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Abstract

Large-scale reforestation will rely at least in part on private landholders who are motivated to
increase forest cover on their properties. Well-designed incentives can encourage landholder
adoption of reforestation within production landscapes, while delivering social, economic and
biodiversity co-benefits. Here, | draw on lessons from extensive research on barriers and
enablers to landholder adoption of tree planting, the growing literature highlighting the potential
benefits of assisted natural regeneration (ANR) for large-scale reforestation, and experiences
from a voluntary land-based carbon abatement (“carbon farming”) program implemented in
Australia since 2012, where tree planting and ANR comprise several approved reforestation
methods. Carbon farming projects to date have primarily adopted the ANR methods, yet program
outcomes have been undermined by increased deforestation elsewhere in Australia. Policy
uncertainty, the provision of co-benefits and the availability of trusted information are key
factors influencing landholder adoption. Incentives for reforestation must be underpinned by a
coherent and complementary policy mix which facilitates long-term participation and genuine

environmental outcomes.
Highlights
e Large-scale reforestation will rely on participation of private landholders
e Carbon farming has the potential to incentivise reforestation in production landscapes

e Assisted natural regeneration offers ecological and economic benefits over tree planting

in landscapes which retain regenerative capacity
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e Landholder adoption is influenced by co-benefits, policy certainty and coherence, and

social networks
e Incentives for reforestation must be underpinned by effective controls on deforestation
Introduction

The international community has committed to end deforestation and restore 350 million
hectares of degraded forest landscapes by 2030 [1-4], as part of agreements under the UN
Framework for Climate Change [5], UN Convention on Biological Diversity [6], and UN
Sustainable Development Goals [7] Translating such aspirations into on-ground outcomes will
require governance interventions which can support and motivate communities to participate in
forest protection and restoration [8,9]. The 2015 Paris climate agreement explicitly recognizes
the importance of financial incentives to deliver carbon and non-carbon benefits from forests [5],
and encouraged the 195 Parties to the Convention to implement and support such forest
governance approaches. In 2015, $888 million was committed to forest carbon offset projects

across voluntary and compliance markets worldwide [10].

Meeting ambitious targets for large-scale forest restoration will require a substantial increase in
the current rate of reforestation [1,9,11], and the majority of reforestation opportunities lie in
production and mosaic landscapes [12-16]. The carbon market provides an opportunity for
landholders to receive financial benefits in return for sequestering carbon in vegetation and soils,
otherwise known as ‘carbon farming’ [17-19]. However, adoption of afforestation and
reforestation (A/R) activities under the UN Clean Development Mechanism to date has been
lower than anticipated [20,21], and forest carbon credits from tree planting projects are costlier
and traded at a third of the volume of credits from avoided deforestation and degradation
(REDD+) projects in 2015 [10,22].

If widespread adoption of reforestation is to be achieved, there is a need to design and implement
governance interventions which can align this goal with the attitudes, values and motivations of
private landholders [2,9,20,23]. An extensive literature on landholder adoption of new methods
[20,24] and experiences from programs which provide incentives for tree planting [25-30]
highlights a range of barriers which can prevent the participation of landholders in such
initiatives. A mostly separate, yet growing body of literature emphasizes the potential for farmer-

managed and assisted natural regeneration (ANR) of secondary forests to deliver carbon
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abatement and multiple co-benefits at a large scale [14,31-34]. In landscapes where natural
regeneration of forest is possible, ANR is often a far more cost-effective reforestation approach
[8,18,32], yet tree planting remains the primary focus of carbon farming and other reforestation

programs [13,35].

In this paper, | review the current state of knowledge about the use of incentives to encourage
adoption of reforestation by landholders in production landscapes. | focus primarily on
governance interventions where the main goal is to deliver carbon abatement, though | also
consider how such programs can also provide economic, social and biodiversity co-benefits. |
draw on a case study in Australia, where tree planting and ANR comprise several approved
reforestation methods available through participation in a voluntary carbon farming program. |
conclude by describing how the efficacy of incentives for reforestation are reliant on a mix of
complementary instruments, including the provision of clear, accessible and trusted information,

and institutional arrangements which discourage further deforestation.
Carbon farming as a mechanism for reforestation

A large body of work has examined the potential economic returns and carbon abatement
generated through establishment of tree plantings in production landscapes [36—41]. Much of this
work has come out of Australia, where incentives for tree planting are available as part of a
voluntary carbon farming program [42,43](see Box 1). Concerns about the potential negative
environmental impacts of large scale monocultures [19,44] led to a renewed focus on how tree
planting could profitably deliver social and biodiversity co-benefits alongside carbon abatement
and complementary land uses [45-49]. Planting with a diversity of native trees and shrubs
(‘environmental’ plantings) in place of fast-growing monocultures will typically require a higher
carbon price, or the addition of a biodiversity ‘premium’ to encourage landholder adoption
[45,46,50].

