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Where it started......

Looking down towards Gisborne from the Tarndale Road. Bush has been burnt. orfr, hills are
now eroding into valleys. Road here is at elevation of nearly }000ft..

~ ‘.,___.—-—kw - » T
T e e Y . A

Ifl Manulife Investment Management



 £2,150,000 Scheme To
- -Check Waipaoa Erosion
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Gisborne Herald August 1959



Afforestation initiatives
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Tauwharepare catchment
Stuff article Feb 2018 -
‘30 years on from Cyclone Bola’
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Drivers of erosion

Climate

Topography

Geology

Vegetation Cover

Tectonic Activity
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The window of risk

Window of wulnarabiley”

i_-------------h
Maxcimum suscaptibility
to landslides (Sidle, 2005) Fmﬂﬂcf‘ﬁmﬂ mm’f"
- e o e root reinforcesmsan
z
=
=
—
B
=
o
Root reinforcoment decay — harvaestad
| | | | | | |
o b L ] b= 10 12 14

Yeaars after clearcutting
Iy IMidiidie HivestLiieriv rdrdgeltiieti



Underlying susceptibility
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Cyclone Bola damage
Tolaga Bay
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Start of Slip from other side of the valley

Motueka catchment May 2010
(250mm in 3 days followed by an
intense deluge)
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Eastern BOP April 2011 (280mm in 24hrs)




Taumarunui - Cyclone Cook April 2017
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Taringamotu
Rd culvert
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Kuturere BOP Nov 2021
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Whataroa Feb 19
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Assessing risk

Risk = susceptibility x probability x consequences
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NZLRI Land Use Capability (LUC)




COROMANDEL = GT. BARRIER ISLAND EXTENCED LEGEND (Continued)
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unstable sund Erosion control larastry wand biown dune sands wend 2SLOCICIONS. Hot Wazer | sand with
dunes. forestry sands Baach lsping and eroton

Pinaki sand, hill contrel forestry.
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O 1o v B e FEATURE REPORT

SEARCH Q

| Enter coordinates, location or address.

Latitude, Longitude
37°40'53" S177° 44'10"E
Approximate height

139m

LINZ Parcel

Part Waikawa 2B Block
Maori Land Blocks

Waikawa No.2B

- [] Maori Land Blocks

¢ [] Wards
&> [] Teritorial Authorities
i [] Regional Councils

- [] Faults

Temitorial Authorities
gince and content layers

4 [ Land Capabilty Pl
« [ Land Use Capability view more
I (3 Areble. Muttiple-use
land; few limitations

Il [ Arable Good land;
slight limitations.

[ g Arable. Moderate
limitations; restricting
crop types

[ ]# Arable. Severe

limitations far@rable or

cultivation

[ ] Non-arable. Unsuitable
for cropping

1M Nan_arahla Praductiva

3

B Report pi

NZLUC Unit ©
nz7e-52

Description

Steep to very steep greywacke hills and
mountain lands below the treeline (1500m
asl) with strongly leached low fertility Brown,
Recent, Pumice and Ultic (yellow brown
LEGEND earth and yellow brown pumice) soils in
moderate to high (1200-3000mm) rainfall
areas with a potential for severe soil slip
debris avalanche and scree erosion, and

