Forestry in steep eroding hillcountry:

the good, the bad, and
what the science says (30 mins)

Chris Phillips

Presentation to Northland Forestry Forum, Northland Regional Council, November 17, 2014
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Myths

Erosion # sediment yield

Bare ground # erosion

Surface erosion is important

New tools & technology will give us the answers
Modeling will give us the answer

New Zealand is different

We can mitigate & manage for all eventualities
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The facts

Erosion is natural —it’s the rate that’s impt.

New Zealand is an erosion-prone, risky place

Mass wasting >> surface erosion

Erosion leads to loss of soil natural capital = S
Sustainability is a time-bound construct

There is no “one size fits all” tool to assess/manage
New Zealand is different — sort of

We can’t mitigate/manage for all eventualities
Nature always wins



What the science says - 5 lessons
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Our research
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Outcome:
* Improved ability to model role of vegetation in landscapes
Improved understanding of effectiveness of mitigation measures

Improved land management practice & policy
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The way it was - historical period

Erosion processes
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Marden et al. (2014). Erosion process contribution to sediment yield before, 10-years, and
28-years dfter the establishment of exotic forest:Waipaoa catchment, East Coast region,
North Island New Zealand. Geomorphology.
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Phillips CJ, Rey F, Marden M, Liébault F (2013) Revegetation of steeplands in France and New




East Coast — best or worst example?




but not everywhere
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The Trees came back

Hawke’s Bay 2010
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again not everywhere



Weak geology/thin soils + lots of rain + steep Weak geology/thin soils + lots of rain + steep
slopes = many landslides/debris flows slopes + trees = few landslides




Why forests do good

“The greatest benefit of
plantation forests is in reducing
shallow landsliding, the most
common and extensive form of
mass movement in New
Zealand.” - LR Basher

Basher LR (2013). Erosion processes and their control in
New Zealand. In Ecosystem Services and Trends in New
Zealand. Dymond, J (Ed), Manaaki Whenua Press, Lincoln.




Shear force
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How forests work to prevent shallow landslides

Increased shear

displacementI

Soil with
roots

Increased
strength

Soil without
roots

Shear displacement

Phillips CJ, Ekanayake JC, Marden M (2011). Root site occupancy modelling of young
New Zealand native plants: implications for soil reinforcement. Plant Soil 346 (1-2):
201-214

Ekanayake JC, Phillips CJ (2002). Slope stability thresholds for
vegetated hillslopes: a composite model. Canadian Geotechnical
Journal 39: 849-862.




When forestry goes bad?

What happens when the trees are harvested?

Briefly to summarise .........

Harvesting and re-establishment of
plantations focussed on steep lands

Wood coming on stream from these forests

Concerns about risks from extreme weather
events — some problems

Things change when trees are removed — it
is a natural and well anticipated response

Is more public education needed?
Can nature be managed?

Phillips C, Marden M, Basher L (2012). Plantation forest
harvesting and landscape response - what we know and what we
need to know. New Zealand journal of forestry 56(4): 4-12




Post-harvest consequences

Forester
denies

flooding
liability

Horner M(2012). After the storms-a case study in risk reduction
New Zealand journal of forestry 56(4): 13-15




Slope thresholds & time

Long term pre-conditioning of
upland slopes reducing material
strength

Short term increase in shear
stress (e.g. intense rainfall event)

Shear strength, Shear stress

Long term increase of shear
stress (e g. prolonged rainfall)

Short term change in slope
conditions

Change In slope conditions

Change stresses acting on
the slope

Point where failure will occur
(i.e_ shear strength = shear
stress)

Time

Decades to centuries

Nettleton IM et al. (2005). Debris flow types and mechanisms.
Chapter 4 in Scottish Road Network Landslides Study.
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Slope thresholds & time

What happens to the thresholds when we harvest the trees?
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Landscape thresholds have been realised in these localities — shear stress > shear strength

Type 1 Failure Type 2 Failure

Oraukau Native slips Canna Road Otaenga

Q: Can this be managed? Q: Did the road cause the failure?
A: No. Natural response. A: Probably not. Incipient slump.



