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Using Carbon Reforestation for Water and Environmental Restoration
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Abdract: A range of environmenta problems induding loss of biodiversity, desertification, and compromised water quaity persst
across many arid and semi-arid environments despite a good technicd understanding of both the processes involved and likely
solutions.  Reforestation is an emerging method of carbon mitigation and this carbon investment may thus provide a means of
addressing these environmenta problems and achieving landscape scde changes. A possible negative outcome of large scae
land-use change may be depletion of food production.  In south-western Audtrdia severa goproaches have been used to integrate
carbon mitigation with food production and to vaue the various environmentd services (eg. water qudity and yield, carbon
mitigation) produced from reforestation.  This paper describes three case udies: (1) alarge-scade commercid carbon reforestation
scheme project which integrates strips of eucalypts with cered farming, (2) reforestation of sdinized and abandoned farmland and (3)
watershed scae modeing thet uses an exiging hydrologic modd to predict water yidd and quality impacts of reforetation.
Although reforestation isaso likely to result in other environmental benefitsthese are often not vdued.  In contragt, where hydrologic
modeds exig, these dlow the vauation of water benefits.  In the latter example, the vaue of severd products of reforestation (wood,
carbon, weter) were assessed and compared to the value of products from the existing farming system.
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1. Introduction

Severd goproaches can be taken to reduce overdl carbon
emissons, incduding increesing energy  efficiency,
replacement of fud sources, renewable energy and land-use
change (Pacdaand Socolow, 2004).  One form of land-use
change is reforestation of farmland, and this can be used to
achieve carbon mitigetion, via ether sequedtrdtion or the
replacement of fossl fuds  Sequestration is encompassed
in Artide 3.3 of the Kyoto Protocol (Schlamadinger and
Karjdanen 2000) and features as a activity in severd
nationa and voluntary emissionstrading schemes.

There are severd intractable environmenta problems in
semi-arid aress that can be managed through reforestetion,
incduding hydrologic imbaances resulting in sdinization,
s0il eroson, biodiversty loss from overgrazing and
deterioration of water qudity. In many jurisdictions, there
is insufficient capitd to implement the changes that are
necessty. The scde of future carbon mitigation
invesment may be large, and herein lies an opportunity to
use carbon reforestation to tackle water and environmentd
problems a a landscape or regiond scde (Harper € al.
2007). This andyss evaduated the economics of carbon
sequestration and suggested it could take the form of forests
established to restore landscape hydrology, windbresks to

control soil eroson, and plantings to enhance biodiversity
and provide habitat for loca fauna.

Two emeging issues however require specific
condderation. Thefird isthe potentid for negative agpects
of large-scale carbon reforestation, including the competition
for farmland and thus food production.  This replays some
of the debates which have occurred in the past with
reforestation and the reduction of water yidds from
waersheds (Cader, 2005). This discusson has been
paticulaly strong in Audrdia (Mitchdl and Harper 2011).
One approach is to condder integrating trees into farming
systems (Harper et al., In Press) so asto maintain both food
production and achieve carbon mitigation, or to use
abandoned or low vaueland (Sochacki et al., In Press).

A second issue is of vduing the co-benefits and
drawbacks from reforetation. If reforedation achieves a
range of outcomes, it can be argued that it isinequitable that
only the carbon should be vaued, and that the other benefits
are not vaued. Smilarly, the costs of not undertaking
regorative action can a0 be vdued. An economic
framework should provide a bass for rationa decison
making and payments for environmenta services (PES) isa
rapidly evolving area (Codtanzaet al., 1997; Barbier, 2007).

In this study we describe the approaches to these
problems — optimizing and vauing carbon mitigation, food
production and water and environmenta co-benefits — that
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Fig.1. Location of the three case sudy stes (1-3) across the
south-west of Western Audralia.

infertile soils, a Mediterranean climate and the accumulation
of sts within deep regolithic profiles In this region,
extengve deveopment of land occurred in the period
1950-1980, with this involving the remova of naurd
eucdypt dominated vegetetion and its replacement with
dryland farming sysems. These involve cered cropping
(wheat, barley) usudly in rotation with grazing systems of
annud legume based padtures (Burvill, 1979).  An
extensgve range of land degradaion problems have
developed, including sdinization as a result of an induced
hydrologic imbaance (Peck and Hatton 2002), wind erasion
(Harper & al., 2010), and biodiversty loss (Myers ¢ al.,
2000). The approaches developed here are gpplicable to
other semi-arid areasin theworld.