wyreatures  Of
Ml Arable. Multiple-use land; few limitations

Class 1. Arable. Mast versatile multiple-use land, minimal limitations, highly suitable for cropping, Land Use Capability moderate sheet and gully erosion.
Add features from the “Feature report” viticulture, berry fruit, pastoralism, tree crops and forestry. o R .
pane to get details reports. The Land Use Capability system categorizes land into eight classes according to its long-term capability\o Historical Regional Units
You will find all saved features here Bl Arable Good land; slight limitations sustain one or more productive uses based on physical limitations and site specific management needs pit7e2 (Ea.stem Bay of Plenty)
Class 2. Arable. Very good multiple-use land, slight limitations, suitable for cropping, viticulture, berry Productive capacity depends on physical qualities of the land, soil and environment. Differences between prt 7elt (lehom&East Coast)
fruit, pastoralism, tree crops and foresry and actual land qualities may be regarded as limitations which will affect productivity and land management Tel0 (WalrarapaTSoulhem Hawke's Bay)
optiens. Limitations considered in the LUC include: susceptibility to erosion, steepness of slope, climate, prtrez, Tes Me‘l'"g“’")
[EE Arable. Moderate limitations; restricting crop types susceptibility to flooding, liability to wetness or drought, salinity, and depth, texture, structure and nutrient supply 7e10 (Taranaki-Manawatu}
Class 3. Arable. Moderate limitations, restricting crop types and intensity of cultivation, suitable for of the soil.
cropping, viticulture, berry fruit, pastoralism, tree crops and forestry. Visible on the map up fo 1:25,000 scale Create full report
[] Arable. Severs limitations for arable or cultivation
Class 4. Arable. Significant limitations for arable use or cultivation, very limited crop types, suitable for

https://ourenvironment.scinfo.org.nz/maps-and-tools/app/Land%20Suitability/Iri_luc_main
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NES PF Erosion Susceptibility Classification (ESC)

Low Risk Green Zone
Medium Risk Yellow Zone
High Risk Orange Zone
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Connect|V|ty and stream energy
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Native riparians / proportion of catchment productive
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Downstream risk (consequences)

* Farmland
* Infrastructure
* Public roads, bridges

* Ecologically sensitive areas

* Residential areas

* Beachs
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Catchment Risk Assessment

catchment sediment & slash movement downstream risk Clearfall limir
code ESC [ 11] T |catchment_description ¥ |erosionrisk |7 risk ¥ |potential_slash_storage T |factors T |catchmenti ¥ |Reason T ¥ T |Clearfall Limit -
6e7, Gelgand |Upper catchment slopes south of Dyers Road. . Native foreston
Moderat Native fi 14 Moderat
HKGI007 Moderate Eeld Weathered Tangihua basalt with potentizl for casrate Low Stive fares neighbouring land SrEte Geology and steeper slope te
Large third order catchment. Weak thrust fault
geology, crushed argillite and melange. Undulating Meandering waterways with riparian |Patutahi Road and low angle toe slopes along
KAIKDO01 High Eel9 = = = T = High Moderate . X . Moderate ([riparianzone. Highse Yez 30% owver Eyears
topography. Large pasture and native forest floed plain and multiple crossings. farmland . -
| . R o steep slope in native
[Motatau) above pine forest, significant riparian
Four 1st order catchment draining directly to L b d inst nati Native f tand
ower bounda against native ative rorest an
KAIKOO02 Moderate Higl Be7+6el3 Kaikou river. Catchments are the lower partofa High Moderate N v Es . Moderate  [Multiple catchments Mo
. . . riparian forest Kaikou Stream
larger plantation area with zeparate ownerzhip.
‘E:'.'E:thered Taniihuua \rull:a&nil:tthrusttl}\m; » eotantial for lah disch . . fomd and Valley floor offers ability to
retaceous rocks. er Quaternary landslides otential for slash discharge onto erry Road an
KAIKOO03 High-Moders Ge7+6els . . s v High High = o High control slash movement Yes 50% over & years
underlig, Paringa and Karamea Roads. Thrustfault farmland on Cherry Rd valley floor farmland ithin t
within fores
boundary.
H i T bili lazh
6e2+zmall |Third order catchment. Weathered Tangihua . . an rEin events c3n mebllise slas valley bottom large area of native forest -
KAIKODS Moderate A . R High High inthis catchment. Ensure slash Moderate |, Yes 503 ogver 3 years
areaof Gels |wolcanics, with well defined valley floors = farmland in headwaters
removal from waterway.
Walley fl tland and fi it lley botts tland Geol d short
KAIKOOS Moderate Ee7 Small 1st order catchment Moderate Moderate sleyTloorwetiand andfores valieybottomwetian Moderate _EDD;V“ =ne! No
boundary and farmland distance to boundary
Small Znd order catchment with large area of LFWEHEFEVStrEEm possible slash valley bottom .
KAIKDOE Moderate 6e7 R Low Low discharge onto farm through Low small production area No
native farmland
boundary.
KAIKOO7 High Eeld Small catchment with native regen Low Low NfA NfA Low all native forest No
Small second order catchment flowing into the . .
Tangowshine. Tangihua bazalt, 7el on upper=slope Slash movemant possible but unlikely Floodplain in forest offers
KRKADDL Moderate 7eland e2 = o " Moderate Moderate to leave forest due to lower gradient  |Farmland Moderate " X Mo
reducing to 622 lower slopes and 4et valley . . . ability to control debris
alluvial floodplain within forest.
bottom.
Multiple streams first to third order flowing into the Low gradient but levels cangetup - -
Mangakahiz River. Western facing steep catchment guickly duringlarge rain events and significant collegial slope
KRKADD2 High 7eland &7 = ) = X Moderate High = Murray Road Moderate |between high risk and Yes
gbove Murray road. Lower colluvial slope adjacent move slash onto neighbour, remove stream
to Murray road slash offfloodplain.
KR o High £elE and Ee2 Twurnain :atl:hl'.nel'!tsdraininguﬂdeepl\,rweathed Moderate Moderate Barrier Road culverts and small I'da!'ae adjacenttoTe Moderate .r:'»lash and flood mitigation Ne
= tangihua velcanic hillcountry. wetlands above forest boundary Maire Stream invalley wetlands
Internal forest wetlands above and
Four tributaries of Mangakahia. Tangihua baszalt. below Barrier Road. Low gradient but .
. R . . Floodplain above
o - . |Mumerous small, steep catchments. 6el6 on upper - levels can get up guickly duringlarge  |Farmland immediately | ., . i . -
ifi
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Melton Ratio

