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a b s t r a c t
Riparian vegetation is crucial for providing a diverse range of ecosystem services. However, the role of
riparian vegetation in storing carbon is recently being realised. This study aims to estimate the current
status of biomass carbon from riparian vegetation and coarse-woody debris (CWD) along the Condamine
River and its tributaries in Queensland, Australia. Trees, shrubs and CWD from 17 sample plots were
inventoried using standard protocol and were converted into biomass and carbon mass. The average
of total carbon for poor, good and excellent plots were 4.3 t/ha, 134.8 t/ha and 291.7 t/ha, respectively.
This indicates that 291.7 tC/ha is easily achievable in riparian zone of Condamine Catchment where the
edaphic, topographic and climatic factors are favourable for riparian vegetation. The results of this study
would help landholders and policy makers to understand the carbon sequestration potential of riparian zones, and promote current government mixed species environmental plantings (MSEPs) activities
under the Emissions Reduction Fund, which ultimately promotes more resilient, economically viable and
environmentally sustainable land use practices on a landscape level.
© 2016 Elsevier Ltd. All rights reserved.

1. Introduction
The riparian zone, one of ﬁfteen globally recognised terrestrial
biomes, is the narrow interface between terrestrial and freshwater
habitats (Burger et al., 2010). It consists of the bed, banks, vegetation, adjacent land and the ﬂoodplain. Riparian vegetation types are
rich in biodiversity and provide a diverse range of ecosystem services (Abernethy and Rutherfurd, 1999; King et al., 2009; Opperman
et al., 2010; Baral et al., 2014a,b) such as regulating the ﬂow of nutrients and energy and intercepting nutrients and sediments before
they enter water bodies (Lake, 2005; Smith et al., 2012). They are
crucial for: protecting water quality and the aquatic environment;
slowing down the velocity of ﬂood water; stabilising banks and
preventing erosion; enhancing groundwater storage; protecting
livestock and crops from wind; and providing a productive habitat for pollinating insects, ﬁsh and pasture for livestock (QDAFF,
2012; Smith et al., 2012; Williams et al., 2013).
A vast proportion of these important vegetation systems have
either been cleared or degraded across the world (Nilsson and
Berggren, 2000; Culas, 2007a,b; Gentle, 2000). In some parts of
the world they are exposed to logging pressure despite serious
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concern from the public about the negative impacts of harvest on
terrestrial and aquatic ecosystems (Bengtsson et al., 2000; Gentle,
2000; Broadmeadow and Nisbet, 2004; Kreutzweiser et al., 2008).
In Australia, riparian vegetation has been cleared for crop and
pasture production, resulting in an increase in greenhouse gas
emissions (Maraseni et al., 2007; Maraseni and Cockﬁeld, 2011).
Without careful management, these production systems can contaminate adjacent waterways with sediments, nutrients, herbicides
and pesticides. As a result, the productive, protective, and aesthetic
functions and ecosystem services of riparian zones can be severely
impacted (Tockner and Stanford, 2002; Burger et al., 2010; Smukler
et al., 2010; Baral et al., 2014a,b).
In the context of climate change, the role of riparian vegetation in sequestering carbon in its soils and biomass is increasingly
being realised (Burger et al., 2010; Smukler et al., 2010). Therefore,
restoration of the riparian zone has been a priority in many parts of
world (Bullock et al., 2011; Calmón et al., 2011) including Australia
(Department of Environment, 2015) as it has considerable potential
to contribute to both forest biodiversity and carbon sequestration,
and several other ecosystem services.
More importantly, over the past 200 years, Australia has lost
about 40% of total forest cover (Bradshaw, 2012). To reverse the
trend Australian Government has included the provision of mixed
species environmental plantings (MSEPs) under the Emissions
Reduction Fund (ERF) with the expectation of carbon seques-
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tration beneﬁts and several other co-beneﬁts (Department of
Environment, 2014). Riparian zones may be better sites for MSEPs
in many regions, largely due to their relatively fertile soils and
abundant soil moisture. In rural landscapes these areas typically
have some remnant vegetation, allowing for the formation of corridors through linking remnants. Therefore, potential co-beneﬁts
from MSEPs plantings in the riparian zone are likely to be greater. In
addition to several other beneﬁts, in Australia MSEPs along riparian
zone can: (1) offset the effects of past deforestation such as dryland salinity and increased rates of sediment and nutrient export
(Jackson, 2005; George et al., 2012; Sochacki et al., 2012); (2) puriﬁes freshwater (Daily, 1997) and enhances aquatic diversity by
buffering streams from the effects of climatic variability (Thomson
et al., 2012); (3) reduces wind and/or water erosion (Bradshaw et al.,
2007; Bradshaw, 2012; DCCEE, 2013); and increases agricultural
crop pollination efﬁciency (Hoehn et al., 2008; Carvalheiro et al.,
2011).
The ERF allows farmers and other land managers to earn carbon credits by storing carbon or reducing greenhouse gas (GHG)
emissions on land. With this initiative, the Australian Government
expects to contribute to the unconditional target of a 5% reduction in GHG emissions by 2020 relative to 2000 levels, and the
majority of this reduction is expected from sequestration projects
(Australian Government, 2015). This study aims to estimate the
current status of biomass carbon from riparian vegetation and
coarse-woody debris (CWD) along the Condamine River, the major
river system in the Condamine Catchment, Queensland, Australia.
The results of this study would help landholders and policy makers
to understand the carbon sequestration potential of riparian zones,
and make appropriate land use management decisions.
2. Methodology
2.1. A brief snapshot of study area
The Condamine Catchment covers an area of 2.5 million hectares
and has a subtropical climate, with average annual rainfall of
682–955 mm, and average temperatures ranging from 3 ◦ C to 30 ◦ C.
Major industries in the catchment include livestock, intensive animal industries, cropping, horticulture, forestry, tourism, mining
and manufacturing. The Catchment has major and minor streams
with a total length of 1882 km and 10,174 km, respectively (Apan,
2007). Our targeted riparian area is 50 m on either side of the major
and minor streams of the Catchment, which is equivalent to 4.8% of
the catchment area. These streams form a central support for biodiversity and provide a key to the connectivity across the catchment
(Fig. 1).

