, Scrub and Unmanaged Areas
Agricultural and Horticultural Surfaces
Bare and Impervious Surfaces

- Open Water and Wetland Surfaces

Figure 9: Current land cover
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Table 8: Parameter values assigned in TopNet modeh the basis of Land Cover
Canopy Storage Capacity Canopy Evaporation
Land Cover (mm) Enhancement Factor (-)

Plantation Forest
Indigenous Vegetation
Scrub and Unmanaged Areas

Agricultural and Horticultural Surfaces

o R P W W
L

Bare and Impervious Surfaces

4.5.  Model calibration process

An adequate model calibration was achieved, aftersiderable exploration of the
data.

The key soil-controlled parameters to estimatdlerTopNet model in this catchment
were saturated hydraulic conductivity at the saifface, effective depth of soil for
subsurface flow, and lateral saturated hydraulicativity.

The calibration event was the July 1998 flood. ¥efmonth period (1-May to 1-
September 1998) was used, because the simulatidelrisoa continuous model, not
an event-based model. It therefore needs timetéblesh its own initial conditions for
the flood: this is especially important in slowlsponding catchments. The long
calibration period also gives the opportunity tedh the model’'s representation of
responses to a wide variety of events. If it perf®mell in many events, this increases
the chance that it will perform adequately undeanged conditions. Performance of
the model was also calculated as the total rumoti 8-day period around the flood
peak. The performance of the model in reprodudieg3-day total runoff difference
between Taupo Outflow and Karapiro was used agptimeary calibration criterion,
and the performance of the model on the PokaiwhemuRuketerua catchment was
used as a secondary criterion. The Karapiro-Taupmff is a quantity of direct
interest to hydraulic modelling, so it is worth ckeg on its simulation. The
Pokaiwhenua catchment is the major gauged catchwigich will be most affected
by land use conversion, so its simulation is alsmigrest. As a result there are still
significant discrepancies for many of the gaugexitary catchments.

The calibration process was manual, ho automadicalise consideration of the (as yet
poorly understood) runoff generation processesremsired, in order to get a reliable
model for prediction of change.
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The effective depth of soil for subsurface flow @#@ODF parameter) was assumed
to be correlated with the fraction of each sub{waient which had YBP or POD soils.
Following the guidance of Figure 8, if the fractiohthe catchment with YBP or POD
soils was less than 80% then a TOPMODF value of'Smas assigned, otherwise a
value of 0.05 M was assigned (Figure 10). The exact nature ofréfeionship
between these two model parameters and macropomesie subject to calibration.
The relationship preserved the relationship desdridtbove, i.e. higher macroporosity
soils were given parameter values indicating lespansiveness. For the TopNet
model, responsiveness is lower if the effectivetldépr subsurface flow is larger, and
also if the lateral saturated hydraulic condugfiigtiower.

TopNet: f parameter
0.05
5

5 0 5 10 15 20 25 30 35 40 Kilometers
P

Figure 10: Spatial distribution of effective depth(m™) of soil for subsurface flow (TopNet
TOPMODF parameter) as applied in the simulation mo&l. The blue areas are
predicted by TopNet to be more responsive (for flading) then the pink areas.
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This calibration attempts to capture poorly underdt subsurface processes and it
must be acknowledged that the physical basis ofctreslation is not understood.
However, since these processes control subsurfaedcs, which are not physically
altered by the envisaged land use changes, itaissiile to expect these empirical
relationships to be stable. Clearly the water isgatthe subsurface flow system will
change with land use change.

The saturated hydraulic conductivity at the surféd¥ DCONOQ) was first estimated
using the data mapped by an Environment Waikatdys(Taylor et al. 2009).
However, the rainfall intensities used to force TopNet model were far less than the
saturated conductivities. All these mapped condliigtivalues were reduced by a
calibration factor, in order to produce some indifion excess runoff. However, the
modelled runoff was much more sensitive to chamgd©®©PMODF than to physically
reasonable changes in HYDCONO. The calibrated moejbrted here scales all
mapped conductivity values by a factor 0.05.

The lateral saturated hydraulic conductivity wasuased to be the same as the
saturated conductivity of forest on the correspogdsoil type, mapped by an
Environment Waikato study (Taylor et al. 2009). @éwl lateral conductivity means
that the water table is forced closer to the se;fand saturated areas are larger, so
that more surface runoff is produced by the satmatxcess mechanism.

4.6. Model calibration results

Model calibration was carried out in two steps:
1. Calibration was done on July 1998 event.

2. The calibrate model was run for 1965-2005 usihgerved rainfalls to
produce runoff and tested against observed dalid4tian).

