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1 Introduction

1.1 Background

Through a Conservation Action Planning (CAP) process initiated in 2010 the Northern and Yorke Natural Resources
Management (NRM) Board, South Australian (SA) Government (through the Department of Environment, Water and Natural
Resources, Natural Resources Northern and Yorke, DEWNR NR NY), several non-government agencies, local government and
many community groups identified priority vegetation communities for ecological restoration activities in the Southern Yorke
Peninsula (Rogers 2013, Berkinshaw et al. 2014). The previous extent of native plant communities (Figure 1.1) and spatially
explicit priorities linked to major conservation actions and objectives has been mapped by the SA Government and Greening
Australia (Neagle 2008, Rogers 2013, Koch 2013, DEWNR 2015).

Revegetation of priority communities within cleared agricultural lands (Figure 1.2) is part of Southern Yorke Peninsula (SYP)
Biodiversity CAP's integrated strategy for a collaborative, landscape-scale planning approach to biodiversity conservation in
the region. To help facilitate greater adoption of revegetation activities on private lands in the region, the SYP Biodiversity CAP
team provides information, support and advice to local landholders on re-establishing native vegetation and potential benefits
of these activities to regional biodiversity, ecological systems and the community. While the purpose of most revegetation
activities in the region is for ecological benefits, local landholders may increase their adoption of this landuse activity if better
information on landuse planning, climate change impacts, carbon sequestration potential of revegetation and carbon markets
were available.

The SA Government and Natural Resource Management Boards have worked with the University of Adelaide and CSIRO to
improve their understanding of landuse planning and climate change adaptation through the Landscape Future Analysis Tool
(LFAT) (Bryan et al. 2011; Meyer & Bryan 2013). The tool allows users to explore future scenarios of landuses, market prices and
climate change within the region. Prior to 2014, estimates of carbon sequestration from revegetation within the LFAT system
were based on the 3PG model (Landsberg et al. 2003) but were found to be insufficiently calibrated for reliable use in the
agricultural regions of South Australia. In 2013-14, researchers from the Department of Environment, Water and Natural
Resources (DEWNR) partnered with the University of Adelaide to update the carbon sequestration from revegetation models
within the LFAT system (Hobbs et al. 2015).

In recent years, DEWNR and its partners have completed detailed surveys of 264 known-age revegetation sites across the
agricultural region of South Australia and undertaken analyses to quantify climate, soil, planting design and age influences on
carbon sequestration rates and vegetation structure (Hobbs et al. 2013). Those models were adapted and recalibrated to LFAT
specifications of planting designs and climate change scenarios to create 36 standard carbon sequestration model outputs
(Hobbs et al. 2015). This standard series of model outputs includes 3 representative planting designs with average plant
densities based on historic observations, 3 timeframes and 4 climate scenarios. In mid-2014, the same standard model series
were incorporated into the Carbon Planting Guidelines (CPG) (DEWNR 2014). These models represent carbon sequestration
rates from revegetation using Kyoto-compliant perennial species (>2m high at maturity) and includes the above-ground and
below-ground biomass trees, mallees and taller shrubs. Models do not include the biomass of low-medium height shrubs
(<2m at maturity) or ground cover species.

1.2 Objectives

The objective of this project, as summarised by this report, was to undertake a desktop analysis of potential carbon
sequestration rates from revegetation for Conservation Action Planning (CAP) priority vegetation communities (Berkinshaw et
al. 2014) in the Southern Yorke Peninsula region using existing carbon sequestration models developed by DEWNR (Hobbs et
al. 2013, 2015). The study area is based on the Southern Yorke sub-region of the Interim Biogeographic Regionalisation for
Australia (IBRA Version 7, DotE 2012).

DEWNR Technical note 2014/14 2









=

Southern Yorke CAP Revegetation

[ Study Area

Pre-1750 Vegetation
I Open Woodland (sheoak, inland tea-tree)
[ Open Woodland (mallee box)
I Mallee (sub-coastal)
Mallee (plains)
[0 Mallee (sands)
Shrubland (plains)
Shrubland (sands)

Forest (swamp paperbark)

Shrubland (samphire)

Shrubland (chenopod)

Grassland

Sedgeland

Remnant Native Vegetation

Roads

Produced by:  Science, Monitoring and Knowledge Branch
Department of Environment, Water and Natural Resources

a)—“« Government of Map Projection: Lambert Conformal Conic

Outh Australi a Map Datum:  Geocentric Datum of Australia 1994
Date: June 2015

G
%

</

wv

Source: DEWNR (2015).