Notwithstanding these economic considerations, research on landholder adoption of tree planting
highlight a range of other factors which influence their willingness to adopt [20,24], including:
access to high quality information [20,51], financial costs and benefits, such as establishment and
management costs, labour requirements, the likely impact on farm productivity and property
value, the risk of seedling or tree death; and access to diverse income streams

[23,25,26,29,52,53]; farm size and characteristics, including whether tree plantings can flexibly
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integrate amongst existing land uses [12,26,51]; the likely provision of social, cultural, and
environmental co-benefits [26,27,30,54]; landholder socio-demographics, social norms and
attitudes towards tree plantings on agricultural land or as a carbon abatement activity
[23,25,26,55]; and uncertainty over future government policy settings and market prices for

carbon and other commodities [25,52,56].

Although it has received comparatively limited attention as a reforestation approach to date,
ANR offers several advantages over tree planting which may assist in overcoming some of the
previously identified barriers to adoption. In the first instance, ANR can be highly cost-effective
[13,18,57] since it uses low-cost techniques which accelerate the re-establishment of tree and
shrub species naturally occurring at a site [8,58-60]. Regenerated secondary forests are often
preferable for local biodiversity than tree plantings (especially monocultures) and are more likely
to secure natural ecosystem functions which provide resilience to invasion by weeds and pests,
and climatic risks such as fire and drought [18,44]. By exploiting the natural regeneration
potential of degraded and deforested landscapes, ANR offers considerable economies of scale
[2,15,61] and offers greater potential to facilitate large-scale reforestation than tree planting
under current carbon prices [18,52]. However, tree planting will often be more suitable in
landscapes which have been extensively modified, and lack the natural regenerative capacity (e.g
soil seed bank and small trees) required for ANR to be viable [13,18].

Despite its potential for low-cost and biodiverse carbon abatement in across a range of forest
ecosystems [2,8,9,14,58,62], there are few examples where ANR has been facilitated through a
specific governance intervention [18,63]. Australia provides a useful case study to examine the
efficacy of carbon farming as a mechanism for reforestation, since a range of tree planting and
ANR approaches have been available to adopt as approved carbon abatement methods since
2012 (Box 1, Table S1).

<< insert Box 1 around here >>

Has carbon farming led to large-scale reforestation in Australia?

Research has identified large parts of Australia where reforestation may be economically viable
under a range of future climate, land use, carbon price, discount rate, and method scenarios

[18,41,45,46,50]. Here, | draw upon the latest publicly available data (see Supplementary
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Material) to evaluate the extent to which reforestation has been adopted under Australia’s carbon

farming policies to date.

Vegetation methods (broadly classified into ANR, tree planting, and avoided deforestation, see
Table S1) have been adopted for 427 (52%) of the 791 registered projects. As of March 2018, the
registrations of 65 vegetation projects have been revoked, leaving 362 currently registered
vegetation projects (Table S1). Of these, 237 have secured contracts with the Australian
Government to deliver 124.3 MtCO2e of carbon abatement since 2015 (Table S2). In total,
reforestation has been adopted across a project area exceeding 8 million hectares, of which 67%
of this project area is under contract (Table S2). However, this cannot be considered as an
accurate estimate of the actual extent of reforestation contracted under the ERF, since carbon

abatement occurs on a subset of each project area [64] and these data are not publicly available.

Registered vegetation projects are largely concentrated in two regions of Australia (Figure 1).
Tree planting methods have been adopted primarily Western Australia, within the highly
modified Avon Wheatbelt bioregion and in the extensive semi-arid grazing lands (Figure 1a).
ANR methods are the most frequently adopted (64% of registered vegetation projects) and cover
the greatest project area, predominantly in the Mulga Lands and Cobar Peneplain bioregions in
Queensland and New South Wales (Figure 1b). These bioregions are characterized by Mulga
(Acacia aneura) dry forest ecosystems, which is used as livestock fodder and is typically re-
cleared on a 15-year cycle to maintain pasture [65,66]. Avoided deforestation methods have been
adopted by 17% of registered projects, and largely protect native forest (primary and previously

cleared) in western New South Wales.

<< insert Figure 1 around here >>

To date, 70% of registered ANR projects have been awarded contracts for carbon abatement,
compared to only 23% of registered tree planting projects. This suggests the tree planting
projects are not sufficiently competitive to be selected by the ERF’s “lowest cost abatement”
reverse auction mechanism [67]. Contracts have been awarded for 98% of registered avoided
deforestation projects. The 100-year permanence period required by carbon sequestration
projects has been highlighted as a major barrier to participation [25,30,68,69], and a 25-year
option was introduced in response [70]. Nevertheless, the majority of contracted ANR (56%),

avoided deforestation (95%) and tree planting (56%) projects are opted for the 100-year option.
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The ERF operates under a sealed-bid process, so it is not possible to determine the average cost
of implementing ANR, tree planting, or avoided deforestation methods using the data available.
However, the data indicate that over three times as many registered projects have adopted ANR
methods over tree planting, and contracted ANR projects outnumber successful tree planting
projects at a rate of 10:1 (Table S2). While avoided deforestation projects still make up 21% of
contracted abatement using vegetation methods, the available data suggests ANR is a cost-
effective reforestation approach compared to tree planting, and its availability as carbon offset

methods has led to its widespread adoption in Australia.

