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EXECUTIVE SUMMARY

This brief report accompanies the completed Work Package 1 meta-analysis database which
reviews all of the Total Soil Carbon (TSC), Greenhouse Gas (GHG) and Soil Organic Carbon
(SOC) data evaluated from the selected literature sources arising in the literature review.
The meta-analysis used the parameters and the methodology described in earlier
deliverables - D1.3 and D1.2 respectively.

This work identified published UK-relevant data for Land-Use Change (LUC) to bioenergy
crops, and importantly, identified significant gaps or weaknesses in the literature.

The main finding from this analysis is that a conversion to second-generation bioenergy
crops (SRC and perennial grasses) is generally beneficial in reducing GHG emissions and
increasing carbon stored in the soils. Comparison of all metrics used shows that conversion
to perennial grasses from arable cropping may be more beneficial than a conversion to SRC.
Conversions to 1 generation cropping systems from grassland or forest has a negative
impact, with increased GHG emissions and decreases in soil carbon. These findings are in
agreement with those found in the extensive literature review of D1.2 and are mainly due to
management practices employed during cultivation.

A limitation in this analysis was the availability of empirical data which documents the effects
of land-use conversions to bioenergy crops. Field-based measurements are in short supply
for soil properties and GHG emissions in these novel cropping systems. The data which
were incorporated into this analysis were mainly modelled data and this highlights the need
for experimental work on bioenergy crops in the UK to provide sufficiently robust real-world
data that can enhance the ability to model bioenergy-related land-use transitions. These
aspects are built into Work Package 2 and Work Package 3 of the ELUM project, where
significant soil carbon and GHG flux data are being collected.

The meta-analysis conducted quantifies the effects of land-use change to bioenergy but
results need to be interpreted with caution, primarily due to limited primary data sources and
the necessity to used modelled and boot-strapped data. The deliverable confirms the
essential importance of collecting empirical data on the impacts of land-use transitions on
soil-based processes. This is why the research of ELUM is critical.

Although not the primary aim of the work undertaken in WP1, data from this deliverable in
the form of the final database will also be fed into WP4 where any useful data can be used in
the model to further improve its ability to predict land use change effects.
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The deliverable and acceptance criteria for this report are as follows:

Deliverable D1.5: Database (complete) of data for WP4

Acceptance Criteria:  This database will be in Microsoft Excel or Access, or
something similar (agreed with the ETI prior to submission).
All literature reviewed must be clearly listed, dated and
categorised into high, medium and low in terms of 'reliability
as accurate source of information'. Information will also be
classified into a system which reflects 'input parameter class'.
Full references / links to source must be provided, along with
a short summary of information provided in the referenced
papers, along with indication of whether information used in
report. The database must be provided on DVD and
electronically via the VPN. A clear meta-data description will
be provided, which dates the database, provides key author
and future contact name / details and highlights any post-
processing that has occurred.
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1. AIMS

The aim of this deliverable is to assess the state of the current literature on land-use change
effects to bioenergy and to quantify the scale of these effects, specifically focusing on total
soil carbon, greenhouse gases and soil organic carbon. Our intention was to link the
systematic review of the literature, with precisely defined search terms, to the approach of a
meta-analysis, for the three metric identified here.

2. METHODS

2.1 Literature Search

The D1.2 literature search undertaken for this project was completed in a systematic manner
to ensure that all relevant literature was captured without bias. The search involved a
structured search string and used three search engines which would allow us to capture
peer-reviewed scientific literature, government reports and other forms of grey literature.
This search stage was comprised of 1024 unique searches which resulted in a total of 5786
individual references once duplicates were removed. These papers were firstly ‘raw
processed’ by assignment of the categories ‘useful’ and ‘not useful’ based on a pre-defined
selection criteria. The criteria for section were:

e the location (to be relevant to the UK context, therefore temperate and not tropical),

e the species concerned (inclusive of first and second generation bioenergy crops, but
only those relevant to the temperate land-use defined above)

e the mention of the metrics which we used in the meta-analysis

After this first round of processing, the papers were more carefully inspected to extract the
data in pre-defined units for the meta-analysis, performing standard unit conversions if
required.

See Appendix | for full search methodology
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2.2 Meta-Analytical Methods