and ‘poor’ sites. Indicators “trees” and “regrowth” are linked with
above and below ground biomass and “habitat” indicator is linked
with CWD. It is assumed that these three attributes can adequately
explain the variation in total biomass (both in trees and shrubs and
CWD). Each indicator was assessed against one to ten scales, where
one was worst and ten was optimal.
In order to estimate the current carbon sequestration amount
in riparian vegetation and CWD, the 54 plots were divided into
three classes (excellent, good and poor) based on the total score
of the three selected attributes. On this basis, 18 plots were classiﬁed as excellent condition, 17 as good condition and 19 as poor
condition (Table 1). After the classiﬁcation/stratiﬁcation, random
sampling was conducted for each class/stratum. Due to limited
time and resources, we have decided to sample about 30% from
each of excellent, good and poor classes. Access was denied for
one of the selected “poor” site reducing the overall representation of poor sites compared to other sites. Finally, in total, ﬁve,
six and six samples were selected from poor, good and excellent
category, respectively, for the in-depth forests and CWD inventory
(Table 1 and Fig. 1). In the beginning of the inventory selected transects (sample plots) were located and requested attributes were
measured and carbon amounts estimated (discussed below).
2.3. Measurement of diameter at breast height (DBH)
Each sample plot was 10 m × 50 m in size (0.05 ha), along the
back of river/creek. In each sample plot, diameter of all trees and
shrubs ≥2 cm diameter at breast height (1.3 m height from the
ground) was measured using diameter tape. If a tree was in a sloping area, height was measured on the uphill side of the stem. If there
was a buttress at DBH, diameter was measured above the buttress.
In addition to DBH, as suggested in DCCEE (2013), measured stems
were scored for ‘health’ based on categories described in Table 2.
2.4. Estimation of tree and shrub biomass
Biomass can be estimated from measured DBH data using either
biomass tables or growth models. Growth models (allometric equations) are available for most of our riparian species and therefore
reasonably accurate estimation of biomass was possible. For the
purpose of this study, where possible, species-speciﬁc allometric
equations were used; where species-speciﬁc equations were not
available, best available generic equations were used:
• For Salix babylonica (Source: Chave et al., 2005)
2

B = 0.49 × exp(−1.499 + 2.148 ln(d) + 0.207(ln(d))
3

− 0.0281(ln(d)) )

(1)