The typical performance of the model on tributdopél flow volumes can be assessed
by analysing the annual series of largest 3-dagdfleolumes from each year. In
Figures 11 and 12, the bar chart allows an assessmhevhether observed tributary
flood volumes in individual years are well-matchied the model, and the flood
frequency distribution plot allows an assessmenviuéther the observed distribution
of flood magnitudes is well-matched by the model.

The following figures show the model calibratiordhggraphs for the July 1998 flood.
Figure 13 illustrates the model calibration at thkole catchment scale with an
emphasis on event volume, by comparing time seie&2-hour moving means of
Karapiro minus Taupo outflows.
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Figure 11.: Modelled and observed annual maximum 8ay floods for Mangakino at Dillon
Road. Upper panel: Annual series; lower panel: Floo frequency analysis -
analysis of observations by SKM (Thornburrow & Mulholland 2009).
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Figure 12: Modelled and observed annual maximum 8ay floods for Waiotapu at Reporoa.

Upper panel: Annual series; lower panel: Flood fregency analysis - analysis of
observations by SKM (Thornburrow & Mulholland 2009).
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1998 Karapiro minus Taupo outflow (72h moving mean)
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TopNet validation plot for 1998 flood,for the difference between Karapiro and

Taupo outflows. Top panel shows observed and modetl 72-h moving mean
flows for entire year; Bottom panel shows detail atime of flood.
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The following figures (Figure 14 to Figure 18) shaaditional model calibration
hydrographs for the July 1998 flood. There is oagepper flow recorder. Each flood
Is shown twice on the same page: once showingeaf simulation window using 72-
hour moving mean flows, and once showing a closefupe 3-day flood event using
the hourly data. The sites are arranged from slowlyponding to more rapidly
responding.

In each plot, the upper panel shows streamflowdiotesl and modelled), with a bias
statistic reported at the top (computed over thiresperiod shown), and an event
runoff (observed and modelled), computed over thersperiod (indicated by vertical

dashed lines).

The lower panel shows which runoff generation maigms were operating at one
sub-catchment within each monitored catchment shdWware is no guarantee that the
sub-catchment is representative. In the legendinaya (in grey) refers to the
modelled flow of water from the root zone to thalkiw saturated zone. SSF refers to
subsurface flow (in yellow), SSF+SATXS refers tae tsum of subsurface and
saturation excess runoff (in green), and SSF+SATXEXS refers to the sum of
subsurface, saturation excess runoff and infiitragxcess runoff (in blue). If no blue
is visible, there was no infiltration excess. If goeen is visible, there was no
saturation excess runoff. These terms are alsersimthe same colours on the flow
diagram in Figure 2.

Further assessments of model performance are nmade separate report (Jowett
2009), looking at event rainfall-runoff relationghifor tributary streams, predictions
by other models of inflow volumes into dam catchteemand total inflows between
Taupo and Karapiro: those analyses are not repelaéed. Jowett (2009, pl)
summarizes his results as follows:

“The TOPNET (NIWA) model was not as strongly infleed by temporal
pattern and storm intensity as the HEC/HMS modeé TOPNET model
predicted tributary catchments responses well itmeo tributary

catchments, but tended to under-predict in two. élew, the predicted
total inflows agreed with inflows calculated by sabting Taupo from
Karapiro discharge and with other model estimates.”

5. Modelling change in land use on simulated floods

The areas outlined in red in Figure 19 are progedtechange from forest to dairy
pasture. The model developed in this report wilubed to compare the flood regimes
before and after that change, by running the maritaland without that change.
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1998 Pokaiwhenua at Puketurua (72h moving mean)
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TopNet validation plot for 1998 flood,Pokaiwhenua at Puketurua. Top panel
shows observed and modelled 72-h moving mean flowsiddle panel shows
observed and modelled hourly flows; Bottom panel siws which runoff
generation mechanisms were operating at one sub-cament within each
monitored catchment shown.
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1998 Tahunaatara at Ohakuri Rd (72h moving mean)
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Figure 15: TopNet validation plot for 1998 flood,Tahunaatara at Ohakuri Road. Top panel
shows observed and modelled 72-h moving mean flowsiddle panel shows
observed and modelled hourly flows; Bottom panel siws which runoff
generation mechanisms were operating at one sub-cament within each
monitored catchment shown.
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1998 Waiotapu at Reporoa (72h moving mean)
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TopNet validation plot for 1998 flood,Waiotapu at Reporoa. Top panel shows
observed and modelled 72-h moving mean flows; Midel panel shows observed
and modelled hourly flows; Bottom panel shows whichrunoff generation
mechanisms were operating at one sub-catchment with each monitored
catchment shown.
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1998 Waipapa at Ngaroma Rd (72h moving mean)
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TopNet validation plot for 1998 flood,Waipapa at Ngaroma Road. Top panel
shows observed and modelled 72-h moving mean flowsiddle panel shows
observed and modelled hourly flows; Bottom panel siws which runoff
generation mechanisms were operating at one sub-cament within each
monitored catchment shown.
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1998 Mangakino at Dillon Rd (72h moving mean)
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Figure 18: TopNet validation plot for 1998 flood,Mangakino at Dillon Road. Top panel
shows observed and modelled 72-h moving mean flowsiddle panel shows
observed and modelled hourly flows; Bottom panel siws which runoff
generation mechanisms were operating at one sub-cament within each
monitored catchment shown.
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Forest conversion area