A meta-analysis is a method used in many types of science from the biological to the social.
The purpose of a meta-analysis is to review previously published data in a rigorous way to
provide a quantitative result, based on a proper statistical analysis. It allows the data from
many papers to be synthesised and thus enables trends and patterns to be identified, and
variation between studies highlighted — this is particularly important in many areas in science
due to large volumes of data that are published rapidly (Rosenthal & Dimatteo, 2001). Most
notable of meta-analyses conducted in the field of plant and environmental science include
that of Curtis and Wang (1998) who looked at the response of woody plants to elevated CO.,
Ainsworth et al. (2002) similarly looked at elevated CO, but in soybean and finally that of
Wittig et al. (2009) assessing the impacts of ozone on trees of the northern hemisphere
forests. Their work illustrates that the meta-analytical technique is well developed and suited
to differential treatments. The main limitation of a meta-analysis in this context is the need
for an ‘effect size’ metric which essentially is a control which all the bioenergy crop
‘treatments’ will be measured against to allow us to quantify their effects. If a paper has not
reported means and error terms for the previous land use to bioenergy or has not quantified
the result of the changes, the paper is unable to be included in the analysis as an effect size
cannot be calculated. Although acceptable, this is time-consuming. A second major problem
with the current meta-analysis on bioenergy crop transitions is availability of datasets from
bioenergy plantations themselves. It is interesting to note that most of the ecological meta-
analyses conducted to date (Medlyn et al., 2001; Morgan et al., 2003; Jeffery et al., 2011)
have been focused in areas where large amounts of funding with significant experimentation
has been undertaken, globally, in many simultaneous studies over several years and
decades. This has not been the case until very recently in the area of bioenergy cropping
and soils, although new experimental studies, initiated from 2008 onwards are now
becoming available for analysis. It was highlighted in a recent publication that the number of
meta-analyses being conducted in the field of ecology has increased vastly in the past few
years and in general, they are becoming an ever more powerful tool for elucidating the
effects of multiple studies (Cadotte et al., 2012).

In a previous deliverable (D1.2) it was stated that the statistical package to be used for the
analysis was MIX however this was changed to CMA (Comprehensive Meta-Analysis), also
identified as suitable in D1.2, but significantly more expensive. However following a training
course by ZH in this package it was considered more suited to the project. A detailed outline
of the CMA meta-analysis software and some FAQs can be found in Appendix 1 (A1.2).

Data were first sorted into spreadsheets containing the metrics of interest, total soil carbon,
GHG emissions and soil organic carbon, and then each bioenergy type was given an
individual workbook. Since data were limited for individual species, bioenergy types were
grouped into SRC, perennial grasses, 1% generation and SRF (Table 2.2.1). Where
necessary, conversions into standardised units were made to allow comparison of data
across studies where they are often reported in slightly different units. Error terms were
added to the data where necessary. See Appendix Il for a full reference list of papers used in
the analysis.

The number of papers included in the analysis is significantly less than the number of papers
which were originally extracted and entered into the spreadsheets. This is because many
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papers which were extracted included those without a transition from an original state. These
data are of value in themselves and still provide an important evidence-base for ELUM, but
are difficult to apply in meta-analysis. Although one option is to use a ‘standard’ term for the
original land use such as ‘arable soil carbon’, this in itself can lead to errors in interpretation.
Here, a precautionary approach has been taken and only papers with a true transition have
been presented in this analysis.

Table 2.2.1: Grouping of bioenergy land use types and species they could include

e PO NP PN

o 1 Inheiva Q H
ypr© MIUIUSIVE UPTULITS

Shart Rotation Coppice (SRC) Willow
Poplar
Perennial Grasses Miscanthus

Switch grass
1% Generation Wheat

Oil Seed Rape
Corn

Barley
Triticale
Sugar Beet
Short Rotation Farestry (SRF) Eucalyptus

Beech
Poplar

In order to perform a meta-analysis a mean error term is required, the most basic being the
standard deviation (SD) and sample size (n). In many of the papers included in the analysis
error terms were not presented and in this instance authors were contacted. Of 21 authors
contacted, 16 replied and most of these replies were helpful; some highlighting that data
were modelled and therefore error terms often did not exist and others replied with additional
data which could be added to the analysis. Where data was modelled, error terms were
often not reported and upon contacting several authors it was found that these outputs do
not generate error terms suitable for inclusion in the meta-analysis, since a sensitivity
analysis is given in most cases which will allow the reader to gauge how effective the model
has run and how accurate parameterisation has been but unfortunately does not quantify the
error around the presented means. As a result, all modelled studies which do not have error
terms (as well as field studies missing error terms) have been entered into the bootstrapping
methodology to allow them to still be included in the analysis.

Bootstrapping works by resampling a population so many times over to generate a mean,
standard error and 95% confidence limits. So data of the same transition, for example all
arable to SRC means, were bootstrapped to allow their inclusion in the meta-analysis.
Bootstrapping was performed using a script in R and resampling occurred with replacement
at the rate of 10,000 bootstraps, exceeding the minimum recommended for data to be
included in a meta-analysis (Adams et al., 1997). The bootstrapped value was then included
in the meta-analysis along with original research data which included error terms.
Bootstrapping was only used where there were 10 or more mean values without an error
term. For transitions where replication was less than this, an arithmetic mean was calculated.
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A meta-analysis was run to compute an effect size of the data for one specified transition
(e.g. SRC) then sub-grouped into the previous land use (e.g. from arable, etc.). A random
effects model was applied to the analysis. A fixed effect model assumes that studies will
share one true effect size and that studies are functionally identical (e.g. a comparison of
clinical trials or highly controlled experiments) which is not the case due to the varying
locations of studies and how measurements were made. Whereas the random effects model
assumes that the true effect size will vary from study to study, so the calculation of the effect
size will take into account the between study variance as well as the within study variance,
with the fixed effect model only considering within study variance as between study variance
is assumed negligible (Borenstein et al., 2009).