2.2. Sampling design
The sites sampled in this study were part of a Riparian Protection and Restoration Program funded through the Australian
Government’s Clean Energy Futures’ Biodiversity Fund between
2012 and 2014. Under this Program the state of riparian zone was
assessed within 54 transects, 21 from Killarney–Warwick section
and another 33 from Warwick–Cecil Plains section. The assessment
was based on 11 indicators/attributes. The focus for this particular study was the current status of biomass carbon in ‘excellent’,
‘good’ and ‘poor’ sites. These sites experience similar climatic conditions, but exhibit great difference in biomass carbon, mainly due
to differences in farming and conservation practices.
As the study was interested only in the trees and shrubs and
coarse-woody debris (CWD) biomass, the total scores of three
related attributes (trees, regrowth and habitat) were considered
in this study for the purpose of classiﬁcation of ‘excellent’, ‘good’

• For Grevillea robusta and Syzygium sp. (Source: Keith et al., 2000)
B = exp(−1.8957 + 2.3698 ln(d) + (

0.29422
)
2

(2)

• For Brachychiton rupestris (Source: Chave et al., 2005)
2

B = 0.25 exp(−0.667 + 1.784 ln(d) + 0.207 ln (d)
3

− 0.0281 ln (d) )

(3)

• For Angophora ﬂoribunda, Eucalyptus camaldulensis, Casuarina
cunninghamiana, Melaleuca species and other Eucalyptus species
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Fig. 1. Map of study area showing sampling transects (E represents “Excellent Plot”; G represents “Good Plot” and P represents “Poor Plot).

Table 1
Rating of riparian zone in Condamine Alliance and distribution of sample size.
Total scorea

Rating

Total number of plots/transects

<9
9–18
>18

Poor
Good
Excellent

19
17
18

5
6
6

54

17

Total
a

Total number of sampled plots/transects

Total score represents the sum of scores from three indicators ‘tree’, “regrowth” and “habitat”.

Table 2
Scores for a ‘health’ category of measured stems and biomass loss factor for standing stems with DBH ≥2 cm.
Health code

Description

Biomass loss
factor

Root factor

0

Live (healthy crown, but also including major death of
branches). This category includes trees that have been
recently burnt and are in the process of regenerating
from epicormic shoots on the trunk or branches
Barely alive (epicormic growth or almost all crown
dead). This category includes trees where ﬁre has killed
the main trunk and it is regenerating from the base
Recently dead (bark still hugging trunk), only loss has
been leaves and twigs
Long dead (bark present but not hugging trunk), leaves,
twigs and small (<10 cm) braches have been lost
Old dead (standing but bark absent), major branch loss

1

1.25

0.975

1.25

0.975

1

0.80

1

0.55

1

1

2
3
4
Source: DCCEE (2013).
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Table 3
Values for parameters “a” and “b” for different species.

mass multiplying by conversion factor of 0.47 (Martin and Thomas,
2011).

Species

a

b

Angophora ﬂoribunda
Casuarina cunninghamiana
E. camaldulensis
Other Eucalyptus
Melaleuca species

−1.82
−2.33
−1.67
−1.71
−2.57

2.27
2.44
2.19
2.21
2.19

following allometric equation was used (Source: Paul et al., in
press)
ln(B) = a + b × ln(d)

(4)

where, “B” is the dependent variable (above-ground biomass,
kg/tree); “d” is diameter (cm) at breast height (1.3m), “a” is coefﬁcient, “b” is the scaling exponent (Table 3).
All these allometric equations give gross-above-ground biomass
of a single tree. Some trees could be rotten and their net biomass
could be different to that of estimated biomass from these equations. Similarly, there could be some amount of carbon in the roots
of these trees. Therefore, as noted, each measured tree/shrub was
scored for a ‘health’ category which is linked with biomass loss
factor and root factor (Table 2). The biomass loss factor was used
to convert gross aboveground biomass of individual tree/shrub to
net aboveground biomass. If a tree is healthy (health Code 0) then
the gross and net biomass is same, as BLF is 1. However, if a tree
is of poor health the net biomass will be discounted accordingly.
Once aboveground biomass of a tree/shrub was determined then
both above-and-belowground biomass was estimated multiplying
by root factor. A healthy tree has a robust root system and therefore
its root biomass could be 25% of aboveground biomass. Finally, the
total biomass was converted into total carbon mass multiplying by
conversion factor of 0.47 (Martin and Thomas, 2011).