Figure 1.2 Priority vegetation communities for cleared agricultural lands in the Southern Yorke Peninsula
region
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2 Methods

2.1 Targeted revegetation designs

Pre-1750 vegetation mapping groups (DEWNR 2015) and Bushland Condition Monitoring (BCM) data (NCSSA 2015) were
aligned to Southern Yorke Peninsula (SYP) Conservation Action Planning (CAP) asset types (Berkinshaw et al. 2014). The CAP
Open Woodlands were separated into “sheoak, inland tea-tree” and “mallee box” communities and the CAP Relictual Mallee
Community split into mallee “plains” and “sands”. Due to natural gradations with vegetation communities and pre-1750
vegetation mapping descriptions the “sheoak, inland tea-tree” community was not further divided.

The five targeted vegetation communities included in this study were:
e Open Woodland (sheoak, inland tea-tree);
e Open Woodland (mallee box);
e Mallee (sub-coastal);
e Mallee (plains); and
e Mallee (sands).

Carbon sequestration rates of revegetation sites are influenced by climatic conditions, soils, time and vegetation structure
(plant density and tree/shrub ratios) (Hobbs et al. 2013, 2015). For this study, vegetation structure data from 108 Nature
Conservation Society of South Australia’s Bushland Condition Monitoring (BCM) sites (Figure 2.1) were used to define a
reference or benchmark vegetation structure at a target age of 45 years for each of the priority vegetation types. The BCM data
includes vegetation descriptive information, assessments of crown cover within each lifeform/height stratum and metrics of site
condition (Appendix A). The BCM crown cover estimates of tall shrubs, mallees and trees by lifeform/height stratum, and crown
area by height allometrics (Figure 2.2) of Hobbs et al. (2013) have been used to estimate the plant density (plants/ha) for each
lifeform/height stratum (i.e. crown cover per hectare [m?] divided by the average crown area per lifeform/height class). The
total number of trees per hectare divided by total number of plants per hectares identifies the proportion of trees at each site.
The typical vegetation structure (i.e. mean plant density and proportion of trees) for each targeted vegetation type was used
define community-specific calibration data for carbon sequestration models.

Addition vegetation survey data (277 sites) from DEWNR's Biological Database of South Australia (BDBSA) were clustered to a
similar vegetation classification system at those identified by Southern Yorke Peninsula CAP. Both BCM and BDBSA sites,
classified by CAP vegetation community types, were compared against pre-1750 vegetation mapping groups to confirm spatial
consistency between the datasets. These analyses confirmed that BCM calibration data was representative of other sites with
the same vegetation as the five CAP targeted vegetation communities.

2.2 DEWNR Carbon sequestration models

The development of DEWNR's carbon sequestration models and spatial applications has been documented in detail by Hobbs
et al. (2013, 2015). The following is a concise description of that work and the key elements of the modelling process.

DEWNR and its partners have undertaken 264 surveys of above-ground biomass (AGB) of known-age revegetation sites across
the agricultural regions of South Australia, including detailed surveys of below-ground biomass (BGB) of mallees and trees at
two sites. Using this survey data and spatial environmental information (i.e. climate = ANUCLIM Version 6.1, Xu & Hutchison
2013; soils = ACLEP ASRIS format, McKenzie et al. 2012) it was possible to quantify the relationships between planting designs,
climate, soils and time on typical carbon sequestration rates and plant densities over time. All spatial datasets used in these
models have spatial resolution of 100 x 100 metres (1 ha).
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Figure 2.1 Bushland Condition Monitoring reference sites used to calibrate carbon sequestration models
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Figure 2.2 Allometric relationships between plant height and crown area by life form group

Age, evaporation, proportion of trees, rainfall and soil water-holding capacity were found to influence revegetation site plant
density spatially and over time (n=264, r?=0.24, p<0.0001, AIC.=549.8):

log(PDai + 1) = (—0.2983 x log(t + 1) — 1.3801 x PE—0.6827 x PT + 0.0009736 x MAR + 17.70)
x (0.0003704 x W + 0.9346)

where,
PDai = Plant density, all plants (plants/ha)
t = Age (years)
PE = Mean annual potential evaporation (mm/year)
PT = Proportion of trees (count of trees / count of all plants 22 m high at maturity)
MAR = Mean annual rainfall (mm/year)
W = Plant available water capacity, total (mm)

Revegetation site growth rates are influenced by rainfall, water infiltration rates, total plant density, clay content of the soil
surface, shrub plant density, time and soil depth (n=264, r?=0.60, p<0.0001, AIC.=370.4):

log(AAGB + 1) = 0.003674 x MAR + 0.4782 x log(KS1 + 1) + 0.3092 x log(PDay + 1) + 0.05543 x CC;

—0.06986 x log(PDs + 1) —0.1959 x log(t + 1) + (0.0001750 x MAR x Dpn,) —4.422
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3.3 Southern Yorke Peninsula Carbon model outputs