In this report effect sizes will be reported in the format of Hedges g, this was chosen due to
the data type being used, independent mean observations and pre-and post- study designs.
Hedge’s g is a standardized mean difference between the previous land-use group and
bioenergy land-use group using the pooled standard deviation of the two groups (see
equations 2.2.1 and equation 2.2.2). In the presented figures, Hedges g is presented as the
mean effect (vertical line) with the upper and lower limits of the 25" and 95" confidence
intervals shown passing through the mean (horizontal line).

(2.2.1)

_ XPrevious land use — XBioenergy land use

g qD‘nuulcd
where
(2.2.2)
( ERY Y L (o N\cpn?
SD _ UtPrevland use +)J9PPpreviand use ' \U'Bionergy land use +J“"Bioenergy land use
Pooled Np ) o + ng: o =2
Previand-use Biones -gy-tard-se

Hedge’s g is a bias-corrected standardized mean difference and is able to correct for
positive bias when sample sizes are small, corresponding to an approximate 4% reduction in
effect when the sample size is 20, and 2% when the sample size is 50 (Hedges and Olkin,
1985). Hedge’s g is now the preferred means to report a standardised mean difference in
meta-analyses as it provides more accurate estimates of effect size due it being based on
the pooled variance rather than the variance of one study (which is the case with Cohen’s d,
the first commonly recognised effect size; see equation 2.2.3).

d= VS. g =

(2.2.3)

To make the analysis more meaningful, transformation into a percentage change could be
applied; however due to the nature of the available data in this case, attempting
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transformation will significantly lower the number of observations which can be included (if at
all) producing a very weak meta-analysis.

It was originally planned to complete a comparison between field observations and modelled
data however due to the limited data available it has been necessary to combine these two
to allow completion of a meaningful meta-analysis.

3. RESULTS

A summary table showing the measures and transitions where there was adequate data to
enter an analysis can be seen in table 3.1.

Table 3.1: Analyses that have been run for the land use transitions from arable/grass/forest to bioenergy
cropping systems for the measures total soil carbon, GHGs and soil organic carbon. A tick indicates where there
was sufficient data to enter into analysis, and where a cross indicates too few data points to enter analysis.

Tnfal ﬁni
soll GHG emissions Organic
carbon Carbon
Crop Crop Crop Crop Whole  Whole Whole  Whole
Life Life Life Life LCA LCA LCA LCA
Cycle Cycle | Cycle | Cycle | CO, N.O CH,4 All
CO, N,O CH, All
Aable . SRC » l
Grass — SRC x x x x x ’e
Forest — SRC % v v % % % %
LALDl o
. X X X X X
Perennial Grasses
Grass —
. X X X X X X X X
Perennial Grasses
Forest —
. X X X X X X X X X
Perennial Grasses
ﬁ;ass = 1St (—‘.en
X X X X
Crops
Forest — 1% Gen
X X X X X X X X
Crops
————— " ‘e ‘e ‘e ‘e " ‘e " " o
Grass — SRF % % % % % % % % % .
Forest — SRF % % % % % % % % % %

Results are discussed from the perspective of ‘transition from’ to allow a comparison of the
effect to different bioenergy land-use types. In the case of transitions from arable, a
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transition to 1 generation bioenergy cropping systems will not be discussed as the same
crops are used for 1* generation and arable farming, therefore there is no comparison. The
main difference between the management of these two crops is the processing of the
harvested crop which has not been found to have been discussed in any of the literature
covered.

3.1. Total Soil Carbon

For all transitions covered in total soil carbon the conversion to SRC crops is by far the most
extensively available and able to be analysed using meta-analytical techniques. Figure 3.1.1
shows the output from the analysis with all transitions where there was sufficient data to
enter into the analysis, with effect sizes in Hedges g.

There were significant gaps in the data for certain transitions and they could not therefore be
included in the analysis. There were no relevant data found for land-use conversions to SRF
with respect to total soil carbon. Papers which were originally extracted turned out to be
inappropriate for this study due to species and location, namely eucalypts in Australia. As for
transitions to perennial grasses, not only was there insufficient data to cover the transitions
from grassland and forest to perennial, there were no papers found which had any data
extracted for these land-use conversions for the search years covered.

If we examine the individual points on the meta-analysis, as we would expect, the data with
the largest error terms are those which have been bootstrapped, since these data have been
amalgamated from a number of different sources and scenarios. It is also important to note
that in some cases, such as arable to SRC, the bootstrapped data were consistent with the
actual measured values shown in Figure 3.1.1., providing confidence in the data output and
analysis.