Land Cover 2001-02 (EW)

I Plantation Forest

B Indigenous Vegetation, Scrub and Unmanaged Areas
Agricultural and Horticultural Surfaces
Bare and Impervious Surfaces

- Open Water and Wetland Surfaces

Figure 19: Assumed future land cover after forestemoval is complete
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The most obvious hydrological change due to laredagsversion is expected to be in
the infiltration characteristics of the soils. Tésturated hydraulic conductivity at the
ground surface is the model parameter which iged{eto make a prediction of the
impact of forest conversion to dairy pasture. A nodighydraulic conductivity was
prepared for the current land cover (see Sechoror! Reference source not
found.), and for the land cover after the projected focesmversion is completed (by
changing the hydraulic conductivity within the regtlines in Figure 19 to the values
indicated by Taylor et al (2009) for Agriculturahdh Horticultural Surfaces). The
Taylor et al (2009) mapping of hydraulic condudgvio combinations of soil type and
land cover class was used as the basis of the magdoaulic conductivity under
future land use; it was not altered during thebrcation process. Each modelled
subcatchment has a different value of hydraulicdoetivity, obtained by overlaying
the subcatchment boundaries on a map of hydraahductivity, and assigning the
average value. The hydraulic conductivity value domodel sub-catchment is found
by taking the average of all conductivity valuesha catchment.

The change from forest to dairy will also change itfiterception and evaporation of
the few millimetres of water that can be storedhe plant canopy. This amount is
trivial compared to major storms, but a potentiaignificant longer-term effect on
small to moderate ran events is that pasture amlsomewhat wetter than forest soils,
other things being equal. If soils are wetter at gkart of a storm, then the soils can
store less storm rainfall, and will produce moreafti for the same depth of rainfall.
This process is modelled in TopNet with two parargebf the plant canopy, which
are given in Table 8.

5.1.  Synthetic rainfall events

To assess the potential impact of land use chahgdlood responses of 6 synthetic
storm events of 3-day duration and various magegute simulated using the model
presented above, via two case studies. The 3-degtidn was chosen as typical of
severe flooding events in the lower Waikato. Thay®thetic storms represent rainfall
events with return periods of approximately 5, 20, 50, 100 and 500 years. The
expected total 72-hour rainfall depths for thesetérn periods were estimated using
the HIRDS system (Thompson 2002) for regular gdoh{s over the entire catchment.
These estimated total rainfall depths were distetduin time in two case studies
according to two storm profiles (July 1998 an Febyul958, Figure 20) and scaled
for each case using estimates of areal reductwpr@(ARF).

HIRDS 72-hour rainfalls for the 6 return periode ahown in Figures 21, 22, and 23,
and summarised in Table 9. For a 3-day total ovéb@0 km2 catchment, an areal
reduction factor was estimated as 0.88 (Figure Toofilinson and Thompson (1980)).
The reduction factors adopted in this study areesamat smaller. Discussions of ARF
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in Tomlinson (1978) indicate that severe rainstoars extremely variable in their
depth-area characteristics, and so Tomlinson ammmplon (1980) recommend that
ARF should be used with caution, especially whealidg with rainfalls of long return
period.

Table 9: Catchment mean rainfall information overmiddle Waikato
Return Period (y) 5 10 20 50 100 500
HIRDS 72-h Rainfall (mm) 129 148 169 202 233 302
July 1998 pattern 83 96 109 130 150 191
February 1958 pattern 97 111 127 152 175 227

In the first case study, the rainfall was distrdalin space and time according to the
July 1998 rainfall event. The initial conditionsedsto simulate each synthetic storm
were the modelled conditions as at the start ofitilg 1998 event. We estimate that
the July 8-11 storm had return period for 4500 sgdatchment mean 72-h rainfall of
between 10 and 25 years. Henderson and Thomps®@)(28port the 72-h Taupo-
Karapiro tributary runoff for the July 1998 everd days starting 1998-07-10) as
having a return period of 26 years. We do not eixpqarecise match between rainfall
and runoff return periods, because event runaifse dependent on other factors (e.g.
antecendent conditions, choice of baseflow semeratiethod). The largest 9am-to-
9am 3-day catchment mean rainfall recorded ovemiltlle Waikato in July 1998
was 134 mm from 9am 8 July to 9am 11 July. Thedsir§-day total for any start time
is known at gauges, but not for the catchment ashale. An upper bound is the
largest 4-day catchment mean rain in July 1998¢ckvhias 157 mm from 9am 8 July
to 9am 12 July. We adopted 145 mm as an estimatbleT gives the resulting
scaling factors needed to convert the 8-11 July8I@énfalls to rainfall events of the
various return periods. Neither the precise chofdbe ARF nor the July 1998 rainfall
total are critical choices — their purpose is teate rainfall events of appropriate
magnitudes for evaluation of a land use scenar®yTare not intended for design
flood estimation.

