Engineered woodlands are wide-
spaced tree plantings engineered to
integrate traditional agriculture with
income-producing trees. A whole of
paddock approach is taken to place
trees to maximise their benefits to the
landscape and minimise the impact on
paddock management.

r]fsenmcits R

e Shade and shelter for better
livestock, crop and pasture
production

e Better habitat for biodiversity

e |Improved soil nutrient cycling
and water use efficiency

¢ |ncome from timber and carbon
credits

e |Improved landscape aesthetics.

K69 features

Designed to produce multiple
products from both the
traditional agriculture as well as
the trees.

e The use of entire paddocks for
tree establishment minimises
fencing costs, and substantially
reduces establishment costs.

e Agricultural activity can continue
between belts once trees are
sufficiently established (within
1-3 years for most sites).

* Tree belts or copses (clusters
of trees) are established at
spacings to suit machinery,
pasture and stock management,
and are aligned to maximise

k microclimate benefits. J

What will encourage

more trees on Farms?

Ultimately, the wide-scale adoption
of trees on farms will be driven by
delivering clear benefits to the farm
business.

The engineered woodlands concept
grew from the realisation that

many farmers in the over-cleared
landscapes of northern inland NSW
were not revegetating their properties
to a significant degree. At least, not

to the degree required to reap the

real economic and natural resource
management benefits of an appropriate
level of tree cover.

To rectify this situation, evidence is
needed that trees can be integrated
into farming systems in a way that has
minimal disruption to agricultural cash-
flows in the short-term, and will actually
boost cash-flow and other economic
performance indicators in the medium
to long term.

This requires a careful consideration of
the benefits and costs of engineered
woodlands (benefits listed in the box on
the left).

What are the costs?

The key economic costs involved
in establishing and maintaining
engineered woodlands are:

Establishment costs - These include
ground preparation, purchase of
seedlings, planting (including guarding,
watering and fertilising), and post
planting weed control. Box 1 provides
a full list of costs at two engineered
woodland demonstration sites.

Fencing costs - These are largely
avoided if livestock are excluded from
the whole paddock during the tree
establishment phase. This is one

of the benefits of this tree planting
configuration, since fenced tree
plantings can be costly. If the grazing
resource must be utilised during the
establishment phase, then temporary
electric fencing can be used to allow
grazing between tree belts. This cost
varies according to fence design and
whether materials can be recycled when
the trees have established.

Management costs - If timber

production is an objective, some tree
pruning and thinning may be required
to improve timber growth and quality.

Below: Engineered woodlands can be integrated into the whole farm enterprise.
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Establishment costs varied considerably
across 16 sites planted as part of the
Engineered Woodland Project. This was
due to factors such as site design (e.g. row
spacing, number of rows, planting density
and hence number of seedlings needed);
effectiveness of weed control (particularly
residual herbicide applied pre-planting);
and early tree survival. Early tree deaths
on some sites dictated the need for re-
planting in some badly frost-affected areas.

Typically, the total establishment cost
ranged from $350-$700 per hectare. Table
1 shows the estimated cost components
for two of the sites.

Note: For the purposes of these cost
estimates, full contract plant, guard

and water-in prices were used for the

tree planting component. All other
activities (ground preparation and post
planting weed control) were costed using
estimates of material costs and landholder
and machinery time provided by the
landholders.

Materials tend to be the largest cost,
driven by the cost of seedlings and the cost

of contractors to plant, water and guard.
Site 2 had significantly higher post-planting
maintenance cost due to the higher level of
weed control required. At Site 1, the effect
of the residual herbicide was long-lasting
hence no follow up weed control was needed
in the first 12 months after planting. A
significant finding of the project has been
that post-planting weed control costs have
been much larger than expected on most
sites. For most cases, the residual herbicide
was not as effective as indicated for Site 1.

Below: Establishment costs at Site 1 and
Site 2 broken down into labour, machinery,
and materials/contractor costs.
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Table 1. Site establishment costs

Site 1 Site 2
(30 ha) (13 ha)
Planting bed preparation (landholder)
Markout site $250 $225
Knockdown spray $252 $114
Deep rip $510 $255
Chisel plough/mounder $850 $425
Fallow spray $252 $171
Apply residual herbicide $460
Disc plough mounder $425
(2nd working)
Planting costs (contractor)
Supply seedlings, plant, $8,008 $3,376
water, guard
Post plant maintenance (landholder)
Watering $270
Weeding/slashing/ $3,173
spraying
Fertiliser $615
TOTAL $10,582 $9,049
Cost per hectare $353 $696

Note: Labour was costed at $25/hour

J
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Often, one of the significant costs
associated with tree planting on farms is
loss of agricultural income from the area
where trees have been established. This is
called the ‘opportunity cost’, referring to the
lost opportunities for agricultural activity on
the area now under trees.