While all summary effects can be used to show changes as a consequence of transition to
bioenergy, the effect of these changes in some cases appear to be statistically significant,
namely arable to perennial grasses and grass to 1% generation crops. This can be seen by
looking at the p-values which are produced for these summary effect size and also if the
lines representing the confidence intervals cross over the mid-line 0.00 which is the ‘null’ or
no response result.

3.1.1 Transitions from Arable

It can be see that a transition from arable to SRC results in a small increase in soil carbon,
which is consistent with findings from the literature in D1.2. The conversion from arable to
perennial also shows an increase in the total soil carbon but this is much larger than that of
SRC, and is also statistically significant. However, it must still be noted that this sample size
is still very small to compute a summary effect (as shown in Figure 3.1.1). These are data
from one ‘original’ study where error terms were included and the other data included in the
analysis came from bootstrapping data from 25 data points from one other study.
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3.1.2 Transition from Grassland

Grass to SRC shows the most profound change in soil carbon compared to the other
land-use transitions, resulting in a greater decrease total soil carbon than that of a forest
transition to SRC.

The only transition which was entered into the analyses for conversion to 1% generation
bioenergy crops was that from grassland. However, the only data entered into the analysis is
that of bootstrapped data (n=11) as there were no papers which presented error terms, since
all the included papers were modelled, with no available error term. The effect of this is a
statically significant moderate-to-large reduction in total soil carbon when grassland is
replaced by 1 generation bioenergy crops.

3.1.3 Transition from Forest
The only forest transition to bioenergy that was covered was that to SRC which showed a
small but insignificant decrease in soil carbon from forest to SRC.
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Groupby

Transition From

Arable to Perennial
Arable to Perennial
Arable to Perennial
Arableto SRC
Arableto SRC
Arableto SRC
Arableto SRC
Arableto SRC
Arableto SRC
Arableto SRC
Arableto SRC
Arableto SRC
Arableto SRC
Forest to SRC
Forest to SRC
Forest to SRC
Forest to SRC
Forest to SRC
Forest to SRC
Forest to SRC
Forest to SRC
Crrass to 1st Gen
Crrass to 1st Gen
Crass to SRC
Grass to SRC
Grass to SRC
Crass to SRC
Grass to SRC
Crass to SRC
Grass to SRC
Crass to SRC
Crass to SRC
Grass to SRC
Crass to SRC

Study name

Dondini, 2009
Bootstrapped Arable

Bootstrapped arable
Girigal & Berguson, 1998
Girigal & Berguson, 1998
Arevaloetal, 2009
Arevaloetal, 2009
Arevaloetal, 2009
Arevaloetal, 2009
Arevaloetal, 2009
Arevaloetal, 2009

Arevaloetal, 2009
Arevaloetal, 2009
Arevaloetal, 2009
Arevaloetal, 2009
Arevaloetal, 2009
Arevaloetal, 2009
Bootstrapped Forest

Bootstrapped grass to 1st gen

Grigal & Berguson, 1998
Girigal & Berguson, 1998
Girigal & Berguson, 1998
Arevaloetal, 2009
Arevaloetal, 2009
Arevaloetal, 2009
Arevaloetal, 2009
Arevaloetal, 2009
Arevaloetal, 2009
Bootsrapped Grass

Hedges's
[*]

5.049
3190
3563
0.184
0.000
0519
0.244
0.065
3.244
0436
0.048
0.260
0.249
032
0.176
0.975
-1.636
1.922
0.848
-1.117
0.011
0.966
0.966
0.27
0.753

0.178
0.079
2707
2924
0419
0488
-1.006
0.625

Statistics for each study
Standard  Lower  Upper
errar limit limit
1597 1918 817
0694 1829 4551
0744 2106 5021
0321 0446 0814
0273 0535 053%
0278 1064 005
0225 0197 068
0224 0505 0374
0343 2571 3916
0227 081 0009
0224 0391 048
025 0701 018
02%5 0330 088
026 0051 08%
0225 0264 0616
0237 1440 0510
0260 2145 1127
0272 1389 245
024 0339 1307
07% 2676 0443
0458 0908 0887
040 -196 -0.006
040 1926 -0.006
0274 0310 0764
0283 0198  1.307
0273 053% 053%
0225 0263 0618
0224 0519 0361
0312 3318 20%
034 3559 228
0227 083 005
0228 094 0042
0677 2334 0321
0351 -1313 0083

pValue

0.002
0.000
0.000
0.567
1.000
0.062
0277
0771
0.000
0.0%5
0.829
0.249
0.400
0.083
0433
0.000
0.000
0.000
0.000
0.161
0.981
0.049
0.049
0407
0.008
1.000
0429
0.724
0.000
0.000
0.065
0.032
0.137
0.075

8.00

4.00

Decrease inTotal Sail Carbon

||! **. $ot

——
——

——

——)

——

Hedoes's gand 95% Cl

.*II

I

4.00

Increase in Total Sail Carbon

8.00

Figure 3.1.1: The effect of land-use change to bioenergy crops on total soil carbon. Bootstrapped data (where no error terms were available) and original study data are shown
in black. Summary effect sizes are shown in orange with the mean and 95% confidence intervals.