e Catchment relief ratio
e Meltonratio=H/VA

* H= watershed relief (elevation
difference top to bottom)

* A = watershed area

Melton Ratio Debris flow susceptibility ,
- -
LA 2
on ratio (BCG)
<0.3 While debris flows are unlikely to occur they <03
cannot be ruled out. 03.08
> -~, e 06+ 09
0.3-0.6 It is fairly likely that debris flows can occur . ' - .09
DAV )
oA 1758
>0.6 It is very likely that debris flows can occur
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Landcare Research

Risk Matrix for storm initiated landslides (Gisborne Region)

Susceptibility: Geology, slope & channel factors

Hard rocks

Soff roecks

Fephre manffed HC

Rainfall/probability

Frequency

Likelihood of Landslides entering streams

Majority of slopes >3%
Connected to high
convegance channel
Melton ratio >0.6
Mo floodplain or option to
mitigate

Majority of slopes > 30
Connected vo high
convegance channel
Melton ratio >0.6
No floodplain or option
1o mitigate

Majority of slopes »25
Connected to high
conveyance channel
Melton ratio >0.6
Change of slope convex
o concave cOmmon
Mo floodplain or option
to mitigate

> J0mmfhr intensities
AEP less than 0.1
> 130mm 124hr, AEP less
than 0.1
OR
specific locations in
region

Has occurred at more than
once in last 5-10 years

Almost certain

Majority of slopes 25 to
35"
Connected to high
convegance channel
Melton ratio >0.6

Majority of slopes 20 to
30"
Connected to high
convegance channel
Melton ratio > 0.6

Majority of slopes > 25"
Connected to high
conveyance channel
Melton ratio > 0.6

> 30mmihr intensities
AEP less than 0.1
> 130mm 24hr, AEFP less
than 0.1
OoR
specific locations in
region