Concerns have been raised about the additionality and permanence of vegetation projects
contracted under the ERF [67,71,72]. The operation of the ERF as a government-funded subsidy
scheme subjects it to adverse selection, meaning that projects that may have been implemented
‘anyway’ (e.g not clearing forest, or allowing forest to regenerate when farming is not profitable)
are cheap, and thus likely to be preferentially funded [67]. Further, deforestation in Australia has
accelerated since 2011 (Box 2), and the carbon abatement secured by reforestation under the CFI

and ERF has been offset by forest clearing from the past 3 years in Queensland alone [73].

<< insert Box 2 around here >>

Enhancing the effectiveness of carbon farming for reforestation outcomes

Carbon farming policies primarily use financial incentives to encourage landholders to sequester
carbon in vegetation and soils, but like all forest governance interventions [insert reference to
introductory paper in special issue] will rely on appropriate institutional arrangements and
information dissemination to be effective. The literature reviewed in this paper emphasise a
number of factors which must be accounted for in the design and implementation of carbon
farming and other reforestation programs, which can be broadly mapped onto the three axes of

information, institutions and incentives (Figure 2).

<< insert Figure 2 around here >>

Landholders require clear and accessible information on the relative benefits and costs of
adopting reforestation [20,29], including accurate information on the carbon abatement and co-
benefits delivered by different reforestation methods [12,52,74], the financial return expected
under different carbon prices, how carbon yields may vary according to soil type and rainfall

zone, and how reforestation will impact on farm productivity and property value [23,25].

6
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There is a need for cost-effective approaches which can assist landholders in identifying the most
suitable reforestation method(s) for their property [13]. Carbon sequestration in regenerating
forest can be slower, taper off more rapidly and offer lower abatement per unit area than tree
plantings [18]. However, further research is needed to establish what are the costs and benefits of

ANR relative to tree plantings in a range of landscapes [13,35,75].

Information sourced from trusted peers is often more highly valued by landholders than advice
from external agencies, and adoption is strongly influenced by social networks
[25,26,29,55,56,76]. Effective extension programs which draw on local “champions” and peer

learning are crucial to increase awareness and adoption [9].

The literature indicates there is a preference for reforestation to be primarily landholder-driven,
with “outsider” organisations providing a support and extension role rather than direct
involvement [9,20,56]. Indeed, farmer-led reforestation may be the “only way” to achieve large
scale forest and landscape restoration [8,9]. Intermediary organisations can play a key role in
reducing transaction costs and absorbing performance risks [61,77,78]. In Australia,
intermediaries can aggregate multiple sources of carbon abatement together within a single

project and manage contracts on behalf of numerous landholders [71,77].

Flexibility in the scale, type and configuration of reforestation amongst other land uses is an
important consideration, as is the length of time landholders are required to maintain the
reforested land [20,24]. ANR may offer greater flexibility to landholders than tree plantings, but
additionality and permanence are crucial to the integrity of carbon abatement schemes regardless
of the method employed [42]. Given that contract length is a known barrier to adoption
[20,25,30,68], arrangements which offer flexibility in duration in exchange for a risk premium

[42,79] warrant further investigation.

The likely provision of environmental, social and economic co-benefits from reforestation is a
key factor influencing adoption. Landholders working in production landscapes value co-benefits
such as improved soil, shade for livestock and biodiversity protection [17,25,30]. Reforestation
can also offer opportunities to enable or re-establish traditional cultural practices [27] and tap
into diversified income streams [54,80]. Importantly, co-benefits need to be incentivized,
monitored and reported alongside carbon abatement. The inability to derive an accurate estimate
of even the area of native forest to be restored under Australia’s carbon farming policies is highly

problematic.
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Policy uncertainty and complexity are a major barriers to adoption [21,25,56], which is
particularly apparent in Australia where climate policy has been characterized by frequent
change and political upheaval [72,81,82]. A clear, long-term and systemic incentive is needed to
encourage large-scale reforestation, which an economy-wide carbon price can deliver more
effectively and efficiently than subsidies [67,83]. Secure land tenure arrangements are
fundamental to provide landholders with assurance they will realise the future benefits of
reforestation [1,28,56,84]. Finally, institutional controls or sanctions on further deforestation are
required to effectively incentivize reforestation [72,85]. The absence of such controls reduces the
additionality and integrity of reforestation efforts and create a perverse incentive for
deforestation.

Conclusions

Restoration of degraded and deforested landscapes can provide multiple environmental, food
security, social and economic benefits for communities. However, translating aspirations for
large-scale reforestation into on-ground outcomes will require governance interventions which
can effectively motivate landholders within production and multiple-use landscapes to adopt
ANR, tree planting, or a combination thereof. Effective incentives for reforestation must be
underpinned by a coherent and complementary policy mix [86], and incorporate experiences
from carbon farming policies which encourage reforestation in production landscapes [18,25],
lessons from extensive research on landholder adoption [20,24], and the growing literature

highlighting the potential benefits of ANR for large-scale reforestation [8,9,14].
Acknowledgements

This research was supported by the Australian Government’s National Environmental Science
Program through the Threatened Species Recovery Hub. | thank Margaret Blakers and Margaret
Considine for their insights and for providing access to spatial data used in an earlier version of
this manuscript, Anita Cosgrove for sharing SLATS 2014-15 data, and two anonymous

reviewers for their helpful comments and critique.
References
1. Chazdon RL, Brancalion PHS, Lamb D, Laestadius L, Calmon M, Kumar C: A Policy-

Driven Knowledge Agenda for Global Forest and Landscape Restoration. Conserv
Lett 2017, 10:125-132.