Page 12 of 26



3.2. Greenhouse Gas Emissions

Greenhouse gas emissions were assessed only for the crop life cycle, so through fixation by
photosynthesis and respiration. Data was acquired for a ‘whole LCA’ approach but due to
inconstancies with biomass processing methodology and conversion efficiencies these were
not included in this analysis. GHGs include carbon dioxide (CO,), nitrous oxide (N»O),
methane (CH,) and ‘all’, where they have been summated and reported as one value. In
order to allow a more harmonious comparison, all GHG data are reported in kg CO,-
equivalents.

The error bars around the GHG data are larger when compared to those for total soil carbon
data and the soil organic carbon. There could be several reasons for this: 1) the data is
measured using several different techniques; 2) fluxes of some GHGs at certain sites can be
very low and therefore there is inherent error in the ability of the techniques to measure such
low quantities; and 3) because there are so few data.

The summary effects of the analysis (Fig 3.2.1) are grouped by the land-use transition and
therefore could include individual data of the GHGs, which are shown in the figure as to
which lines of data correspond to which GHG measured. Due to the limited data this is the
most sensible way to try to draw some conclusions.

For all the analyses, there was insufficient data for SRF. There was one paper which
presented data but because this data was modelled, it was inadequate to be included in the
analyses due to lack of error terms.

3.2.1 Transitions from Arable

The transition with the most data is that of arable to SRC, the summary effect of this
transition (Fig. 3.2.1) shows that there is a decrease in GHG emissions when the land is
converted from arable cropping to SRC willow or poplar. This result is in agreement with
findings from the literature reviewed in D1.2. Arable to perennial grasses shows a slightly
larger reduction in GHG emissions compared to SRC, but this summary effect has smaller
error bars which mean that the effect can be considered relatively precise, more so than
arable to SRC.

3.2.2 Transition from Grassland

Grassland to SRC (Fig. 3.2.1) was the only transition which showed a decrease in the GHG
emissions. This decrease is more than that when converting from arable crops as discussed
above. This result is very interesting as this is one of the transitions for which less
information is available and is also one of the transitions being monitored in the ELUM
project. Grass to 1% generation crops shows a significant increase in greenhouse gas
emissions, despite the large error bars on the summary effect, both of the lines of data
entered to calculate this effect still show an increase in emissions.

3.2.3 Transition from Forest
For crop life-cycle there were no available data which could be entered into analysis to
assess the effects of conversion from forest to bioenergy crops on GHG emission.
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Group by Study name GHG Measured Statistics for each study Hedges's g and 95% Cl
Transition From
Hedges's Standard Lower Upper

g error limit limit p-Value
Arable to Per BS Arable to Per All -0.272 0269 -0.799 0.256 0.313 —-
Arable to Per BS Arable to Per CO2 -1.464 0.827 -3.086 0.158 0.077 —
Arable to Per -0.611 0.538 -1.666 0.444 0.256
Arable to SRC BS Arable to SRC CO2 -1.712 0.998 -3669 0.245 0.086 —_—
Arable to SRC BS Arable to SRC N20 0.285 0291 -0285 0.855 0.328 -
Arable to SRC -0.485 0972 -2389 1.419 0.618
Grass to 1st Gen BS Grass to 1st Gen CO2 6.110 235 1.493 10.727  0.009
Grass to 1st Gen BS Grass to 1st Gen N20 0.189 0.174 -0.152 0529 0.277 -II-
Grass to 1st Gen 2.683 2924 -3.047 8414 0.359
Grass to SRC BS Grass to SRC CO2 0.276 0.493 -0.690 1.242 0.576 —ri—
Grass to SRC BS Grass to SRC N20 -1.866 0.687 -3.211 -0.520  0.007 -_—
Grass to SRC -0.742 1.069 -2.838 1.354 0.488 I

-8.00 -4.00 0.00 4.00 8.00

Decrease in GHG emissions

Increase in GHG emissions

Figure 3.2.1: The effect of land-use change to bioenergy crops on GHG emissions. Transitions include arable to perennial, arable to SRC, grassland to 1* generation and
grass to SRC. All data included have been bootstrapped (where no error terms were available); shown in black. Summary effect sizes are shown in orange with the mean and
95% confidence intervals.
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3.3. Soil Organic Carbon

3.3.1 Transitions from Arable

The transition from arable to SRC resulted in a very slight increase in SOC, with the
summary effect showing very small error bars due to the large sample size. All of the data
for this transition were from field experimentation and the error terms were supplied by
contacting authors and so confidence in the dataset is high. There was no opportunity to
bootstrap data for this transition as there was only one study which was modelled, without
error terms and was therefore excluded from the analyses.

The transition for arable to perennial grasses also showed an increase in SOC but this result
must be interpreted with caution as it is only from one study, as again as with the SRC there
was insufficient data to perform bootstrapping.