Has occurred but no more
than once in last 15 years

Likely

Majority of Slopes 20-25"
Not connected to high
conveyance channel
Melton Ratio 0.3-06

Majority of slopes 20 to
30"
Mot connected to high
conveyance channel
MR 0.3-0.6

Majority of slopes < 20"
Not connected to high
conveyance channel
MR 0_3-0_6

> J0mmihr intensities
AEP less than 0.1
> 130mm {24hr, AEF less
than 0.1
oR
specific locations in
region

Records or local
knowledge indicates an
occurrence in last 30 gears

Unlikely

Majority of Slopes <20"
Not connected to high
conveyance channel
MR 0.3-0.6

Majority of Slopes <20
Not connected to high
convegance channel
MR 0.3-0.6

Majority of Slopes <20
Not connected to high
conveyance channel
MR 0.2-0.6

> 30mmdhr intensities
AEF less than 0.1
> 130mm f24hr. AEF less
than 0.1
oR
specific locations in
region

No record of it having ever

occurred in last 50 gyears

Rare

Figure A3 Screen shot of the susceptibility factors leading to the likelihood rating
Midarnuine inivestiert rdliidgeliielit
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Consequence of landslides (entering streams) --> debris flows

No roads or buildings on
floodplain <« 5 km below
site No-one affected

Rarely used [« monthly)
access tracks or buildings
ezist on floodplain < 5km

below site Minor
inconvenience to a few
people

Infrequently used [« weekly)
access tracks or buildings
ezist on floodplain
< 5 km below site
Inconvenience to a few people
Low potential for injury -first
aid treatment

Regularly used [daily) tracks
or buildings ezist on floodplain
<5km below site
Inconvenience to several
people Moderate Injury
potential — treatment by
medical practitioner

Dwellings directly below site
without reliable mitigations
[barriers)

High risk of major injury or
Fatality

Property (buildings,
bridges)

No roads or buildings in
floodplain < 5km below the
site: Nothing affected

« 2 properties below ALL
sites within the catchment to
be harvested over 4 yi period

AND
only fence lines and Farm
tracks likely to be affected
Public roads not impacted

< B properties below ALL sites
within the catchment to be
harvested over 4 gr period
AND
bridges and farm buildings
possibly affected
Public roads unlikely to be
impacted

»5 propernties below ALL sites
within the catchment to be
harvested over 4 yr period

AND
bridges, roads and farm
buildings likely to be affected
Public roads likely to be
impacted

Presence of buildings or
infrastructure directly below the
site with no 1eliable mitigation
awailable: significant potential
damage Public roads closed

No soil or debris from the
site has potential to
directly enter streams or
marine environment

Soil and debris from the site
could directly enter a stream
ol receiving environment
Low level of impact on
channel or receiving
environment

Soil and debris from the site
could directly enter a
permanent sktream or receiving
environment Moderate level of
impact on channel or receiving
environment

Soil and debris from the site
could directly enter a high
value stream or receiving

environment
High level of impact on stream
Of Teceiving environment

High walue receiving
environments directly below the
site where ecological loss is
reasonably egpected to occur
[dead Fish, major impacts on bed
of stream or sea)

Only routine maintenance
within forest required

Routine maintenance within
forest required

Some action taken to assist
clean up outside of forest

Targeted actions taken to
clean up within and outside of

Significant contribution to clean
up costs

[contained within forest

Unlikely to trigger an internal
incident report

Triggers internal incident
report
Some reputational risk

Neighbour!council response
Moderate reputational risk

Economics <NZD$10,000 cleas wp >NZD%$10,000 clean up costs | >NZD$10,000 clean up costs Forest Potential ‘uf HNZD $250,800 of
costs No Legal liabilit No Leqal liabilit »NZD$50,000 clean up costs ofisitg damages
Mo Legal liability 9 3 9 s Legal liability moderate Legal liability high
A few landslides visible to Numerous visible landslides Videspread visible landslides Conseguence of
Mothing visible from ublic and no debris flows and ocecasional debris flows and several debris Hlows landslidesidebris flows at this
- nei M"gm's or public p[ccmtained within forest) across private land across public or private land location is likely to generate
Reputation 9 p EMS triggered Regional concern and adverse