Southern Yorke Peninsula carbon model parameters were included in DEWNR carbon modelling routines and applied to
climate and soils spatial datasets for the entire Yorke Peninsula region for each of the 5 community types. Plant density
surfaces for each model, timeframe (i.e. 25 and 45 years) and climate scenario (i.e. historic, mild, moderate and severe) were
created prior to calculations of above-ground biomass growth, estimates of root biomass and carbon sequestration rates. The
data have been constrained to the Yorke Peninsula region and composited to the specifications of the CAP Pre-1750
vegetation mapping. In the northern Yorke Peninsula region the “Shrubland (plains)” community (see Figure 2.1, outside the
study area and lacking BCM calibration data) is represented by “Mallee (sub-coastal)” model due to similarities in their soil
types. None of the models are used represent the minor, saline or treeless vegetation communities of the region (Table 3.3).

The expected spatial variations in plant density across the Yorke Peninsula region resulting from different vegetation structure
of each targeted CAP vegetation community, climate and soil factors are illustrated by Figure 3.1 and Figure 3.2. Lower plant
density values in year 45 compared to year 25 illustrate the mortality factor of plants over time. The DEWNR Carbon
Sequestration from Revegetation Estimator tool (Version 1.1, Hobbs et al. 2013), downloadable from the DEWNR website, can be
used to more thoroughly explore the influences of climate, soil conditions and time on plant mortality rates in revegetation
communities (Figure 3.3). Typically only 48% of the plants established by the third year after planting will survive to year 45
under historic climate conditions (Table 3.4).

Carbon sequestration rates are also spatially influenced by climate, soils, age, plant density and the proportions of trees in
targeted revegetation communities (Figure 3.4 and Figure 3.5). Deep soils or moderate-depth soils with higher rainfall are
typically the most productive. Average carbon sequestration rates are higher at 25 years compared to 45 years due to early
access to stored soil moisture resulting from agricultural uses, residual fertiliser effects and lower competition between plants
for resources in the early years.

Southern Yorke Peninsula summaries of average plant density for all modelled vegetation communities, climate change
scenarios and timeframes for targeted revegetation on cleared agricultural lands are presented in Table 3.4. The percentage of
each community type which exists as native remnant vegetation is highly variable across the region compared to its pre-1750
extent (i.e. 3.5% to 51.0%, Table 3.4). Maps representing the average plant density and carbon sequestration rates after 45
years and for all climate change scenarios in cleared agricultural lands within the Yorke Peninsula region are presented in series
Figure 3.6 to Figure 3.13. These results show that carbon sequestration rates from revegetation activities in the region are
strongly influenced by different targeted communities, timeframes and climates.

Mallee communities on plains and sub-coastal environments generally sequester around 27% more carbon per year than open
woodland communities within the region. As climates become warmer and drier fewer revegetation plants persist and the
average carbon sequestration rate over the first 45 years will decrease (i.e. mild climate -5.6%, moderate climate -14.6%, severe
climate -22.5%).

DEWNR Technical note 2015/04 12



Table 3.3

Vegetation community

Modelled
Open Woodland (sheoak, inland tea-tree)
Open Woodland (mallee box)
Mallee (sub-coastal)
Mallee (plains)
Mallee (sands)

Summary
Not modelled
Shrubland (sands)
Forest (swamp paperbark)
Shrubland (samphire)
Shrubland (chenopod)
Grassland
Sedgeland

Summary

Extent of Southern Yorke Peninsula carbon modelling

Region Cleared lands Remnants
Mean Mean
Area annual Area annual
(ha) rainfall (ha) rainfall
(mm/year) (mm/year)
158212 401 137822 399 12.9%
57397 395 53148 395 7.4%
78409 438 38459 434 51.0%
70494 397 67999 397 3.5%
38786 403 37447 403 3.5%
403298 407 334875 403 17.0%
7555 396 305 399 96.0%
2658 418 146 417 94.5%
6697 394 622 397 90.7%
103 382 12 381 88.3%
959 357 99 357 89.7%
3107 402 475 399 84.7%
21079 397 1659 397 92.1%

Table 3.4 Targeted revegetation average modelled plant density and carbon sequestration rates, and the

influences of climate change and time in cleared landscapes within the Southern Yorke Peninsula region

Targeted revegetation community
Open Woodland (sheoak, inland tea-tree)
Open Woodland (mallee box)

Mallee (sub-coastal)

Mallee (plains)

Mallee (sands)

Targeted revegetation community
Open Woodland (sheoak, inland tea-tree)
Open Woodland (mallee box)

Mallee (sub-coastal)

Mallee (plains)

Mallee (sands)

Initial
plant
density

(year 3)

523
395
798
466
525

Hectares

137 822
53148
38 459
67 999
37 447

Plant density (plants/ha)
Climate change scenario
Mild
Timeframe (years)
25 45 25 45 25 45 25 45
350 251 | 343 242 | 335 232 | 328 224
264 188 = 259 181 | 252 174 | 247 167
539 387 | 528 374 | 515 358 | 504 344
313 222 | 307 214 | 299 205 | 293 197
353 251 | 346 242 | 337 231 | 330 223