A primary objective of engineered
woodlands is to minimise this cost by
allowing agriculture to be re-introduced
between the tree belts as quickly as
possible. However, when the trees are
young, grazing may have to be excluded for
a period to ensure tree survival.

Typically, grazing properties of the northern
inland of NSW are conservatively stocked.
Therefore, in most seasons, the exclusion
of livestock from one paddock of the farm
may be accommodated by increasing
pasture utilisation slightly across the rest
of the property. This is best achieved if the
engineered woodlands paddock is small
(less than five per cent of the property). In
this case, there would be no cut in livestock
numbers across the whole farm and
therefore no opportunity cost.

However, there are cases when the
opportunity cost becomes a real cost to the

_

Pox2 - Opportunitg (_osts

farm business, such as in a drought year, or
on a farm where pasture growth is routinely
highly utilised. In these cases, the removal
of one paddock for several years for tree
establishment actually forces a reduction in
livestock numbers across the whole farm.

The graph shown illustrates an estimation
of opportunity cost on one of the
demonstration farms. On this property,
stocking rates were recorded on a control
paddock (no engineered woodland), and
an engineered woodland paddock. The
paddocks were of similar size (13.8 ha and
13.2 ha respectively) with similar pasture
and soil type.

In 2007, stock were excluded for part of the
year in the engineered woodland paddock
once ground preparation had occurred.
This resulted in a potential opportunity cost
of around $42/ha (or $554 for the entire
13.2 ha paddock). In 2008 when planting
occurred, stock were excluded for almost
the whole year, with a potential opportunity
cost of $152/ha ($2,006 for the entire
paddock).

This analysis illustrates the potential of
opportunity cost. This cost would only have
occurred if total stock numbers on the farm

~

had to be reduced due to the removal of
stock from the establishing engineered
woodland paddock. This was not the case.

The potential size of opportunity cost
highlights the need to undertake good tree
establishment. The faster the young trees
can be encouraged to grow, the quicker
livestock can be returned to the paddock,
and the lower any opportunity cost will be.

Below: Opportunity cost of engineered woodland
establishment on a cattle trading property

near Bingara. Figures are estimates based on
recorded carrying capacity (DSE/ha) multiplied
by Department of Primary Industries figures

on gross margins per DSE for a steer trading
enterprise.
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Pruning costs approximately $0.75/m/
tree pruned, and thinning costs
approximately $0.50 - $2.00/tree
culled depending on the size of the tree
when treated.

Opportunity costs - This is a cost that
can be experienced by graziers when
livestock must be excluded from a
paddock during the tree establishment
phase. Opportunity cost in its strictest
sense, is the livestock income that has
been foregone during the time livestock
are excluded from the paddock. Box 2
explores this in more detail.

Egects on the whole

farm business

Often, the economics of a farm tree
enterprise are analysed at the individual
paddock level. While this provides
useful information, what farmers

also want to know is, “If | add a farm
tree enterprise to my existing farming
system, what is the financial outcome
for the entire business?”

Unlike a block plantation, which

is primarily aimed at wood sales,
engineered woodlands can generate
multiple benefits that integrate with
other farming activities, as well as
produce multiple income streams.

™ conomic results for
a tg!:)ical farm

A whole farm financial model of a typical
New England grazing property was
developed to examine both the financial
implications of developing engineered
woodlands across the property, and the
returns from various benefits provided
by the trees (where these can be reliably
costed).

Note, no account was taken of other
less tangible benefits such as improved
landscape aesthetics, improved capital
value, improved habitat and biodiversity
and improved nutrient cycling.

Key features of the modelled farm are
listed (right).

Figure 1 shows how net farm income is
modified by the addition of engineered
woodlands to 25% of the farm (i.e. one
in every four paddocks). Two scenarios
are presented.

Scenario 1 assumes the farm is not
fully utilising all pasture on the property
at the time engineered woodland
planting commences. Therefore, stock
can simply be excluded from newly
planted paddocks until trees become
established, without reducing overall
farm stocking rates.

Tree establishment
costs initially
reduce net income
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K Figure 1. Net farm income with and without engineered woodlands over a 40 year \
time period and under two opportunity cost scenarios.
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Model farm
assumptions
Farm area: 1,347 ha.

Cattle: 125 head producing heavy
feeder steers.

Sheep: 2,330 head producing 19 micron
wool.

Engineered woodland area: 25% of
farm planted over 10 years (i.e. 2.5% or
35 ha planted per year in each of these
10 years).

Analysis timeframe: 40 years.
Benefits

Shelter: 10% improvement in lambing
rate, 50% reduction in sheep death rates
(assumes lambing and off shears sheep
are placed in paddocks with tree belts),
5% increase in cattle sale weights.