3.3.2 Transition from Grassland

The only transition for SOC that covers from grassland was that to 1* generation bioenergy
crops which shows a large decrease in SOC. This data does not include any field studies but
only modelled data which have been bootstrapped.

There was insufficient data to cover the transitions to SRC and perennial grasses to assess
the effects on SOC.

3.3.3. Transition from Forest

The analysis showed an increase in SOC when forest is converted to SRC. The effect is
slight but is also one of the only statistically significant results seen in the analysis as it does
not cross the mid-line which can be considered the null hypothesis in statistical terms. Again,
caution must be exercised when interpreting these data as they were from one field study.

There is a decrease in SOC when forest is converted to 1% generation bioenergy crops
which is a result that is to be expected, however this is only based on modelled simulations
and the data included in the meta-analysis has been bootstrapped.
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'?rr::s')n%,n From Study name Statistics for each study Hedges's gand 95%Cl
Hedges's Standard Lower Upper

q error limit limit __p-Value
Arable fo Per Dondini, 2009 0559 0673 -1878 0760 0406 —.—'—
Arable to Per 0559 0673 -1878 0760 0406
Arable o SRC Coleman, 2008 0030 0159 -0282 0343 0.850 -+
Arable to SRC Coleman, 2009 -0047 0159 -0359 0266 0769 —<
Arable to SRC Coleman, 2009 -0098 0160 -0411 0215 0538 —+
Arable o SRC Lockwell,2011 0879 0414 0068 1690 0034 —_—
Arable o SRC Lockwell,2011 5110 0800 3542 6678 0000 —
Arable to SRC Lockwell, 2011 1273 0432 0426 2120 0003 —_—
Arable to SRC Lockwell, 2011 -0331 0398 -1.112 0450 0406 —t
Arable to SRC Lockwell, 2011 0848 0412 0040 1656  0.040 e
Arable to SRC Lockwell, 2011 -1656 0581 -2795 -0517  0.004
Arable to SRC Lockwell, 2011 -2554 0681 -3889 -1220  0.000
Arable to SRC Lockwell,2011 -1923 0608 -3.115 -0732  0.002 —
Arable to SRC Lockwell, 2011 -1.380 0438 -2238 -0521  0.002 —
Arable to SRC Lockwell, 2011 0408 0387 -0350 1.166 0291 -
Arable to SRC Lockwell, 2011 4914 0760 3424 6403 0000 —
Arable to SRC Lockwell, 2011 0618 0392 -0150 1386 0.115 1
Arable to SRC Lockwell, 2011 0374 0386 -0383 1130 0333 o —
Arable to SRC Lockwell, 2011 1035 0407 0237 1833 0011 —_—
Arable to SRC Lockwell, 2011 1880 0591 -3038 -0722 0001
Arable to SRC Lockwell, 2011 0872 0512 -1875 0132 0089 —_—
Arable to SRC Lockwell, 2011 -1329 0542 -2390 -0267 0014 —_—
Arable to SRC Lockwell, 2011 -0638 0392 -1407 0431  0.104 —t
Arable to SRC 0.071 0230 -0380 0521 0759 ]
Forestto 1stGen BSForestto 1stgen -0441 0543 -1505 0623 0417 —.-'—
| Forestio 1stGen -0.441 0543 -1505 0623 0417 '
Forestto SRC Coleman, 2009 0.849 0238 0382 1315 0.000 l_+
Forestto SRC Coleman, 2009 0121 0231 -0331 0574 0600
Forestio SRC Coleman., 2009 0525 0234 0067 0983 0025 —
Forestio SRC 0495 0210 0083 0908 0019
Grass o 1stGen BSGrass to 1stGen -1.180 0782 -2713 0354 0.132 ——
Grass © 1stGen -1.180 0782 -2713 0354 0.32 i

-8.00 -4.00 0.00 4.00

Decrease inSOC

Increase in SOC

Figure 3.3.1: The effect of land-use change to bioenergy crops on soil organic carbon (SOC). Transitions include arable to perennial, arable to SRC, forest to 1% generation

bioenergy crops and grassland to

1St

shown in orange with the mean and 95% confidence intervals.

generation. Bootstrapped data (where no error terms were available) and original study data are shown in black. Summary effect sizes are
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4. CONCLUSIONS AND FUTURE WORK

We have completed a meta-analysis using available data for land-use transitions to
bioenergy crops. The conclusions that can be drawn from this analysis have been
summarised in Table 4.1.

Table 4.1: Summary of the effect on conversions to bioenergy cropping systems based on outputs from meta-
analysis. Direction of arrow indicates increase (1), decrease (|) or no change («<). Colour of arrow indicates
effect with green being positive and red negative. A dash indicates where there was insufficient data.