Landscape thresholds have been realised in all these localities — irrespective of cover

Same processes,
different land covers
= Nature at Work

Can this be managed? NO
This is landscape adjustment

Reserve Rd Pipiwai
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Number of
landslides
increases as
slope increases




% of slope class occupied by scars
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Pohangina unconsolidated sandstone

Slope

Geology is a key driver of shallow

landslide-slope relationship

% of slope class occupied by scars
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De Rose R (2012) Slope control on the frequency distribution of shallow
landslides and associated soil properties, North Island, New Zealand. Earth
Surface Processes and Landforms 38(4): 356-371.




Number of
landslides varies
with age of
cutover and age
of vegetation
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Soil loss (m3ha')

Average slip density - Cyclone Bola
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Marden M, Rowan D (1988) Protection value of different vegetation types in
the east coast region after Cyclone Bola. Forest Research Institute Report.

Marden M, Phillips C, Rowan D (1991) Declining soil loss with increasing age of
plantation forest in the Uawa catchment, East Coast region, North Island, New Zealand.
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Landslides can

be related to

infrastructure
or not
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All storms are not equal

2 storms of the same magnitude hitting the same place will produce different
landscape responses.

The first maybe a slope forming event and the latter a channel forming event,
i.e. cyclic with feedback loops

Phillips C (1988) Geomorphic effects of two storms on the upper Waitahaia
River catchment, Raukumara Peninsula, New Zealand. Journal of Hydrology
(NZ) 27(2): 99-112.

Phillips CJ (1989) Geomorphic effects of Cyclone Bola 1988 a note. Journal of
Hydrology (NZ) 28(2): 142-146.




Is Northland different?

Yes and No
Landscape-shaping principles still apply

The Big drivers of landscape change are geology,
rainfall, slope — these are universal

Northland does have some unique features (Bob)
Clay contents likely to be higher
Receiving environments different E-W



__ Forests & sediment - Learning points

e

NZ pretty much like everywhere else

NZ is risky, dynamic — nature at work

Roading, landings & earthworks — tend to be biggies T
Before starting - Stand back - look at the big picture |
Everything is connected

We can make a difference —how much is the Q
Prevention better than cure — avoid generation

If it’s generated — disperse it and intercept it

No such thing as a free lunch — always trade-offs

Water (and soil) move with gravity — use it, disperse
it, catch it, understand it
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How much sediment produced from different operations?
Where does it come from? What processes cause it?

How long does it take to recover?

Where does the eroded sediment end up?

How much gets in the stream?

What can be done about it?

Does it matter?




Sediment generation

t/ha

Whangapoua Area Total
Forest (ha) Sediment
Coromandel (t)
Undisturbed 14.5 0
LD plots 15.5 16
DD plots 3.6 48
Scalped 3.6 1200
Landslide
(n=36) 0.4 600

Small area — big
contribution

Marden M, Rowan D, Phillips C (2006). Sediment sources and delivery following plantation harvesting in a weathered volcanic terrain,
Coromandel Peninsula, North Island, New Zealand. Australian Journal of Soil Research 44: 219-232..




Where does the sediment end Up.
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What’s the biggest source for sediment
entering the stream?

Process Sediment Area Sediment
generating site connected generated &
to stream delivered % of total
(ha) (t)
Slope wash Shallow dist. n/a n/a n/a
Deep dist. 0.18 2.9 2
Soil i Scalped
ol scraping P 0.18 60 26
(40 mm)
Landsliding Landslide source 0.07 (n=9) 165 ‘ 72 }
area
Totals All sources 0.25 227.9 100
Note:
roads not
measured Most landslides cannot be prevented, especially “mid-slope” failures
in this

Marden M, Rowan D, Phillips C (2006). Sediment sources and delivery following plantation harvesting in a weathered volcanic terrain,

stu dy Coromandel Peninsula, North Island, New Zealand. Australian Journal of Soil Research 44: 219-232.