238 2. Chazdon RL, Guariguata MR: Natural regeneration as a tool for large-scale forest
239 restoration in the tropics: prospects and challenges. Biotropica 2016, 48:716—730.

240  ** Introduction to a special issue comprising 16 papers which examine the ecological,
241  economic, and social dimensions of assisted natural regeneration in deforested or degraded
242  tropical landscapes

243 3. Locatelli B, Catterall CP, Imbach P, Kumar C, Lasco R, Marin-Spiotta E, Mercer B,

244 Powers JS, Schwartz N, Uriarte M: Tropical reforestation and climate change: beyond
245 carbon. Restor Ecol 2015, 23:337-343.

246 4. Suding K, Higgs E, Palmer M, Callicott JB, Anderson CB, Baker M, Gutrich JJ, Hondula
247 KL, LaFevor MC, Larson BMH, et al.. Committing to ecological restoration. Science
248 (80-) 2015, 348:638-640.

249 5. UNFCC: Adoption of the Paris Agreement. United Nations; 2015.
250 6. Convention on Biological Diversity: Aichi Biodiversity Targets. 2011,

251 7. United Nations: Transforming Our World: The 2030 Agenda for Sustainable
252 Development. 2015.

253 8. Chazdon RL, Uriarte M: Natural regeneration in the context of large-scale forest and
254 landscape restoration in the tropics. Biotropica 2016, 48:709-715.

255  * Reviews ecological conditions in which ANR is feasible and highlights cases where ANR has
256  occurred at large spatial scales

257 9. Reij C, Garrity D: Scaling up farmer-managed natural regeneration in Africa to
258 restore degraded landscapes. Biotropica 2016, 48:834-843.

259 10. Goldstein A, Ruef F: View from the Understory: State of Forest Carbon Finance 2016.
260 2016.

261 11. Laestadius L, Maginnis S, Minnemeyer S, Potapov P, Saint-Laurent C, Sizer N: Mapping

262 opportunities for forest landscape restoration. Unasylva (FAO) 2012, 62:238.

263 12. Beckert MR, Smith P, Lilly A, Chapman SJ: Soil and tree biomass carbon

264 sequestration potential of silvopastoral and woodland-pasture systems in North East
265 Scotland. Agrofor Syst 2016, 90:371-383.

266 13. Brancalion PHS, Schweizer D, Gaudare U, Mangueira JR, Lamonato F, Farah FT, Nave
267 AG, Rodrigues RR: Balancing economic costs and ecological outcomes of passive and
268 active restoration in agricultural landscapes: the case of Brazil. Biotropica 2016,

269 48:856-867.

270 14. Chazdon RL: Landscape Restoration, Natural Regeneration, and the Forests of the
271 Future. Ann Missouri Bot Gard 2017, 102:251-257.

272 15. Lamb D, Erskine PD, Parrotta JA: Restoration of Degraded Tropical Forest
273 Landscapes. Science (80- ) 2005, 310:1628-1632.



274
275
276

277
2178

279
280
281
282

283
284

285
286
287

288
289

290

291
292
293

294
295

296
297

298
299
300

301
302
303

304
305
306

307
308
309

310

16.

17.

18.

Latawiec AE, Strassburg BB, Brancalion PH, Rodrigues RR, Gardner T: Creating space
for large-scale restoration in tropical agricultural landscapes. Front Ecol Environ
2015, 13:211-218.

Doran-Browne NA, lve J, Graham P, Eckard RJ: Carbon-neutral wool farming in
south-eastern Australia. Anim Prod Sci 2016, 56:417-422.

Evans MC, Carwardine J, Fensham RJ, Butler DW, Wilson KA, Possingham HP, Martin
TG: Carbon farming via assisted natural regeneration as a cost-effective mechanism
for restoring biodiversity in agricultural landscapes. Environ Sci Policy 2015, 50:114—
129.

** Examined the economic viability of ANR and tree planting within production landscapes in
Queensland, Australia

19.

20.

Lin BB, Macfadyen S, Renwick AR, Cunningham SA, Schellhorn NA: Maximizing the
Environmental Benefits of Carbon Farming through Ecosystem Service Delivery.
Bioscience 2013, 63:793-803.

Schirmer J, Bull L: Assessing the likelihood of widespread landholder adoption of
afforestation and reforestation projects. Glob Environ Chang 2014, 24:306-320.

** Comprehensive review of factors influencing landholder adoption of tree planting

21.

22.

23.

24,

25.

26.

27.

28.

Thomas S, Dargusch P, Harrison S, Herbohn J: Why are there so few afforestation and
reforestation Clean Development Mechanism projects? Land use policy 2010, 27:880-
887.

Hamrick K, Gallant M: Unlocking Potential: State of the Voluntary Carbon Markets 2017.
2017.

Thomas HJD, Paterson JS, Metzger MJ, Sing L: Towards a research agenda for
woodland expansion in Scotland. For Ecol Manage 2015, 349:149-161.