In the second case study, the storm totals at jgeich in the catchment were assumed
to be given by the HIRDS 3-day totals, multiplieg dn areal reduction factor (see
below). The catchment average storm profile frorRedruary 1958 rainfall event
(Figure 20) was assumed to be spatially uniform, it. was assumed that the storm
had the same temporal profile (Figure 20) all oer catchment. For a 3-day total
over a 4500 kfcatchment, an areal reduction factor (ARF) of Q&5 applied to the
HIRDS totals to account for the fact that singlers are unlikely to represent the
same return interval event uniformly across thecloaent (Table 9). The initial
conditions used to simulate each synthetic stormewfee modelled conditions at'23
of February 2004, to reflect wet initial conditions
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Figure 20:

Table 10:

Storm rainfall profile for the February 1958 as applied to model land use change
impacts.

The 6 synthetic rain events in each case study wech used to drive the TopNet
model, under both the current and the future laseé scenarios. Flows were
aggregated to the dam tributary catchments by thears routing algorithm of
TopNet. The flows to each of the dam catchmentbl€ra0) are provided as hourly
time series for use in the Waikato River flood nogtmodel.

Reach identifiers for Waikato River loc&ions in the River Environment
Classification digital river network, used to extrect modelled river flow
information from TopNet model.

name NZREACH
Taupo 3043367
Ohakuri 3034685
Atiamuri 3034459
Whakamaru 3034469
Maraetai 3032974
Waipapa 3030179
Arapuni 3024654
Karapiro 3020360
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HIRDS 5-Year 72-h Rainfall (mm): Mean = 130mm

HIRDS 10-Year 72-h Rainfall (mm): Mean = 149mm
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Figure 21: HIRDS 5- and 10-year 72-h rainfalls ovethe middle Waikato
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HIRDS 20-Year 72-h Rainfall (mm): Mean = 170mm
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Figure 22: HIRDS 20- and 50-year 72-h rainfalls osr the middle Waikato
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HIRDS 100-Year 72-h Rainfall (mm); Mean = 235mm
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Figure 23: HIRDS 100- and 500-year 72-h rainfallgver the middle Waikato
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5.2.  Tributary flood simulations for the July 1998 synthetic rainfall

Figure 24 shows the simulated hyetographs and byapbs for the 7 dam catchments
for the current and converted cases for the 100-#etarn period event. Four of the
catchments show no appreciable change in the hsappbg due to land use

conversion.
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Figure 24: Simulated hydrographs for each of the @m catchments as simulated by TopNet

for the 100-year rainfall event under current (bladk lines) and converted (red
lines) land use scenarios.
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Figure 25 displays the model results as hydrographstal outflow from the study
area for the 6 synthetic events and the currentanderted scenarios.
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Figure 25: Simulated Taupo-Karapiro inflow hydrographs for the 6 synthetic rainfall events

under current (black) and converted (red) land usescenarios.

The greatest absolute changes in flow are at pleak and the largest percentage
increases are correlated with the absolute flow aoclr at the hydrograph peak
(Figure 26).

Figure 27 shows the changes in hydrograph peaHifiarent return periods and the
different catchments as well as the total Taupacaldao inflows (‘combined’). This
indicates again that only three dam catchmentsk@haNhakamaru, and Arapuni,
show a modelled detectable response to land useean, in terms of their
hydrograph changes and contribute to the changtteistudy area hydrograph. Note
that relative changes show a maximum at 50/100 yeturn intervals for two
catchments. This indicates that storms of this ntade will essentially saturate the
soil regardless of land cover. Thus while morenagestorms will continue to produce
higher flood flows, the relative increase in flodiminishes.
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Table 11 summarizes hydrograph peaks and the cbdogell catchments, return
intervals and the current and converted scenahnighlighting catchments and return
intervals at which appreciable increases are piexdlic

Table 11: Simulated hydrograph peaks for current first panel) and converted (second
panel) scenarios, for the different return intervak, and catchments. Third and
fourth panel show peak hydrograph changes in m3/snal percentage.