Carbon price: $25/tonne CO,_ (net
return to farmer).

Carbon volume sequestered: calculated
using the AGO FullCAM model for a farm
at Kentucky using blue gums.

Carbon trading: carbon credits in each
planting are claimed up to year 21—any
additional wood grown after that time
can be harvested for timber.

Timber yields: calculated from carbon
stored. Assume only 50% of timber has
commercial value.

Timber price: of the 50% commercial
timber, assume 40% is sawlog @ $50/
m3 and 60% is firewood @ $5/ms3.

Not taken into account: aesthetics,
capital value improvements, nutrient
cycling, biodiversity benefits.

Costs

Establishment cost: $525/ha (approx.
average of the demonstration farms)

Tree planting configuration: plant 200
stems/ha, two-row tree belts spaced
every 40 m, tree spacing at 2.5 m.

Tree pruning cost: $1.50/tree, only 30%
of trees planted are pruned.

Tree thinning cost: zero with this tree
spacing, may be up to $50/ha with more
stems/ha.

Opportunity costs:

Scenario 1: Zero as stock can use other
areas of the farm until trees establish.
Scenario 2: Stocking rate temporarily
reduced in proportion to the land under
establishing trees.

Tree harvesting impacts on shelter:
assumed to be zero. Only 30-40% of
trees are harvested, hence shelter
benefits remain.

Cost of tree competition with pasture:
assumed to be zero. Pasture production
losses directly under trees offset by
pasture production enhancements
nearby due to shading and shelter.



In this example, the majority of the
benefits from an engineered woodland
come from improvements in sheep
production due to shelter, and sales of
carbon credits which peak at around
$20,000 per annum in year 18.

The benefit from shelter adds some
$24,000 to net farm income by year 10
when most of the trees are established
and providing shelter. The relative
contribution of the various benefits, in
present value terms, on a per hectare
basis is shown in Figure 2.

( Figure 2. Financial impact per \
hectare of an engineered woodland over
40 years.
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Scenario 2 assumes that overall farm
stock carrying capacity is reduced
during the tree establishment phase.
This reduction is in proportion to the
area of land under establishing trees
each year (stock are excluded from each
new planting for two years).

Income is lower for several years as
fewer stock are carried on the farm.

As shelter benefits increase, improved
lambing and death rates mean more
surplus stock can be sold, which offsets
the loss of grazing area. After about

12 years, the level of stocking prior

to planting engineered woodlands is
achieved.

The final outcome is that after about
eight years, even with a temporary loss
of carrying capacity from tree planting,
net farm income exceeds the base case
where no trees are planted.

Thc bottom line

Engineered woodlands have the
potential to significantly increase farm
income, where certain conditions are
met. In order of importance, the factors
which contribute to additional income
over the 40 year period examined are:

1. Onfarms in northern inland NSW
where stock shelter is an issue,
improved livestock production
can be the major contributor to
improved net farm income—in this
example contributing 69% of the
additional returns (59% due to
sheep performance gains, 10%
due to cattle gains). This was worth
an additional $24,000 income per
annum after about 10 years when
a large proportion of the farm had
good shelter.

2. Carbon trading (using the
assumptions listed) contributed
30% to additional returns. This was
worth up to $20,000 per annum at
the peak of tree growth.

3. Timber sales contributed 1-2% to
total returns. Only three harvest
years were assumed and in each
year, these contributed $18,000-
$21,000 to net farm income. This
could be particularly useful in
drought years or years of low cash
flow, since timber harvest could be
delayed to provide extra income in
those years.

On average, during the 40 year
time-frame examined, establishing
engineered woodlands improved net
farm income by more than $27,000 per
year.

Appropriately designed large-scale
tree plantings can make a significant
contribution to farm incomes. If we
are to achieve the level of revegetation
that some scientists are demanding,
we can’t rely entirely on taxpayer
subsidised tree planting. Rather, we
need to use tree growing options that
deliver economic and environmental
benefits to the farm business.
Engineered woodlands are an ideal way
to achieve this.

(This Information Sheet was \
produced by the Engineered Woodlands
Project - an initiative of the Northern
Inland Forestry Investment Group.
Funding and support were provided by
the Border Rivers-Gwydir Catchment
Management Authority, Namoi
Catchment Management Authority, and

Southern New England Landcare Ltd.

Many thanks to the Taylor family of
‘The Hill', Kentucky who inspired and
pioneered the engineered woodlands

concept.

Further details of the Engineered
Woodlands Project can be found at
www.nio.com.au (follow the forestry

links) and www.snelandcare.org.au.

Researched and written by David
Thompson. Sketches by Jackie Bowe.

Layout and design by Karen Zirkler.
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