2.5. Measurement of coarse-woody debris
Coarse woody debris (CWD) includes debris from fallen trees
and branches, in pieces ≥5 cm diameter and ≥0.5 m in length
(DCCEE, 2013). Stumps left after cutting the trees are also treated as
CWD. CWD were measured in the same sample plot, using the 50 m
transect from the centreline of each inventory plot (i.e., 5 m from
the bank of river). In each transect the diameter of each log, fallen
branch and stump were measured and recorded. Where multiple
sections of the same log crosses the tape each section of the log
was measured separately (DCCEE, 2013). In addition, as suggested
in Woldendorp et al. (2002) each piece of CWD was assigned to
one of the ﬁve CWD decay class, which is linked with speciﬁc mass
decay factor (Table 4). If a piece of log is heavily decayed, it might
have lost a lot of carbon and therefore net carbon left in the log
would be lower.

2.6. Calculating total CWD mass in each plot
In order to estimate CWD mass we need to know the mean wood
density or speciﬁc gravity (SG) for the sample plot. SG of all measured species in a plot was collected from several sources and then
the mean SG of the plot was calculated based on the relative contribution of each species to total standing biomass in the plot. If a plot
is occupied by a single species then the SG of that species becomes
the mean plot SG. As suggested in DCCEE (2013), Eyre et al. (2010)
and Van Wagner (1968), total mass of CWD is calculated by using
Eq. (5). The total mass of CWD was then converted into total carbon

MCWD =

i=n  2 × PSG ×  MDFi × (di/100)2 
i=1

8L

(5)

where:
MCWD is the mass of CWD (t/ha)
PSG is the plot mean SG (in kg/m3 )
“I” is an indexing variable ranging from 1 to n
MDF is the mass decay factor for decay class attributed to the ith
piece of CWD
di is the diameter of the ith piece of CWD measured where it
intersected the transect (cm)
L = the length of the transect, here 50 m.
3. Results
3.1. Trees/shrub biomass and CWD mass
In general, higher biomass is located in excellent category transects, followed by good and poor category transects. As a whole,
excellent sites of Condamine River have higher amount of biomass
whereas poor sites of Hodgson Creek have lower amounts. Similarly, E. camaldulensis dominated transects have highest amount of
biomass followed by C. cunninghamiana dominated forests. CWD
mass (t/ha) of each transect is given in Table 5. Again, excellent sites
of Condamine River have higher amount of CWD mass. However,
CWD mass did not follow the trees/shrubs biomass pattern.
3.2. Comparison of trees/shrub biomass and CWD biomass among
poor, good and excellent category plots
The average above-and-below ground trees/shrubs biomass of
all 17 plots was 319.25 t/ha. The average biomass of poor, good and
excellent plots were 8.8 t/ha, 283.57 t/ha and 613.63 t/ha, respectively (Table 5).
However, surprisingly, one of the “good” category of transects
in Condamine River had higher biomass (793.40 t/ha) than that of
many “excellent” category transects. There are two probable reasons for this: (1) as noted in methodology section, while making
three categories, sum of the total scores of three attributes (trees,
regrowth and habitat) were considered and each attributes were
given equal weight. If only two attributes (tree and regrowth) were
considered for the classiﬁcation, this particular transect would have
fallen under excellent category; and (2) in this particular transect
all trees were E. camaldulensis, a species with highest speciﬁc gravity among the sampled trees. There were fewer trees but these were
of a bigger size.
Similarly, the average CWD mass of excellent transects was
highest (7.02 t/ha), followed by good (3.14 t/ha) and poor (0.32 t/ha)
transects. In general, a plot with higher amount of biomass has
greater amount of CWD mass, but this trend did not followed in
some excellent plots.
3.3 Comparison of biomass and CWD carbon among poor, good
and excellent category plots
A bar diagram comparing CWD and biomass carbon of three categories of plots are shown in Fig. 2. An average of 17 plots showed
that there was about 151.7 tC per hectare. On average, excellent
category of plots have highest amount of CWD and biomass carbon
followed by good and excellent category of plots. In total, the excellent category of transects had over two times the carbon of good
category transects. Surprisingly, in the poor category over 95% of
the total carbon came from tree and shrub biomass and this ﬁgure
was even higher (>98%) in the good and excellent categories. These
results are in line with the sampling results from Central Highlands
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Table 4
Decay classes for coarse wood debris (CWD).
CWD decay class