Return Taupo-
Interval Ohakuri Atiamuri Whakamaru  Maraetai  Waipapa Arapuni Karapiro  Karapiro

PeakCurrent [m*/s]

5 132 33 145 135 75 31 88 625
10 151 37 181 166 87 37 105 747
20 171 42 220 200 102 43 125 884
50 205 50 284 258 127 55 157 1107
100 240 58 352 320 154 67 193 1347
500 314 75 498 456 216 95 269 1871

PeakConvert [m?/s]

5 133 33 153 135 75 33 88 637
10 151 37 191 166 87 40 105 762
20 172 42 233 201 102 47 125 902
50 206 50 301 258 127 60 158 1131
100 242 58 372 320 154 74 193 1377
500 317 76 523 456 216 104 269 1910

PeakDiffAbs [m?/s]

5 1 0 8 0 0 2 0 12
10 1 0 11 0 0 3 0 15
20 1 0 13 0 0 4 0 19
50 1 0 17 0 0 5 0 24
100 2 0 20 0 0 7 0 30
500 4 0 25 1 0 9 0 39
PeakDiffPerc [%]
5 1 0 6 0 0 6 0 2
10 1 0 6 0 0 7 0 2
20 1 0 6 0 0 9 0 2
50 1 0 6 0 0 10 0 2
100 1 0 6 0 0 10 0 2
500 1 0 5 0 0 9 0 2
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To gain a preliminary indication of the impact ahtl conversion impacts on Waikato
River floods for the different return periods, wenputed the peak 72-hr moving
average flows. These were compared for the differatthments and for the different
return intervals (Figure 28, Table 14).

The model outputs indicate the impact of land wseversion on 72hr Taupo-Karapiro
flood volumes would be a 1% increase when usingbth® year rainfall test events,
and a 2% increase when using the 100-500 yearathibelt events. The modelled
increase in flood volume is associated mainly vilie Whakamaru, Arapuni and
Ohakuri dam catchments.

5.3.  Tributary flood simulations for the February 1958 synthetic rainfall

Figure 29 shows the simulated heyetographs andobyaphs for the 7 dam

catchments for the current and converted caseth@d00-year return period event.
Again, four of the catchments show no appreciahbnge in the hydrographs due to
land use conversion.
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Figure 28: Peak 72-average flow differences in s (left) and percent (right) for the
converted scenarios compared to current land use kyographs. Results are
displayed for different return intervals and the dam catchments as well as the
total inflow.
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Table 12: Peak 72-average flows for current (firstpanel) and converted (second panel)
scenarios, for the different return intervals, andcatchments. Third and fourth
panel show changes in m3/s and percentage.

Return Taupo-
Interval Ohakuri Atiamuri Whakamaru Maraetai Waipapa Arapuni Karapiro Karapiro

72hr-Current [m3/s]

5 88 21 65 60 38 18 48 338
10 96 23 79 72 44 21 56 390
20 106 25 94 84 50 24 64 447
50 122 29 120 106 60 29 78 543
100 138 33 147 129 72 34 93 645
500 173 42 206 180 97 46 128 869

72hr-Convert [m3/s]

5 88 21 67 60 38 19 48 342
10 97 23 82 72 44 22 56 394
20 107 25 98 84 50 25 64 454
50 122 29 125 106 60 31 78 551
100 139 33 154 129 72 36 93 655
500 174 42 215 180 98 49 126 882

DiffAbs [m3/s]

5 0 0 2 0 0 1 0 4
10 1 0 3 0 0 1 0 5
20 1 0 4 0 0 1 0 6
50 1 0 5 0 0 2 0 8
100 1 0 6 0 0 2 0 10
500 1 0 8 0 0 3 0 13

DiffPerc [%]

5 1 0 3 0 0 4 0 1
10 1 0 4 0 0 5 0 1
20 1 0 4 0 0 6 0 1
50 1 0 4 0 0 7 0 1
100 1 0 4 0 0 7 0 2
500 1 0 4 0 0 7 0 2
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Figure 29:
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Figure 30 displays the model results as hydrographstal outflow from the study
area for the 6 synthetic events and the currentanderted scenarios.

T T T I
Current
Converted

12 24 36 48 60 72 84 96 108 120
Time (hours)

Simulated Taupo-Karapiro inflow hydrographs for the 6 synthetic rainfall
events under current (black) and converted (red) lad use scenarios.

The greatest absolute changes in flow are at peak (Figure 31), and the largest
percentage increases occur on the rising limbehgdrograph.

Figure 32 shows the changes in hydrograph peakiffarent return periods and the
different catchments as well as the total Taupacaldao inflows (‘combined’). This
indicates again that only three dam catchmentsk@haVhakamaru, and Arapuni,
show a modelled detectable response to land useersion, in terms of their
hydrograph changes and contribute to the changié®istudy area hydrograph. Same
‘peak change’ behaviour at 50/100 years returmiate is observed for the Arapanui
and Whakamaru catchments.