2. Methods

Three case sudies are examined. These occur within
three didtinct areas of the agriculturd zone of WA (Fig. 1).

2.1. Casedudy 1- Carbon mitigation usng agroforestry
grips.

One gpproach to achieving both hydrologicd benefits
and carbon sequedtration is to establish grips of trees across
the landscape, with the continuation of food production, in
this case cropping, between the tree strips.  Severd short
dature eucdyptus pecies, termed mdlees, are used in a
system that was initidly developed to provide a means for
the hydrologicad management of sdinity (Robinson et al.,
2006).

Kansa Electric Power Company engaged KANSO
Technos to undertake a reforestation project through the Qil
Mdlee Company of Audrdia as an agent in the Kdannie

region of WA (Fig. 1). This project has involved the
esablishment of 10-20 m wide strips of mdlee eucadypts
interspersed with cered cropping of varying widths in an
areawith around 300 mm/year annud rainfal. Theamsof
the reforedation have been to abae greenhouse ges
emissons through sequestering carbon in long-term (>30
years) environmentd plantings.

Three species of mdlee eucdypts (E. kochii sop.
plenissme, E. loxophleba spp. lissolphloia, E. horistes) were
established in June 2003 across 30 discrete farms, with 893
ha in totd. Trees were measured in June 2010 usng
permanent forest sampling plots.  Tree attributes measured
induded height and diameter of gems. Biomass and
sequestered  carbon were  estimated from  proprietary
dlometric equetions.

22. Case dudy 2 - Carbon mitigation and repair of
abandoned land.

Large aress (potentidly over one million hectares) of
land have become sdinized acrossthe region, and theland is
no longer used for agriculturd purposes. This project
involved the establishment of severd sdt-tolerant specieson
a sdinized area near Wickepin (Fig. 1). The ams of this
reforestation have again been to achieve carbon mitigation
viaether carbon sequestration or the production of biomass
for co-firing for dectricity production, and the stabilization
of snils and hydrology in the salinized area (Sochecki et al.,
In Press). Howeve, it is conddered unlikely that such
reforestation will restore hydrology (George et al., 1999).

2.3. Case dudy 3 - Carbon mitigation combined with
improved water quality.

The impact of reforestation on water supplies is often
condgdered in terms of impacts on water yidd. In specific
cdrecumgances, such as the redordtion of <dinity,
reforestation will improve water qudity to the extent that
previoudy unusable water can be utilized.

The study (Townsend et al., In Press) used as an
example the Warren-Tone, alarge (408 000 ha) agriculturd
watershed with between 500 to 700 mmiyear annud rainfall.
Around a quarter of this catchment (105 000 ha) had been
previoudy deared, with 25 000 ha subsequently reforested
with pulpwood (Eucalyptus globulus) plantations.  Water
yield and qudity outcomes of various reforestation scenarios
were estimated usng LUCICAT a cdibrated hydrologica
model (Bari and Smettem, 2006). A hydrologicad-land
-use-economic mode was condructed, and as described in
Townsend et al. (In Press), this dlows the costs and benefits
of different land-uses to be examined & a whole watershed
levd. This bundled payments for various environmentd
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Fig.2. Mean carbon sequedration (t CO-eha) of the three
eucalypt mallee goecies after 7 years of growth at
Kalannie (Casestudy 1)

savices (PES), and externdities, following reforestetion.
These induded edtimates of returns from water, wood and
cabon and comparisons with the exiding agriculturd
production.

3. Resultsand Discusson

3.1 Casedudy 1- Carbon mitigation usng agroforestry
grips

The mean tree height a seven years across dl plots was
2.06 m, this exceading the forest digibility requirement of
Kyoto compliant forests  The average current stocking was
1709 trees’ha, down from the mean origind stocking of
2378treesha  Mean biomass across dl steswas 14.9 dry
t/ha, and estimated carbon sequedtration 27.3t COx-elha

There was marked variation in the mean performance of
the different eucdypt species, with E. loxophleba spp.
lissolphloia having amean yield across dl Stesof 424+ 0.7
t CO,-elha, compared to vaues of 23.6 + 0.7 t CO-ehaand
230 + 0.3 t COehafor E. kochii op. plenissma and E.
horigtes, respectively (Fig. 2). There were dso marked
differences in both biomass accumulation (0.1 - 429 dry
t/ha) and carbon sequestration across Stes (range 0.1 - 78.7 t
COx-eha). Thisstyle of reforestation is relatively new and
these results suggest that further exploration of the different
ratles of sequedration between gecies and with Ste
conditionswill be profitable, particularly asthese agpects can
be managed.