media
High reputational risk

Archaelogicalfcultural

No archaeological or
cultural sites of
significance present
Impacts on mauri low

Unknown archaeological or
cultural sites of significance
present Impacts on mauri low

Presence of cultural sites of
significance directly below site
with reliable means of
mitigation available Potential
impacts on mauri

Presence of cultural sites of
significance directly below site
with some reliable means of
mitigation available. Likely
impacts on Mauri

Presence of fultural sites of
significance directly below site
with no reliable means of
mitigation available. Certain
impacts on Mauri

Insignificant

Negligible

Moderate

Extensive

Figure A4 Screen shot of the consequence factors leading to the severity rating

rrer
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Significant
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Insignificant

Negligible

Moderate

Figure A5 Screen shot of the relationship between susceptibility and severity to give rating of negligible to high

risk (green, yellow, orange, red)

i1l Manulife Investment Management
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Land and Water Scignce

S-PALss Inherent Susceptibility

Mass Wasting

Very low
Low
Moderate
High

Very high

Depositional Zones

||

Very low
Low
Moderate
High

Very high

A

0
L

Rank the susceptibility of families and classes within a family
according to AGRS spectra (weathering), TR, satellite imagery
and association with key geostructural settings.

Includes sediment source




Climate

Rosser et al. (2019) Uawa 250 mm in 24 hours = 10 mm/hr

Beetham & Grant (2006) Hikuwai #4 maximum intensity 34 mm/hr

Maximum 1 hour accumulation Mangaheia 66.5 mm

RR Maximum 1 hour 60-70 mm = 60-70 mm/hr average intensity

RR Maximum 3 hour 140-150 mm = 46-50 mm/hr average intensity

Cave (2021) Uawa-Waiapu Maximum 3 hour 80+ mm = ~30 mm/hr average intensity
RR Maximum 6 hour 180-190 mm = 30-32 mm/hr average intensity

RR Maximum 24 hour >200 mm = 8 mm/hr average intensity
Beetham & Grant (2006) Maximum 48 hour 320 mm =

O % 0X%%0 ®

intensity 6.7 mm/hr

1000
y = 97.045x0-562
R = 0.5974 ¢ Mutliple LS
100 . Single LS
* : - ' s, Landslides will always occur
™~ r =~ - * : . . +* .._
= S~ v B i - “‘ ~ * '
L) )
EP RRRERAE P S ieM A
E - o.:-’.:.- . om o o S
.;: .\__ ~,- e ’e g . :-..,_
A Landslides may occur ¢ e g = . .
S 4 - .. L Landslides will
€ T likely occur
y = 23.148x0709 * R
RZ2=0.6299
0.1
1 10 100 1000

Duration (hrs)
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Rosser et al 2020:

* From analysis of 1029
landslide triggering
rainfall events 1875-
2019

e 10hr duration storm

with intensities
>20mm/hr will
always trigger
landslides
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Tools In the tool box

e Catchment risk assessments

* Harvesting methodology

* Developments to reduce breakage

e Catchment clearance limits

* Removing non-merchantable material from high risk slopes
* Slash traps

* Replanting — species, stocking rates, retirement/setbacks

........... but there are limits to what we can control!
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Things that are within our control.....

* How we operate in high risk catchments
* How we respond to events:

* Proactive communication - regulators and community
* Assistance with clean up — don’t wait to be asked!

* Complying with consent conditions (all of them!)
* Where we plant - and replant!

i1l Manulife Investment Management
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