Table 13 summarizes hydrograph peaks and the cbdogeaall catchments, return
intervals and the current and converted scendnighlighting catchments and return
intervals at which detectable increases are prdlict
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Figure 31: Difference in simulated Taupo-Karapiroinflow due to land use change for the 6

storm scenarios. Differences are expressed as chasgin nf/s (top graph) and
percent (bottom graph) relative to the current landuse scenario.
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Figure 32: Peak flow differences in rifs (left) and percent (right) for the converted scearios

compared to current land use hydrographs. Resultsra displayed for different
return intervals and the dam catchments as well athe outlet.
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Table 13: Simulated hydrograph peaks for current first panel) and converted (second
panel) scenarios, for the different return intervak, and catchments. Third and
fourth panel show peak hydrograph changes in m3/snal percentage.

Return Taupo-
Intervals Ohakuri Atiamuri Whakamaru  Maraetai Waipapa Arapuni Karapiro Karapiro

PeakCurrent [m3s-1]

5 119 26 90 83 37 28 90 468
10 140 31 119 109 46 37 114 590
20 169 38 156 142 60 48 145 748
50 220 49 226 209 90 69 205 1056
100 276 63 302 285 128 90 270 1399
500 418 104 494 478 238 146 444 2313

PeakConvert [m3s-1]

5 121 26 97 83 37 32 90 481
10 142 31 129 109 46 42 114 607
20 170 38 170 142 60 55 146 771
50 223 49 248 209 90 80 205 1093
100 280 63 331 286 128 103 271 1449
500 430 104 532 479 238 161 447 2382

PeakDiffAbs [m3s-1]

5 2 0 7 0 0 3 0 12
10 2 0 10 0 0 5 0 18
20 2 0 14 0 0 7 0 23
50 3 0 22 0 0 11 1 37
100 4 0 30 1 0 13 2 50
500 11 0 38 1 1 15 3 69
PeakDiffPerc [%]
5 1 0 8 0 0 12 0 3
10 1 0 8 0 0 14 0 3
20 1 0 9 0 0 15 0 3
50 1 0 10 0 0 16 0 4
100 2 0 10 0 0 14 1 4
500 3 0 8 0 0 10 1 3

To gain a preliminary indication of the impact ahtl conversion impacts on Waikato
River floods for the different return periods, wengputed the peak 72-hr moving
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average flows. These were compared for the differatthments and for the different
return intervals (Figure 33, Table 14).

5.4.  Influence of soil depth on simulation results

Our estimates of soil depths are based on the fasdurce inventory national
databases. The values are regional estimates andhcav large spatial variability.
Moreover, it is expected that soil rooting depthd avater holding capacities change
with land—use. We carried out a test to observartthgence of that parameter on our
modelling results by changing the soil capacityapaeter in TopNet uniformly across
the catchment. The simulations show results camistith our baseline simulations.
If the soil capacity is reduced (which would be ected in a forest-to-pasture
conversion as rooting depth declines, Figure 34g Arapanui and Whakamaru
catchments reach saturation even under annual 2wt hence land-use change
impacts on flooding are less pronounced for thédrgeturn periods (compare Figure
33). The overall whole-catchment figures for lars#-umpacts on flooding do not
change significantly.
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Figure 33: Peak 72-average flow differences in s (left) and percent (right) for the
converted scenarios compared to current land use kyographs. Results are
displayed for different return intervals and the dam catchments as well as the
total inflow.
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Table 14: Peak 72-average flows for current (firstpanel) and converted (second panel)
scenarios, for the different return intervals, andcatchments. Third and fourth
panel show changes in m3/s and percentage. Lightate indicate catchments
with a detectable change, dark shades return intemals at which the three
catchments show detectable changes in hydrograph.

Taupo-
Ohakuri Atiamuri Whakamaru Maraetai Waipapa Arapuni Karapiro  Karapiro

72hr-Current [m3/s]

5 59 12 29 29 14 11 34 188
10 66 13 37 36 17 14 42 223
20 74 15 47 45 20 17 51 268
50 89 18 67 63 28 22 68 354
100 104 21 88 83 38 28 86 448
500 145 32 140 134 65 44 135 696

72hr-Convert [m3/s]

5 60 12 30 29 14 12 35 192
10 66 13 39 36 17 15 42 228
20 75 15 51 45 21 18 51 275
50 90 18 72 63 28 25 68 364
100 106 22 95 83 38 31 86 461
500 151 32 150 134 66 48 136 717

DiffAbs [m3/s]