32 Case sudy 2 - Carbon mitigation and repair of
abandoned land.

A range of factors dgnificantly affected both carbon
Sequedtration and biomass production on the sdinized ste
(Sochacki e al., In Press). These indude hydrologicd
conditions such as sdinity, site factors such as dope position
and soil propertiesand arange of silviculturd factorssuch as
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Fig.3. Mean carbon sequestration (t COxeha) of Eucalyptus
occidentalis planted at 2,000 treesha at Wickepin (Case
sudy 2).

species, plating density and age of the plating. High
dendty (2,000 trees’ha) plantings of Eucalyptus occidentalis
produced amean of 37 t/haof dry biomass (equivaent to 68
t CO-e/ha), eight years after planting (Fig. 3). Continued
mitigation is expected as the sands meture, assuming that
growth is not affected by the accumulation of sdt in the soil
profile (Archibad et al., 2006).

The same principle of using reforestation to both achieve
carbon mitigation and land repair dso gpplies to lands that
have been dameged by eroson, over-irrigation or
contaminated by pesticides; utilization of such land could
thus represent a mgor contribution to globd carbon
mitigation without competing with food production.

33 Case dudy 3 - Carbon mitigation combined with
improved water quality.

A hydrologica modd (LUCICAT) was used to define
the rdationships between reforestation/deforestation and
water yield and qudity, thus providing abasis for vauing the
hydrologicd benefits of reforestation.  Various land-use
change scenarios were examined, with these suggesting that
70% reforestation was required to restore stream sdlinity to a
potable threshold of 500 mg/L totd dissolved sdts (TDS)
(Townsend et @, In press).  Although it was estimated that
this would reduce annua water yields from 260 GL/year to
237 Gl /year, a response reported in other watersheds, the
important digtinction hereisthat water would berestoredto a
poteble condition and thus have vdue.  Economic
modding suggested thet the sdle of 100 GL/year of water at
AUD$150,000/GL would result in a net water vadue of
$285/halyear.

Reforesation was unprofitable when only wood
revenues from reforestation were considered, with adiscount
rate of 9.5% but was profitable a lower discount rates and
with carbon prices of a least $26 t COe  Additiond
income would come from the sale of timber and carbon, and
the bundled return from timber, carbon and water is more



Tablel. Agricultural returns and externalities and forestry
returns from both timber and carbon (AUD$halyear)
in the Warren Tone watershed (Case gudy 3). Net
Present Va ues were cd culated with adiscount rate of 7%%.

Returs($halyes) Amud rairfall (mmiyesr)

8
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Extardlity (sdlirity) codsof agicuiture
Netvaluedf agricuitre
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Waterreum
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Net bendfit of foresry over agriaLiture

profitable than the exigting agricultura system (Table 1).
The sde of poteble water following reforesation could
provide a new source of income for landholders, on the
proviso that there is enough reforestation across the
watershed to reach the potable threshold.

4, Conclusions

Wheress cabon reforestation can provide carbon
mitigation, different gpproaches such as using gtrips of trees
or abandoned land, may dlow integration with exiding
agriculture.  This reforegtation is dso likdy to result in
other environmenta benefits.  There dso gppears to be
consderable potentid to increase the efficiency of mitigation
viagpecies and Ste selection and silviculturd practices.

Environmenta benefits are often not brought to account,
mainly because of difficulties of vauing land repar and
biodiversity restoration.  Both represent a future chdlenge.
In contrast, where hydrologica models exig, these provide a
means of vauing potable water benefits both within specific
watersheds but dso as a tool to evduae different policy
options.

Bundling of the multiple environmental outcomes of
reforestation o appears promising; in this case markets are
required for each of the bundled components.  Importantly,
the carbon mitigation debate is often framed in terms of
impacts on food production, wheress water and fiber are dso
essentiad commoditiesthat are produced from the land.
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