Annual sediment yields — Cpt 49
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Land use & sediment yield — pasture/forest
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: Where | Annual yield
tkm2y?
Maimai (native) - West Coast 80 - 450 O’Loughlin et al. (1980) p— ——
Big Bush (native) - Nelson 18 - 44 Fahey (unpub) -_;:,g..‘_,; *G;
4 i Glenbervie - Northland 46 Hicks & Harmsworth (1989) é:’}' : \
| pakuratahi - Hawke's Bay 18 - 112 | Fahey et al (2003) | = = ;
| Motueka - various Nelson 21 >- 148 Hewitt (var’ious 2001-2002) _,«:;q?."?
‘| Blue Mountains - Otago 16 Duncan (2012) o8
Coromandel - Whangapoua - 59 - 116 Phillips et al (2005)
Coromandel - Opitonui 10 - 279 Wild & Hicks (2005)

,_ Phillips CJ, Marden M, Rowan D (2005) Sed:ment yleld followmg plantat:on harvestmg, Coromandel Peninsula,
North Island, New Zealand. Journal of Hydrology (NZ) 44(1) :29-44.
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dl Basher LR, Hicks DM, Clapp B, Hewitt T (2011). Sediment yield response to large storm events and forest harvesting,
B Motueka River, New Zealand. New Zealand Journal of Marine and Freshwater Research 45(3): 333-356.
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Try & stop sedlment being geﬁérated (csﬂgt reduce to zero)
Disperse it and catch iton stqpe befor‘gdt gets concentrateg.
‘Break the connection - mtercept it befere it gets to streq
Accept at harvest sedlment yields will rise — bare & H20

Get good numbers marﬁe investigations on what workS' )

).‘v‘.

Be pro-active rather tlﬁn reactive — try, share & Jhen teII



Does surface cover reduce sediment
generated from bare areas?




Slopewash & surface cover
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Fig. 8. Plot-scale regression analysis of the telabonship between
slopewash generation and percent vegetstion cover on deep-disturbange
sites, Compartment 43, Whangapous Forest, The relationship was
negative and non-significant (F) (=183, P=0.200)

D04

0042 ¥=—00M0EEy - D00ET

A =02840
I:I.l'.'H' |"F=12

0.008 A
HRLIE
0.204

00024

Sedimentation rate [Q/m=mm rain.day)

0 W =20 I 4 50 e W 8D
Per cent vegetaiton cover

Fig. & Plot-scale rezression analysis of the relstonship between
slopewiish pemenition ond percent vepelation cover o shallow-
disturbance siles. Compartment 43, Whanpepous Forest.  The
relationship wos negatee and significant for shallew-disturbance sites

(Fja=618 P=0.032)

Yes, surface cover reduces sediment generated from bare areas, but...

In the context of a forest setting, more effort has been devoted to reducing slopewash
than to any other form of erosion because it is the most easily controlled. The results of
this and other studies, however, show that slopewash is the least important of the

erosion types found in a forested setting and a relatively minor contributor of sediment

to streams.
- Marden et al (2006)

Marden M, Rowan D, Phillips C (2006). Sediment sources and delivery following plantation harvesting in a weathered volcanic terrain,
Coromandel Peninsula, North Island, New Zealand. Australian Journal of Soil Research 44: 219-232.




Vegetation recove

Marden M, Rowan D, Phillips C (2006). Sediment sources and delivery following plantation harvesting in a weathered volcanic terrain,
Coromandel Peninsula, North Island, New Zealand. Australian Journal of Soil Research 44: 219-232.




Vegetation recovery
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Marden M, Rowan D, Phillips C (2006). Sediment sources and delivery following plantation harvesting in a weathered volcanic terrain,
Coromandel Peninsula, North Island, New Zealand. Australian Journal of Soil Research 44: 219-232.