Average carbon sequestration rate (CO2-e t/ha/year)

Historic Moderate Severe

Climate change scenario
Mild Moderate
Timeframe (years)

25 45 25 45 25 45 25 45
504 349 | 489 329 | 465 296 | 442 266
590 418 | 573 395 | 547 358 | 522 325
621 439 | 603 415 574 375 | 547 338
628 445 | 610 422 582 384 | 557 349
558 391 | 542 369 | 515 332 | 491 299

Historic Severe
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Figure 3.1 Plant density of revegetation at 25 years under historic climatic conditions
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Figure 3.2 Plant density of revegetation at 45 years under historic climatic conditions
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Figure 3.4 Carbon sequestration rate of revegetation over 25 years under historic climatic conditions
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Figure 3.5 Carbon sequestration rate of revegetation over 45 years under historic climatic conditions
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Figure 3.6 Plant density of targeted revegetation under historic climatic conditions
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Figure 3.7 Plant density of targeted revegetation under mild climate change
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Figure 3.8

Plant density of targeted revegetation under moderate climate change
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Figure 3.9

Plant density of targeted revegetation under severe climate change
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Figure 3.10 Carbon sequestration rate of targeted revegetation under historic climatic conditions
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Figure 3.11 Carbon sequestration rate of targeted revegetation under mild climate change
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Figure 3.12 Carbon sequestration rate of targeted revegetation under moderate climate change
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Figure 3.13 Carbon sequestration rate of targeted revegetation under severe climate change
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4  Conclusions

The locally-calibrated carbon sequestration models for Conservation Action Planning (CAP) priority vegetation communities in
the Southern Yorke Peninsula region provide a significant refinement of DEWNR's generic carbon sequestration models for
targeted revegetation using trees, mallees and tall shrubs in the region. The models do not account for the biomass held in
plants that do not grow greater than 2 metres in height. In plant communities with significant densities of small to medium
height shrubs these model outputs should be considered conservative in terms of total perennial plant densities and total
carbon sequestration.

Under historic climate conditions the estimated carbon sequestration rates of targeted revegetation designs across the
Southern Yorke Peninsula region are typically 25% higher than the 45-year-old typical “tree-dominated environmental planting
(88% trees)” designs presented by Hobbs et al. (2013, 2015) and used in the Landscapes Futures Analysis Tool (LFAT) and
Carbon Planting Guidelines. However, these increases are variable across the community types: sheoak/inland tea-tree
woodlands (+31%); mallee box woodlands (+26%); sub-coastal mallee (+9%); plains mallee (+18%); and sandy mallee (+44%).
The differences between generic estimates (Hobbs et al. 2013, 2015) and targeted design estimates (this report) highlight the
value of undertaking this more detailed study in Southern Yorke Peninsula region.

Spatial patterns of higher carbon sequestration rates within the Southern Yorke is closely correlated with the location of land
already cleared of native vegetation for agricultural purposes. Deeper and fertile soils are generally the most productive for
both annual cropping and native plant biomass. However, the sub-coastal mallee communities with deeper but less fertile soils
are also highly productive for revegetation species but less suitable for agriculture. Locations within existing native vegetation
communities with higher than typical potential sequestration rates may provide potential indicators of other ecological values
(e.g. source populations or refugia for plant and animals).

The models also indicate the potential consequences of a range of climate change scenarios on vegetation structure and
carbon sequestration in the region. In progressively warmer and drier climates the vegetation structure of plant communities
can be expected to become sparser with up to 11% fewer plants per hectare than under historic climates. Under severe climate
change conditions average sequestration rates and carbon stocks are likely to be reduced by between 22 to 24% compared to
historic conditions.

New and targeted revegetation activities in the region should recognise that the mortality rate of new plants is naturally high in
the early years within a revegetation site, and good management practices (e.g. weed & pest control) can reduce those losses.
Even after good initial establishment the survival of plants at 45 years of age is approximate only 48% of healthy plants
established by the end of the third year. Warming and drying climates are likely to increase plant mortality and additional
planting stock might be required to offset climate induced losses.

The outputs generated from this project can provide an indication of carbon dioxide equivalents sequestered by revegetation
activities in the region. This information may assist in economic evaluations of carbon market values from revegetation in the
region, but more detailed analyses of the establishment, management, investment and compliance costs, environmental
conditions, and market risks should be included in any economic evaluations of revegetation for carbon trading purposes.
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http://www.naturemaps.sa.gov.au/download_spatial_layers.html
http://www.adelaide.edu.au/environment/lfp/research/afl/LFAT.pdf
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