5 1 0 2 0 0 1 0 4
10 1 0 2 0 0 1 0 5
20 1 0 3 0 0 2 0 6
50 1 0 5 0 0 3 0 10
100 2 0 7 0 0 3 0 13
500 5 0 10 0 0 4 1 21
DiffPerc [%]
5 1 0 6 0 0 9 0 2
10 1 0 7 0 0 10 0 2
20 1 0 7 0 0 11 0 2
50 1 0 8 0 0 12 0 3
100 2 0 8 0 0 12 1 3
500 4 0 7 0 0 9 1 3
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Figure 34: Simulated changes in 72-hour peak flowsissuming only half the capacity of the

soil for the whole catchment (compare to Figure 33)

The model outputs indicate the impact of land wseversion on 72hr Taupo-Karapiro
flood volumes would be a 2% increase when usingbth® year rainfall test events,
and a 3% increase when using the 100-500 yearathielt events. The modelled
increase in flood volumes were again associatedlynaith the Whakamaru, Arapuni
and Ohakuri dam catchments.

5.5.  Local flooding

A preliminary assessment of impacts on local flagdian be made using the TopNet
results from the test events used above, lookirtgeatmodelled results from smaller
catchments. TopNet simulates the dam catchment®tmputing runoff from several
hundred subcatchments, and routing them to the reEm of the Waikato. By
examining the modelled outflows at locations wittlie dam catchments, an estimated
increase in flood peak can be obtained. It is ingurto note that this test event may
not be ideal for studying smaller catchments —hirrtdiscussion of appropriate test
events might be needed.

The model results for the effect of land use chamgdlood peaks the 10-year and

100-year test events are shown in Figure 35 andr&ig6, and summarised in Table
15.
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Figure 35: Percentage increase in peak flow for Ifear test rainfall event.
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Figure 36: Percentage increase in peak flow for D0year test rainfall event.
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Table 15: Summary of local effects of land use chge on flood peaks using the 10-year and
100-year test events
Location Effect with 10-year test event Effect with 100-year test event
Pokaiwhenua Stream Up to 5% increases on some Up to 5% increases on some
tributaries tributaries
Ongarahu Stm and Mangatutu Stm  Up to 5% increases in some Increases of 20-100% in some
(south of Lake Whakamaru) tributaries, and up to 20% tributaries

increases in a few cases

Orakonui Stm Up to 5% increases on most Increases of more than 50% in
tributaries some tributaries

Pueto Stm and Sexton Stm Up to 5% increases on most Up to 20% increases on some
tributaries within conversion area tributaries within conversion area

6. Conclusions

The present modelling study suggests that converfiom forest to pasture as
proposed would have detectable effects on floodtgpedthin the Waikato catchment,
but only where there is significant conversion, gadticularly where loam and other
less-permeable soils are also significant. The ta@st sensitive sub-catchments,
Whakamaru and Arapuni, produce peak flows thatort 10-15% greater following
conversion; the exact value depends, to a lessentexn the magnitude of the storm.
Furthermore, it is the rising limb of the flood mgdraph that shows greatest
sensitivity to land use change. These effects arapened, though still detectable,
when integrated over the larger catchment. Totaldlinflow volumes to the Taupo-
Karapiro catchment were predicted to increase bjoug? as a consequence of land
use change. Local-scale flood peaks within theutaity catchments were predicted to
increase by up to 5% for small rain events, an8-490% for large rain events.

The consistency of the results between the two saghes (1998 and 1958) implies a
degree of robustness of the results to differemcedimatic drivers. However, these

results must be interpreted within the contexthaf prescribed model. This includes
the various simplifications and approximations, esibodied by the model's

hydrological representativeness and parameter saheethey land cover attributes or
calibrated parameters.

An adequate model calibration has been achievathusie TopNet model for the
middle Waikato catchment. Undoubtedly better calibons can be achieved by
allowing more parameters to vary, and fitting indially to each flow record.
However, that would not address the point of thelst which is mainly to make
predictions about changes in flow for unmonitoredutary catchments under a
change in land use. This calibration attemptsri@estin appropriate balance between
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the competing needs for accurate simulations teerabnfidence that the model is
meaningful, and for parameter values which havebeen distorted by the calibration
process, so that one can have confidence thattedtespects of the model (e.qg. its
behaviour in the future) will be acceptably rel@bUltimately this balance is a
judgement which must be made by the Technical EXpanel as a group, and it is
premature to make a final assessment at this jpoitite process, without receiving
review comment from the panel.

The results presented above will need to be cordparth the results of the second
modelling task, and any significant differencesoregled by the Technical Expert
Panel.

One cannot conclude at this stage whether the impat Waikato River flows are
significant or not. This depends on routing thepoese of the monitored and
unmonitored catchments through the river systemichviwill be carried out in a
separate task of this project.
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Appendix 1: Middle Waikato model validation

The following figures (Figures Al.1 — A1.5) shovetimodel calibrations for the flood
of August 1990. There is one page per flow recordach flood is shown twice on the
same page: once showing a 1-year simulation winfleith data as 72-h moving
mean), and once showing a close-up of the 3-dadfevent. The sites are arranged
from slowly responding to more rapidly responding.