Sediment generation - plots
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Marden M, Rowan D, Phillips C (2006). Sediment sources and delivery following plantation harvesting in a weathered volcanic terrain,
Coromandel Peninsula, North Island, New Zealand. Australian Journal of Soil Research 44: 219-232.




Roads & earthworks

Historically, roads (and
landings) were the operation
that gave the industry a bad
name. Generally, engineering
practices better now — BUT
things still go wrong.




Roads & landings used to be the key problem — better engineering has improved this greatly

NEW ZEALAND FOREST
ROAD ENGINEERING MANUAL

NI FOREST OWNERS ASSOCIATION INC




Roads & E Works —what we cando—-1,2,3

1: Look to see 2:Try-and trap it.
where the water : A

NEW ZEALAND FOREST
ROAD ENGINEERING MANUAL
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- Sediment trap full

“Huge” natlve buffer

-

Very steep topography into stream ~




% Coarse sediment drops out

7~ but sediment will often go
3 /& through the buffer into stream




- Bare areas generate sediment

HiQAhly'f\-A(.ea{‘hered matenals Ay S

~ Easy to erode e LT s

~ Hydro-seeding doesn’t work well here
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Sediment will often go
through the buffer into stream

Slope is a key factor

Micro-topography also impt.



Slope <15
Buffer > 20m
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E&SC methods

from urban earthworks — applicable?

Thinking & Planning — ha\}ing one! FCOP & Roading manual.

Water control — don’t mix clean and dirty, bunds, channels,
flumes, cutoffs, water bars, etc

Covers — mulches, fabrics, blankets hydroseed, compaction,
chemicals, etc

Interceptors — surface roughners (across slope), slash, silt
fences, hay bales, sediment traps, sediment ponds, check
dams, filter strips, etc

Principles apply — use/cost/performance may limit
effectiveness

If slopes steep, landslides probably >>> than other processes
— E&SC methods often window-dressing and green wash!

o -



Erosion # dirty stream water & sediment yield

Not all bare areas generate sediment or are impt. for sediment yield

Delivery usually happens in first rain storm for scalped or DD areas

Most surface sediment is generated in first 12 months - surface tends to crust reducing generation
Vegetation recovery isn’t fast enough to affect most sediment generation on bare areas

Lot of redistribution of sediment downslope of source — slash and micro-topography catch it
Surface erosion contribution is small compared to landslide & scalping

Hydro-seeding needs to be done immediately after bare areas created to have much effect — can
this be achieved in practice?

Annual post-harvest SSY across NZ - 10’s -100’s t/km?/y

Connectivity of source to streams THE most critical factor for SSY

Slope is 1° control on sediment delivery — not vegetation

Roads, landings & earthworks better now than past

Riparian buffers are not the panacea many think they are

Increased sediment yield at harvest time is a fact of life!

« ltis all about re-adjustment in the landscape to new conditions, ie without a forest

Question: can we improve on this?

Yes — small gains from improved source control & runoff management — it will cost, ..... BUT

W||| NOT be able to stop all sediment nor most landslides from occurrlng (Nature)
o 1o, '-'"'Am'*"'« hapid i Tr N ‘.‘* -
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What we now know

e Settlers shouldn’t have cut most trees down in our steeplands

e All NZ is susceptible to erosion — some places more than others
the landscape

* Nothing is static —it’s a dynamic landscape

* We can try to manage landscape response to the small events but

not the large ones - Nature always wins!

e Trees are important for reinforcing soils & can help manage risk &
reduce shallow landsliding & other processes in short to medium

term horizons

* Erosion control efforts need to be targeted — to process & place
* Sediment control needs to focus on generation not end of pipe
* We need better mitigation performance numbers

* To improve landscape resilience, we need more trees in our
steepland landscapes but maybe not blanket forests

Evidence &
e We need to continue to think catchments & connections — ICM
* A good conversation can bring about change

We can’t stop erosion:

how we live with it, and try to manage it is our choice