Description

Mass decay
factor

L1

Most of the bark is present, branches retain
twigs, wood fresh and solid, original colour
Some of the bark remains, twigs absent, some
signs of decay, invading roots absent
Bark generally absent, decay more extensive
but structurally sound, some invading roots or
some termite damage, mosses, herbs, fungi
may be present
log will break apart into blocky soft pieces
when kicked, or can be crushed, some solid
parts may remain, bark absent, branch stubs
can be crushed with hand, invading roots may
be present throughout, termite damage
producing hollows
wood is soft and powdery when dry, may be
reduced to a mound, log cannot support its
own weight or original shape, invading roots
may be present throughout, mosses, herbs and
fungi may be present, log hollow or reduced to
a shell from termite damage or may have
collapsed

1

L2
L3

L4

L5

0.84
0.69

0.46

0.36

Table 5
Average biomass and coarse-wood debris carbon in three different categories of riparian zones in Condamine Catchment.
River or Creek

Category

AGB (t/plot)

AGB + BGB (t/plot)

AGB + BGB

Emu Creek
Emu Creek
Hodgson Creek
Hodgson Creek
Hodgson Creek
Average of poor transects
Spring Creek
Condamine River
Condamine River
Gap Creek
Gap Creek
Condamine River
Average of good transects
Condamine River
Condamine River
Condamine River
Gap Creek
Condamine River
Condamine River
Average of excellent transects
Overall average

Poor
Poor
Poor
Poor
Poor

0.00
1.76
0
0
0
0.35 (CI = −0.34 to1.04)
6.00
13.31
3.09
4.49
10.00
31.90
11.47 (CI = 2.91 to 20.02)
20.33
8.24
18.31
19.82
21.47
59.69
24.64(CI = 10.38 to 38.91)
12.85 (CI = 5.53 to 20.16)

0.00
2.20
0
0
0
0.44 (CI = −0.42 to1.30)
7.45
16.64
3.53
5.28
12.50
39.67
14.18 (CI = 3.46 to 24.89)
25.15
10.29
22.88
24.32
26.84
74.61
30.68(CI = 12.82 to 48.55)
15.96 (CI = 6.82 to 25.10)

0.00
44.00
0.00
0.00
0.00
8.80 (CI = −8.45 to 26.05)
149.00
332.80
70.60
105.60
250.00
793.40
283.57 (CI = 69.28 to 497.86)
503.00
205.80
457.60
486.40
536.80
1492.20
613.63(CI = 256.35 to 970.91)
319.25(CI = 136.43 to 502.07)

Good
Good
Good
Good
Good
Good
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent

(t/ha)

CWD mass (t/ha)
1.19
0.14
0.28
0.00
0.00
0.32(CI = −0.12 to 0.76)
1.38
4.23
0.61
2.41
0.30
9.88
3.14 (CI = 0.26 to 6.01)
4.61
8.47
15.11
2.08
2.42
9.40
7.02(CI = 3.02 to 11.01)
3.68 (CI = 1.57 to 5.79)

Note: AGB is for aboveground biomass, BGB is for belowground biomass and CWD is coarse wood debris. CI refers to conﬁdence interval at 95% conﬁdence level. In poor sites
lower values of CI are negative, mainly because of zero biomass and CWD in many sampled plots. In practice negative values for CWD and biomass are not possible.

of Victoria (Keith et al., 2009). There are two potential reasons for
this: (1) farmers clear (either burn or use for fuel) all debris for various reasons; and (2) some debris could be washed down by the
river/creeks during high ﬂooding event.
The implication of this result is that if we are only interested
in carbon mass, while dividing plots into different categories, we
should not give equal weights to all three attributes. Rather, we
should give higher weightage to trees and regrowth attributes and
much less weight to “habitat” factor, a proxy indicator for CWD.