Pannell DJ, Marshall GR, Barr N, Curtis A, Vanclay F, Wilkinson R: Understanding and
promoting adoption of conservation practices by rural landholders. Aust J Exp Agric
2006, 46:1407-1424.

Kragt ME, Dumbrell NP, Blackmore L: Motivations and barriers for Western
Australian broad-acre farmers to adopt carbon farming. Environ Sci Policy 2017,
73:115-123.

Meijer SS, Catacutan D, Sileshi GW, Nieuwenhuis M: Tree planting by smallholder
farmers in Malawi: Using the theory of planned behaviour to examine the
relationship between attitudes and behaviour. J Environ Psychol 2015, 43:1-12.

Robinson CJ, Renwick AR, May T, Gerrard E, Foley R, Battaglia M, Possingham H,
Griggs D, Walker D: Indigenous benefits and carbon offset schemes: An Australian
case study. Environ Sci Policy 2016, 56:129-134.

Robinson CJ, Gerrard E, May T, Maclean K: Australia’s Indigenous Carbon Economy:

10



311

312
313
314

315
316
317

318
319
320
321

322
323
324
325

326
327
328

329
330
331
332

333
334
335

336
337
338

339
340

341
342

343
344
345

346
347

348

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

A National Snapshot. Geogr Res 2014, 52:123-132.

Ruseva TB, Evans TP, Fischer BC: Can incentives make a difference? Assessing the
effects of policy tools for encouraging tree-planting on private lands. J Environ
Manage 2015, 155:162-170.

Torabi N, Mata L, Gordon A, Garrard G, Wescott W, Dettmann P, Bekessy SA: The
money or the trees: What drives landholders’ participation in biodiverse carbon
plantings? Glob Ecol Conserv 2016, 7:1-11.

Chazdon RL, Broadbent EN, Rozendaal DMA, Bongers F, Zambrano AMA, Aide TM,
Balvanera P, Becknell JM, Boukili V, Brancalion PHS, et al.: Carbon sequestration
potential of second-growth forest regeneration in the Latin American tropics. Sci Adv
2016, 2:€1501639.

Latawiec AE, Crouzeilles R, Brancalion PHS, Rodrigues RR, Sansevero JB, Santos JS
dos, Mills M, Nave AG, Strassburg BB: Natural regeneration and biodiversity: a
global meta-analysis and implications for spatial planning. Biotropica 2016, 48:844—
855.

Poorter L, Bongers F, Aide TM, Almeyda Zambrano AM, Balvanera P, Becknell JM,
Boukili V, Brancalion PHS, Broadbent EN, Chazdon RL, et al.: Biomass resilience of
Neotropical secondary forests. Nature 2016, 530:211-214.

Strassburg BBN, Barros FSM, Crouzeilles R, Iribarrem A, Santos JS dos, Silva D,
Sansevero JBB, Alves-Pinto HN, Feltran-Barbieri R, Latawiec AE: The role of natural
regeneration to ecosystem services provision and habitat availability: a case study in
the Brazilian Atlantic Forest. Biotropica 2016, 48:890-899.

Uriarte M, Chazdon RL: Incorporating natural regeneration in forest landscape
restoration in tropical regions: synthesis and key research gaps. Biotropica 2016,
48:915-924.

Anderson JA, Long A, Luckert MK: A financial analysis of establishing poplar
plantations for carbon offsets using Alberta and British Columbia’s afforestation
protocols. Can J For Res 2014, doi:10.1139/cjfr-2014-0097.

Comerford E, Norman PL, Grand J Le: Is carbon forestry viable? A case study from
Queensland, Australia. Aust For 2015, 78:169-179.

Funk JM, Field CB, Kerr S, Daigneault A: Modeling the impact of carbon farming on
land use in a New Zealand landscape. Environ Sci Policy 2014, 37:1-10.

Nelson E, Polasky S, Lewis DJ, Plantinga AJ, Lonsdorf E, White D, Bael D, Lawler JJ:
Efficiency of incentives to jointly increase carbon sequestration and species
conservation on a landscape. Proc Natl Acad Sci 2008, 105:9471-9476.

Paul KII, Reeson a., Polglase PJJ, Ritson P: Economic and employment implications of
a carbon market for industrial plantation forestry. Land use policy 2013, 30:528-540.

Polglase PJ, Reeson A, Hawkins CS, Paul Kl, Siggins AW, Turner J, Crawford DF,

11



349
350
351

352
353

354
355
356

357
358
359

360
361
362
363

364
365
366

367
368

369
370
371

372
373
374

375
376
377

378
379
380

381
382
383

384
385
386

42.

43.

44,

45.

46.

471.

48.

49,

50.

51.

52.

53.

Jovanovic T, Hobbs TJ, Opie K, et al.: Potential for forest carbon plantings to offset
greenhouse emissions in Australia: economics and constraints to implementation.
Clim Change 2013, 121:161-175.

Macintosh A, Waugh L: An introduction to the Carbon Farming Initiative : Key
principles and concepts. Environ Plan Law J 2012, 2:439-461.

van Oosterzee P, Dale A, Preece ND: Integrating agriculture and climate change
mitigation at landscape scale: Implications from an Australian case study. Glob
Environ Chang 2014, 29:306-317.