Transition from Transition to: TSC GHG SOC

oRw <—>

Arable Perenniatgrasses i

oDE
oRr - - -

NI ¢ -

Perenmial-grasses = = =
Grass

Perenmial-grasses = = =
Forest

—t*gen = = 1)

oDE
oRr - - -

It can be seen from Table 4.1 that in general a conversion from arable to any form of
bioenergy perennial cropping system, is positive, from forest is generally negative and from
grass is a little less certain. This reflects the conclusions which were drawn from previous
work conducted in D1.2. The most striking feature of Table 4.1, is that there are no data on
SRF. Whilst a few papers did present data, there was a lack of experimentation taking place
of the effects of a conversion to bioenergy cropping in temperate climates. It was also
observed from this analysis that the transition with the most data was that to SRC crops,
reflecting the fact that this type of energy crop has a longer history, with its wide deployment
across Scandinavian Europe and the USA for heat and power, from the 1970s.

The summary Table 4.1 has several caveats and limitations, of which the reader should be
made aware. The most obvious is the limited field experimental research taking place into
the effects of land-use change to bioenergy cropping systems. While an attempt has been
made in this deliverable to quantify these effects it is very difficult to draw robust conclusions
on such a limited dataset. Where possible original data, with error terms have been included
and has no doubt been valuable to the analysis. Modelled data are more problematic, since
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although undoubtedly of value, they tend to be inappropriate for meta-analysis. The main
problem being lack of error terms, which therefore leads to an over-use of bootstrapping that
may lead to erroneous conclusions on size effects. Another problem with modelled data, in
this case, is the effort and time required to elucidate underlying parameters which are
entered to generate the model that may limit its interpretation significantly.

The sophistication of the meta-analysis was also limited due to availability of data. For
example, soil sampling depth and bulk density are both important in understanding the
storage of terrestrial carbon as both total soil carbon and soil organic carbon in this case, but
due to lack of data their effects on the metrices, were ignored. Sampling depth will have a
large effect on the amount of carbon stored as typically the deeper layers will contain more
carbon compared to the shallow layers which undergo more disturbance, and the interaction
of the vegetation type will affect how carbon is distributed along the profile. If in the analyses
there was a bias towards a certain sampling depth, both total soil carbon and soil organic
carbon could be under- or over- estimated. Bulk density is also important as it is in indicator
of soil compaction and can influence the ability of soil to hold nutrients, water and carbon.
When reporting stored carbon, studies will sometimes correct for the bulk density of their soil
to give a more accurate estimate of soil carbon but other do not — this will affect the accuracy
and continuity of the values in the meta-analysis.

In the general domain of meta-analytical technique there are further limitations in addition to
those mentioned above. One potential limitation is publication bias: the phenomenon where
authors will only tend to publish results which are statistically significant or there is a bias
towards using studies that they are most aware of. This problem is likely less apparent in the
natural sciences, compared to perhaps to the social sciences where meta-analyses are often
applied to large qualitative data sets. To ensure that no bias is present here the analysed
papers here are those from the systematic review conducted as part of D1.2.

The work conducted from all of Work Package 1 has been useful in informing the activities of
other work packages. The work shown here emphasises the need to include sampling depth
and bulk density — both of which are being considered in WP2 and WP3, where metre deep
cores are being taken and the carbon assessed along this gradient. The database generated
here will feed into the WP4 modelling work to help parameterise the model, uncovering data
which may not have been previously known to the WP4 team.
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Appendix I: Full Methodology

A1.1 - Search Methodology

The initial search method was developed in 2010 by Mathew J Tallis and was adapted by
Zoe M Harris in 2011 when the work began. Searches were conducted using three
commonly used search engines, namely Google Scholar, Science Direct and Web of
Science. The use of different search engines was to ensure that all publications that fall
under the criteria of our search were captured and the search was truly exhaustive. For
example, Google Scholar is able to capture grey literature, such as governmental reports,
which the other search engines will not capture. Science Direct was used as papers in its
databases, provided by Elsevier, were excluded from results in Google Scholar searches at
the time of the original searches, although this has now changed and may be one reason
why between 2010 and 2011 the numbers of hits from Google Scholar showed an increase.
Web of Science was searched using two techniques, one with speech marks around the
search terms and the other without, as differences were found in the papers retrieved from
the search from using either method. This is shown in figures and in text using: “WOS” or
WOS, for each search technique respectively. The ability of Google Scholar to act as a
scholarly search engine has been called into question since its beta release in 2004 (Jacso,
2005). An understanding of search engine algorithms is important, enabling users to have an
idea of how searches are performed, to assess the reliability of any search for their own
purpose. Google does not disclose what algorithm they use but from several studies it
appears that it uses a combination of ranking factors (Beel & Gipp, 2009a; Beel and Gipp,
2009b), taking different weightings compared to other search engines which allow the user
to select how the papers are ranked; for example Science Direct allows users to select
between relevance and date (Beel & Gipp, 2009a). It is apparent now, 7 years after its
release, that Google Scholar is a contender in the scholarly domain and is challenging the
more conventionally used search engines, Science Direct and Web of Science (Yang &
Meho, 2006).