4. Discussions
4.1. Biomass and carbon mass
The average value of above-and-below ground trees/shrubs
biomass (319.25 t/ha) reported in this study (Table 5) is higher than
that of Preece et al. (2012) and lower than that of Bradford et al.
(2014). Preece et al. (2012) determined the biomass in the rainforest

of north eastern Queensland, and their values ranged from 127 t/ha
to 186.6 t/ha. Discrepancy between the results of Preece et al. (2012)
and this study was primarily due to age of trees and types of biomass
considered. Preece et al. (2012) study was for plantings with less
than 20 years of age and is only for above-ground biomass whilst
this study reported both the above-and-below ground biomass
of trees/shrubs with probable ages in excess of 20 years. Similarly, aboveground biomass (418.5 t/ha) reported by Bradford et al.
(2014) is in line with the values for natural Wet Tropics forests of
Northern Queensland.
Similarly, data derived from 871 inventory plots by Fensham and
Guymer (2009) shows that the average of aboveground biomass
carbon stored in eucalypt open woodland, eucalypt woodland
and eucalypt open forests in sub-humid Queensland are 20 tC/ha,
40 tC/ha and 76 tC/ha, respectively. Our average value (120.8 tC/ha)
from riparian sites are much higher than these values. This indicates
that remarkably high levels of biomass carbon are achievable in our
riparian zones.
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Fig. 2. A bar diagram comparing CWD and biomass carbon of three categories of plots in Condamine Catchment (Note: CI refers to conﬁdence interval at 95% conﬁdence
level). In poor sites lower values of CI are negative, mainly because of zero biomass and CWD in many sampled plots. In practice negative values for CWD carbon and biomass
carbon are not possible.

The maximum amount of total carbon (705.75 t/ha) in E. camaldulensis forest estimated in one of our sample plots seemed very
high. However, one recent research shows that the Australian Eucalyptus regnans forests—a temperate moist forest from the Central
Highlands of Victoria—had the world highest biomass carbon with
a total of 1867 t/ha in living plus dead biomass (Keith et al., 2009).
This ﬁnding is based on research conducted in 13 Central Highlands
sites where most of the trees were over 100 years old. However, on
the basis of single plot outcome we cannot say that the 705.75 tC/ha
is achievable in riparian belt of Condamine Catchment. Therefore,
we prefer to suggest that the average carbon of excellent plots could
be achievable where the soil and climate is favourable for riparian
vegetation.
One of the major co-beneﬁts of riparian forests acknowledged
elsewhere is their rich biodiversity, as they are structurally and
functionally diverse (Naiman and Decamps, 1997). However, optimal widths of riparian plantings to restore biodiversity values are
debatable and the subject of ongoing research (Hansen et al., 2010).
In the Condamine Catchment, there are two types of streams: major
streams with a total length of 1882 km; and minor streams with
a total length of 10,174 km (Apan, 2007). If we assume a riparian
zone of 50 m either sides of the streams, that 40% of these streams
are signiﬁcantly disturbed and 50% of the non-vegetated area is
not suitable for plantings (due to highways, houses etc.), 24,112 ha
remains available for planting. This is about 0.96% of the catch-

ment area. Our estimation shows that the average of total carbon
for excellent plots was 291.7 t/ha. Therefore, establishing MSEPs
in these riparian areas (24,112 ha) could store up to 7.03 million
tonnes of additional carbon.
As noted, biodiversity beneﬁt and several other ancillary cobeneﬁts of MSEPs along the riparian zone is enormous. Therefore,
landholders should be encouraged to undertake MSEPs within a
50 m riparian buffer zone along all major and minor streams. This
would provide both adaptation (ﬂood control, soil erosion control,
biodiversity etc.) and mitigation beneﬁts. As the methodology for
MSEPs is already approved by the Australian Government, farmers
can be paid for the stored carbon.
4.2. Translating research into policy process/outcomes
This project was conducted with the ﬁnancial assistance of the
Australian Government. Examples where this type of work has contributed to policy development include the Condamine Alliance’s
application of the results of this study to: (1) update the regional
NRM plan; (2) inform the Bayesian model; and (3) develop a
regional healthy waters management plan which will be an addendum to state legislation (www.nrmplan.com.au; Ticehurst, 2014).
Similarly, CO2 Australia is currently managing over 28,000 hectares
of carbon plantings in New South Wales, Victoria and Western
Australia. Through action research they have realised a wide range
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Table 6
Types of forest projects (except savannah burning projects) under the Emissions Reduction Funds (previously called Carbon Farming Initiative).
Methods