Lindenmayer DB, Hulvey KB, Hobbs RJ, Colyvan M, Felton A, Possingham H, Steffen
W, Wilson K, Youngentob K, Gibbons P: Avoiding bio-perversity from carbon
sequestration solutions. Conserv Lett 2012, 5:28-36.

Bryan BA, Nolan M, Harwood TD, Connor JD, Navarro-Garcia J, King D, Summers DM,
Newth D, Cai Y, Grigg N, et al.: Supply of carbon sequestration and biodiversity
services from Australia’s agricultural land under global change. Glob Environ Chang
2014, 28:166-181.

Carwardine J, Hawkins C, Polglase P, Possingham HP, Reeson A, Renwick AR, Watts M,
Martin TG: Spatial priorities for restoring biodiverse carbon forests. Bioscience 2015,
65:372-382.

Crossman ND, Bryan BA, Summers DM: Carbon payments and low-cost conservation.
Conserv Biol 2011, 25:835-45.

Paul K11, Reeson A, Polglase P, Crossman N, Freudenberger D, Hawkins C: Economic
and employment implications of a carbon market for integrated farm forestry and
biodiverse environmental plantings. Land use policy 2013, 30:496-506.

Renwick AR, Robinson CJ, Martin TG, May T, Polglase P, Possingham HP, Carwardine
J: Biodiverse Planting for Carbon and Biodiversity on Indigenous Land. PLoS One
2014, 9:91281.

Bryan BA, Runting RK, Capon T, Perring MP, Cunningham SC, Kragt ME, Nolan M,
Law EA, Renwick AR, Eber S, et al.: Designer policy for carbon and biodiversity co-
benefits under global change. Nat Clim Chang 2015, advance on:301-305.

Baumgart-Getz A, Prokopy LS, Floress K: Why farmers adopt best management
practice in the United States: A meta-analysis of the adoption literature. J Environ
Manage 2012, 96:17-25.

Preece ND, van Oosterzee P, Hidrobo Unda GC, Lawes MJ: National carbon model not
sensitive to species, families and site characteristics in a young tropical reforestation
project. For Ecol Manage 2017, 392:115-124.

Summers DM, Bryan BA, Nolan M, Hobbs TJ: The costs of reforestation: A spatial
model of the costs of establishing environmental and carbon plantings. Land use
policy 2015, 44:110-121.

12



387
388
389

390
391

392
393
394

395
396
397

398
399
400

401
402

403
404

405
406

407
408
409

410
411
412

413

414
415
416

417
418

419
420

421
422

54.

55.

56.

S7.

58.

59.

60.

61.

62.

63.

64.
65.

66.

67.

de Souza SEXF, Vidal E, Chagas G de F, Elgar AT, Brancalion PHS: Ecological
outcomes and livelihood benefits of community-managed agroforests and second
growth forests in Southeast Brazil. Biotropica 2016, 48:868—881.

Sagor ES, Becker DR: Personal networks and private forestry in Minnesota. J Environ
Manage 2014, 132:145-154.

Lazos-Chavero E, Zinda J, Bennett-Curry A, Balvanera P, Bloomfield G, Lindell C, Negra
C: Stakeholders and tropical reforestation: challenges, trade-offs, and strategies in
dynamic environments. Biotropica 2016, 48:900-914.

Gilroy JJ, Woodcock P, Edwards FA, Wheeler C, Baptiste BLG, Medina Uribe CA,
Haugaasen T, Edwards DP: Cheap carbon and biodiversity co-benefits from forest
regeneration in a hotspot of endemism. Nat Clim Chang 2014, 4:503-507.

Bechara FC, Dickens SJ, Farrer EC, Larios L, Spotswood EN, Mariotte P, Suding KN:
Neotropical rainforest restoration: comparing passive, plantation and nucleation
approaches. Biodivers Conserv 2016, 25:2021-2034.

Holl KD, Aide TM: When and where to actively restore ecosystems? For Ecol Manage
2011, 261:1558-1563.

Shono K, Cadaweng EA, Durst PB: Application of Assisted Natural Regeneration to
Restore Degraded Tropical Forestlands. Restor Ecol 2007, 15:620-626.

Cacho OJ, Lipper L, Moss J: Transaction costs of carbon offset projects: A
comparative study. Ecol Econ 2013, 88:232-243.

Mukul SA, Herbohn J, Firn J: Co-benefits of biodiversity and carbon sequestration
from regenerating secondary forests in the Philippine uplands: implications for
forest landscape restoration. Biotropica 2016, 48:882—889.

Biryahwaho B, Misiko M, Tefera H, Tofu A: Institutional innovations in African
smallholder carbon projects. Case Study: Humbo Ethiopia Assisted Natural Regeneration
Project. 2012.

Clean Energy Regulator: Establish the project area. 2017,

Fensham RJ, Dwyer JM, Eyre TJ, Fairfax RJ, Wang J: The effect of clearing on plant
composition in mulga (Acacia aneura) dry forest, Australia. Austral Ecol 2012,
37:183-192.

Fensham RJ, Fairfax RJ, Dwyer JM: Potential aboveground biomass in drought-prone
forest used for rangeland pastoralism. Ecol Appl 2012, 22:894-908.