In each plot, the upper panel shows streamflowdiatesl and modelled), with a bias
statistic reported at the top (computed over théreeperiod shown), and an event
runoff (observed and modelled), computed over thersperiod (indicated by vertical
dashed lines).

The lower panel shows which runoff generation maidms were operating at one
sub-catchment within each monitored catchment shdlware is no guarantee that the
sub-catchment is representative. In the legendinaya (in grey) refers to the
modelled flow of water from the root zone to thmaltow saturated zone. SSF refers
to subsurface flow (in yellow), SSF+SATXS referstte sum of subsurface and
saturation excess runoff (in green), and SSF+SATXEXS refers to the sum of
subsurface, saturation excess runoff and infittratxcess runoff (in blue). If no blue
is visible, there was no infiltration excess. If goeen is visible, there was no
saturation excess runoff. These terms are alsorslmithe same colours on the flow
diagram in Figure 2

Estimating the potential effect of land use chamgé&Vaikato tributary floods — TopNet model develgpn 57



Streamflow (m3/s)

Streamflow (m3/s)

Figure A1.1:

500

1990 Karapiro minus Taupo outflow (72h moving mean)

—NIVA_—

Taihoro Nukurangi

450 -

400 -

350+

300+

250+

200+

150

100 -

— ObS
— Model

500

Jan-01 Feb-01Mar-01 Apr-01May-01 Jun-01 Jul-01 Aug-01Sep-01 Oct-01 Nov-01Dec-01

1990 Karapiro minus Taupo outflow (72h moving mean) bias= 8%

450 -

400 -

350+

300

280

200

150

100

S0+

T
— ObS
— Meodel 4

0
Aug-05

Aug-10

Aug-15

Aug-20

Aug-25

Aug-30

Sep-04

Sep-09 Sep-14

TopNet validation plot for 1990 flood for the difference between Karapiro and
Taupo outflows. Top panel shows observed and modetl 72-h moving mean
flows for entire year; Bottom panel shows detail atime of flood.
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1990 Pokaiwhenua at Puketurua (72h moving mean)

20
— Observed
Modelled
15+
10+
5 .
| | | | | | | | | | | |
Jan-01 Feb-01Mar-01 Apr-01May-01 Jun-01 Jul-01 Aug-01Sep-01 Qct-01 Nov-01Dec-01
1990 Pokaiwhenua at Puketurua (hourly series), bias=-11%
60 T T T T T T
— Observed
50H Modelled A

=

(=)
T

|

Streamflow (m3/s)
[ (]
(=] (o]
T T
| |

. SN

0 | | | | | |
Aug-05 Aug-10 Aug-15 Aug-20 Aug-25 Aug-30 Sep-04 Sep-09 Sep-14

5 T T
rainfall
51 drainage i
INFXS+SATXS+SSF
all SATXS+SSF |
SSF
£
£ 3H i
£
2 [ —
1
11 J“ i _
J P - ol [ .
V. r"-'"l—-.._..- .-‘."**.‘-J r g < — .

0
Aug-05 Aug-10 Aug-15 Aug-20 Aug-25 Aug-30 Sep-04 Sep-09 Sep-14

Figure A1.2: TopNet validation plot for 1990 flood, Pokaiwhenua at Puketurua. Top panel
shows observed and modelled 72-h moving mean flowsiddle panel shows
observed and modelled hourly flows; Bottom panel siws which runoff
generation mechanisms were operating at one sub-caiment within each
monitored catchment shown
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1990 Waiotapu at Reporoa (72h moving mean)
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Figure A1.3: TopNet validation plot for 1990 flood, Waiotapu at Reporoa. Top panel shows
observed and modelled 72-h moving mean flows; Midiel panel shows observed
and modelled hourly flows; Bottom panel shows whit runoff generation
mechanisms were operating at one sub-catchment with each monitored
catchment shown
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1990 Waipapa at Ngaroma Rd (72h moving mean)
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Figure Al1.4: TopNet validation plot for 1990 flood Waipapa at Ngaroma Road. Top panel

shows observed and modelled 72-h moving mean flowsiddle panel shows
observed and modelled hourly flows; Bottom panel siws which runoff
generation mechanisms were operating at one sub-cament within each
monitored catchment shown
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1991 Mangakino at Dillon Rd (72h moving mean)
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TopNet validation plot for 1990 flood Mangakino at Dillon Road. Top panel
shows observed and modelled 72-h moving mean flowsiddle panel shows
observed and modelled hourly flows; Bottom panel siws which runoff
generation mechanisms were operating at one sub-cament within each
monitored catchment shown.
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