Descriptions

Number of registered projects

Human-Induced Regeneration of a Permanent
Even-Aged Native Forest—1.1
Native Forest from Managed Regrowth:
Methodology Determination 2013 made on 6
November 2013
Quantifying Carbon Sequestration by
Permanent Environmental Plantings of
Native Species using the CFI Reforestation
Modelling Tool: Methodology Determination
2012 (made on 8 June 2012)
Quantifying Carbon Sequestration by
Permanent Mallee Plantings using the
Reforestation Modelling Tool: Methodology
Determination 2013 made on 2 April 2013
Reforestation and Afforestation Methodology
Determination 2013
Reforestation by Environmental or Mallee
Plantings—FullCAM: Methodology
Determination 2014

The human-induced regeneration of native forest on land that was
subject to deforestation and suppression activity
The human-induced regeneration of native forest on land that was
subject to a comprehensive clearing for pastoral use

5

The establishment and management of permanent native forests that
increase removal of carbon dioxide from the atmosphere. The
abatement activity includes planting and/or seeding native species on
cleared or partially cleared land
The establishment and management of permanent native forests that
increase removal of carbon dioxide from the atmosphere. The
abatement activity includes planting and/or seeding native mallee
species on cleared or partially cleared land
The reforestation of cleared land and afforestation on land where no
forests previously existed in order to sequester carbon
The establishment and management of either a permanent native
mixed-species or mallee planting on land that was clear of forest cover
for a minimum of ﬁve years prior. Abatement is calculated using the
FullCAM tool

8

14

1

13
2

Adopted from Department of Environment (2015).

of co-beneﬁts of riparian plantings. Therefore, their recent biodiverse plantings near Dubbo (in NSW) also targeted the riparian
zone (Department of Environment, 2014).
This paper offers a contribution to the deliberations of the Australian Government Emissions Reduction Fund (ERF). Australia is
the highest per-capita greenhouse gas (GHG) emitting country
(24.3tCO2e/person) in the world and in order to meet its unconditional 2020 target of 5% below 2000 levels, Australia must reduce
its emissions by 131 Mt CO2 e in 2020 (Department of Environment,
2013). The Australian Government has committed $2.55 billion
for the Emissions Reduction Fund (ERF) to enhance productivity,
gain economic beneﬁts and help the environment by meeting its
emission reduction target (Australian Government, 2014). The ERF,
previously known as the Carbon Farming Initiative, allows farmers and land managers to earn carbon credits by storing carbon
or reducing GHG emissions on the land. Several types of forestry
activities are eligible under the Fund. As of 4 February 2015, 203
ERF projects have been approved and >14.6 million Australian
Carbon Credit Units (ACCUs) have been issued to these projects
(Department of Environment, 2015). Of them, around 43 projects
are related to forestry activities (Table 6).
Given the importance of mixed species environmental plantings
(MSEP) in the riparian zone it could be one of the better options to
pursue under the ERF. These plantings plays a critical role in river
health, on-farm productivity and income, biodiversity and sustainability and adaptation and mitigation to climate change (Williams
et al., 2013), Moreover, compared to block plantings, plantings in
narrow belts of 3–4 rows can increase stem volume by up to 20–29%
due to decreased intra-speciﬁc competition for light, water and
nutrients (Henskens et al., 2008; Paul et al., 2012); stem volume
is even higher (39%) in MSEPs (Paul et al., 2009). Therefore, MSEPs
along the river will deliver more timber and greater carbon sequestration than block plantings.

The average total carbon of all 17 transects was 151.7 t/ha. The
average of excellent sites (291.7 t/ha) is much higher than the average of several other studies conducted in Queensland. Potential
improvements of two times the “good sites” carbon average and
67 times the “poor site” carbon average are achievable in riparian
zones of Condamine Catchment through reestablishment, maintenance and enhancement of biodiverse native habitat. Therefore,
riparian forests are not only valuable for biodiversity and ecosystem
services, but are equally crucial for carbon sequestration, mainly
because of fertile soils and abundant soil moisture.
Due to limited time and resources we had divided riparian zone
only into three different categories. Therefore, within a category
there was a large variation in biomass and CWD carbon. If we can
divide riparian zone into more categories, we may accurately predict carbon mass for the given category and therefore for the whole
riparian zone. More research across a larger number of samples is
required to determine if these results are indicative of the situation
in the broader riparian zone.
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