Burke PJ: Undermined by Adverse Selection: Australia’s Direct Action Abatement
Subsidies. Econ Pap A J Appl Econ policy 2016, 35:216-229.

** Incisive economic analysis which highlights how the design of reverse auction mechanisms
can systematically select non-additional “anyway” carbon abatement projects.

13



423
424

425
426

427
428

429
430

431
432
433

434
435
436

437
438
439
440

441
442
443

444
445

446

447
448

449
450
451

452
453
454
455

456

457
458
459

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.
78.

79.

80.

81.
82.

Macintosh A: The Carbon Farming Initiative : removing the obstacles to its success.
Carbon Manag 2012, 4:185-202.

Mitchell CD, Harper RJ, Keenan RJ: Current status and future prospects for carbon
forestry in Australia. Aust For 2012, 75:200-212.

Commonwealth of Australia (Climate Change Authority): Carbon Farming Initiative
Review. 2014.

Blakers M, Considine M: Mulga bills won't settle our climate accounts: An analysis of the
Emissions Reductions Fund. 2016.

England P: Between Regulation and Markets: Ironies and Anomalies in the
Regulatory Governance of Biodiversity Conservation in Australia. Aust J Environ
Law 2016, 3:44-66.

Reside AE, Beher J, Cosgrove AJ, Evans MC, Seabrook L, Silcock JL, Wenger AS,
Maron M: Ecological consequences of land clearing and policy reform in Queensland.
Pacific Conserv Biol 2017, 23:219-230.

Cunningham SC, Cavagnaro TR, Mac Nally R, Paul KI, Baker PJ, Beringer J, Thomson
JR, Thompson RM: Reforestation with native mixed-species plantings in a temperate
continental climate effectively sequesters and stabilizes carbon within decades. Glob
Chang Biol 2015, 21:1552-1566.

Gilman AC, Letcher SG, Fincher RM, Perez Al, Madell TW, Finkelstein AL, Corrales-
Araya F: Recovery of floristic diversity and basal area in natural forest regeneration
and planted plots in a Costa Rican wet forest. Biotropica 2016, 48:798-808.

Torabi N, Cooke B, Bekessy SA: The Role of Social Networks and Trusted Peers in
Promoting Biodiverse Carbon Plantings. Aust Geogr 2016, 47:139-156.

Clean Energy Regulator: Aggregation under the Emissions Reduction Fund. 2015,

Coggan A, Buitelaar E, Whitten SM, Bennett J: Intermediaries in environmental offset
markets: Actions and incentives. Land use policy 2013, 32:145-154.

van Oosterzee P, Blignaut J, Bradshaw CJ a.: IREDD hedges against avoided
deforestation’s unholy trinity of leakage, permanence and additionality. Conserv Lett
2012, 5:266-273.

Urzedo DI, Vidal E, Sills EO, Pifia-Rodrigues FCM, Junqueira RGP: Tropical forest
seeds in the household economy: effects of market participation among three
sociocultural groups in the Upper Xingu region of the Brazilian Amazon. Environ
Conserv 2016, 43:13-23.

Jotzo F: Australia’s carbon price. Nat Clim Chang 2012, 2:1-2.

Bailey I, MacGill I, Passey R, Compston H: The fall (and rise) of carbon pricing in
Australia: a political strategy analysis of the carbon pollution reduction scheme. Env
Polit 2012, 21:691-711.

14



460
461
462

463

464
465
466

467
468

469
470

471
472

473
474

475
476
477

478
479

480
481
482

483
484

485

486
487

488
489

490

83.

Baranzini A, van den Bergh JCJM, Carattini S, Howarth RB, Padilla E, Roca J: Carbon
pricing in climate policy: seven reasons, complementary instruments, and political
economy considerations. Wiley Interdiscip Rev Clim Chang 2017, 8.

* Provides a comprehensive overview of the merits of carbon pricing

84.

85.

86.

Robinson BE, Masuda YJ, Kelly A, Holland MB, Bedford C, Childress M, Fletschner D,
Game ET, Ginsburg C, Hilhorst T, et al.: Incorporating Land Tenure Security into
Conservation. Conserv Lett 2017, doi:10.1111/conl.12383.

Evans MC: Deforestation in Australia: drivers, trends and policy responses. Pacific
Conserv Biol 2016, 22:130-150.

Gunningham N, Sinclair D: Chapter 8: Smart Regulation. In Edited by Drahos P.
2017:133-148.

* A useful updated summary of the essence of “smart regulation” and designing

87.

88.

89.

90.

91.

92.
93.

94.

complementary, responsive policy mixes

Bradshaw CJA: Little left to lose: deforestation and forest degradation in Australia
since European colonization. J Plant Ecol 2012, 5:109-120.

Keenan RJ, Reams GA, Achard F, de Freitas J V., Grainger A, Lindquist E: Dynamics of
global forest area: Results from the FAO Global Forest Resources Assessment 2015.
For Ecol Manage 2015, 352:9-20.

Macintosh A: The Australia clause and REDD: a cautionary tale. Clim Change 2012,
112:169-188.

Department of Science, Information Technology, Innovation and the Arts: Land cover
change in Queensland 2015-16: a Statewide Landcover and Trees Study (SLATS) report.
2017.

Department of the Environment, Australian Government: Emissions Reduction Fund -
White paper. 2014.

Commonwealth of Australia: National Inventory Report 2015 Volume 2. 2017.

Department of Science, Information Technology, Innovation and the Arts: Land cover
change in Queensland 2014-15. 2016.

Quarterly Update of Australia’s National Greenhouse Gas Inventory: September 2015.
Commonwealth of Australia; 2016.

15



491

492

493
494
495
496
497
498
499

Figures

T Queensland'} ;
\ s ‘
\ & i
N \ e —
@) Western Australia 23— i~
R y N
= EY "&iz‘t‘.’ l}
Registered projects ,;:
Vegetation method class -
ANR
. b) New South Wales ¢
Tree planting Boundaries L) -
Avoided deforestation
- e ! . State borders

. . . . 0 3125 625 1,250 Kilometres
V% Registration revoked Bioregions | | L | | | ! 1 ]

Figure 1. Distribution of vegetation projects (broken down by method class: ANR, tree planting, and avoided
deforestation) registered under Australia’s ERF. (a) Many tree planting projects are located within the highly
modified Avon Wheatbelt bioregion in Western Australia. A single tree planting project covering over 1.5 million
hectares is located in the semi-arid pastoral landscapes east of the bioregion, but is registration was revoked in
February 2018. (b) The majority of ANR and avoided deforestation projects are located in the Mulga Lands
bioregion crossing the Queensland state border, and the Cobar Peneplain bioregion south of the border in the state of
New South Wales.

16



Reforestation
method suitability

Learning through
trusted networks

Demonstrating Information
additionality

Social acceptability of
reforestation

Environmental &

social co-henefits
Landholder-driven

Carbon

) farming
Low transaction &

upfront costs

Risk absorption Incentives Tenure security

mechanisms

Complementary controls
on deforestation

Diverse income
streams

Systemic price Policy stability
signal

500

501  Figure 2. Summary of factors identified from the literature which underpin effective governance

502 interventions for carbon abatement through reforestation

503

17



504

505
506
507
508
509
510
511
512
513
514

515
516
517
518
519
520
521
522
523
524
525

Box 1 Australia’s carbon farming policies

Carbon farming was initially established in Australia as a voluntary baseline-and-credit offset
scheme, which was designed to work in conjunction with a legislated carbon price of
AUD23/tCO2e (increasing by 5% per annum) from July 2012 [42,43,81]. The Carbon Farming
Initiative (CFI) was considered to be the world's first national scheme to regulate the generation
and trade of carbon credits from farming and forestry [43]. Through the CFI, landholders could
generate Australian carbon credit units (ACCU) using an approved methodology determination
(‘method’) and then trade these credits on domestic or international voluntary markets. All
carbon sequestration projects were required to be maintained for 100 years to meet permanence
requirements, and a 5% risk of reversal buffer is applied to account for the risk of carbon release

due to fire or other catastrophic risks.

Following a change in government, the carbon price was repealed and replaced by an economy-
wide abatement subsidy scheme in 2014 [67]. The Emissions Reduction Fund (ERF) was
established with AUD2.55 billion of government funding over 4 years, and a reverse auction
mechanism is used to purchase carbon abatement at the lowest per-unit cost. Existing CFlI
methods and projects transitioned into the new scheme, and a 25-year permanence option was
introduced for sequestration projects (a 20% penalty on credits relative to the 100-year option)
[70]. Six auctions have occurred as part of the ERF since April 2015

(http://www.cleanenergyregulator.gov.au/ERF/Auctions-results), with abatement primarily

secured through vegetation methods (65% of total volume) and at an average price of
AUD12.0/tCO2e. As of March 2018, AUD265 million remains in the ERF, and a seventh

auction is due to be held in June 2018.
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Box 2 One tree forward, two trees back: reforestation and deforestation in

Australia

Deforestation in Australia is globally significant [73,85,87-89], with the latest statistics
indicating 400,000 hectares of forest was cleared in the state of Queensland alone in 2015-16
[90]. Policies which govern the protection and management of native vegetation in Australia are
primarily under the jurisdiction of its eight State and Territory Governments, which since 2010
have undergone a process of deregulation and relaxation [85].

The Australian Federal Government administers incentives for reforestation (see Box 1) as part
of its policy commitment to reduce greenhouse gas emissions by 5% below 2000 levels by 2020
[91]. However, the latest data indicate that deforestation in Australia still far exceeds
reforestation [92,93]. In absence of Federal Government controls on deforestation, the carbon
abatement and reforestation outcomes delivered through public investment in carbon farming

(Box 1) will continue to be undermined.
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Annual extent of deforestation (primary and regrowth) and afforestation/reforestation at the National scale according
to the latest National Inventory Report [92]. For comparison, deforestation in the state of Queensland is plotted
using data from [92], and from the Queensland Government’s Statewide Landcover and Trees Study (SLATS)

program [93]. The substantial differences in the amount of deforestation identified by the National and Queensland

data is largely explained by an inconsistent definition of ‘forest’ [94].
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