Search terms were defined and searched in a standardised format across the search
engines with slight modifications made to suit the searching preferences of the particular
engine. The search string was made up of four tiers, which allowed filtering of the papers
through the searches and also allowed us to highlight the difference in area of interest
between crop species (Fig 1). The results from these search engines were uploaded into a
database for systematic review, but in the first instance the number of hits from the search
was recorded. Search terms were defined to capture all literature which would contribute to
covering the assessment of the effects of LUC to bioenergy crops in a UK context. SRF was
initially one of the species terms used in the ETI contract but it was agreed at a later date,
following our consultation with the consortium, that the individual species under SRF would
provide a more effective search term, as these individual species terms captured references
not captured by applying the generic term “SRF”.
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Lana use change

Species Parameter

1. Poplar
2. Willow
3. Miscanthus
4. Wheat
5. “Oilseed rape”
Measure 6. Canola
Land Parameter Parameter | g:fari\:ater 7.  “Sugar beet”
Soiterganic carbon BioToar 8. “Short rotation
Land-management G%eenheuse gas BioeReTgy” forestry”
Life cycle analysis 9. Eucalyptus
Life cycle 10. Alder
11. Ash
12. Birch
13. Sycamore
14. Beech
15. Conifer
Example search string: “Land use change” AND “soil organic carborr~AND—biofuetAND
ng

Figure

consultation with the consortium at month 2 of the project.

This search stage was comprised of 1024 unique searches which resulted in a total of 5786
individual references once duplicates were removed. These papers were firstly ‘raw
processed’ by assignment of the categories ‘useful’ and ‘not useful’ based on a pre-defined
selection criteria as outlined in the ETI contract. The criteria for section were:

- the location (to be UK applicable)

- the species concerned (inclusive of first and second generation bioenergy crops)

- the mention of the metrics which we used in the meta-analysis

After this first round of processing, the papers were more carefully inspected to extract the
data in pre-defined units for the meta-analysis, performing standard unit conversions if
required. The metrics used for the extraction of data covered soil processes, GHG emissions
and LCA are shown in Figure 2.
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Paramter Unit Paramter Unit
Paper ID Yrs after transition Yrs
Author Soil Organic Carbon kg Cha™ yr™
Year Depth for SOC cm
Title Total Soil Carbon Kg C h::l'lyr'1
Transition from: type or nfa Correction for bulk density Y/N
Paper Type Model/field/lab/database g § g. % co,
Measument year [C] E E § N0 KgCO;eqha™yr
Location Latitude 5 .,E, 2= CH,
Longditude “3_ o « Cco,
pH g _§ 9 N;O Kg CO;eq ha'lyr'1
Temp °C O CH,
Precipitation mm yr? Whole LCA for energy (MU M )
Yield tha _1,'r"1 Carbon Isotopic Soil Signature %60
Fertilization kg hat yr” Carbon Sequestration kg Cha™ yr™
- E w Tillage Y/N Dissolved Organic Carbon ug Cg'1 soil
g :ln E Planting Density plants ha™ Below Ground Biomass Kg ha yr'1
E E E Crop Rotation Crop & Length Above Ground Biomass Kg ha* lyf2
E Irrigation Y/N ornfa Litter Dry Matter gyr”
Residue Y/N orn/a Litter Decomp Rate k
o Class Root Decomp Rate k
E E Sand % Fine Root turnover yr'1 or % yr"1
n |E Silt % Conversions Made
Clay % Other Measurements
Bulk Density g cm

Figure 2: Data extraction parameters for meta-analysis including standard units for measurements

The data extraction parameters, as seen in figure 2, were chosen with WP4 in mind as they
will contribute to WP4’s limited simulation input data for running the model. This is important
as it will allow more accurate outputs to be generated for a wider range of bioenergy
scenarios that may have been previously missed by modellers. Preliminary data sets were
sent to Dr Marta Dondini at the University of Aberdeen to ensure all parameters were useful
for model inputs before data extraction commenced. All the data from the papers in this
deliverable will be passed onto Aberdeen to allow them periodically to enhance the model
outputs.

A1.2 - Outline of CMA and FAQs

The statistical package used for deliverable D1.5 was Comprehensive Meta-Analysis (CMA),
revised from the previously selected ‘MIX 2. The choice was made initially to use MIX 2 as it
was relatively cheap and seemed relatively user-friendly. However, Zoe Harris completed an
online meta-analysis course to aid her understanding and this course primarily used CMA for
all its teaching. Due to the familiarity gained with the software on this course and the
subsequent one-to-one support from the program developers it seemed the logical solution
to adopt this software to complete the analysis. Referring back to D1.2 report (Management
& Deliverable Reference: PM08.1.2) in the Appendix A1.2 it can be seen that there was the
choice between CMA and MIX, both being appropriate for this purpose but MIX was chosen
primarily based on price.

CMA is a statistical package which is designed specifically for the completion of meta-
analyses, giving it a significant advantage over other more general statistical packages (such
as SPSS, STATA etc.) which do not have sufficient processing depth and choice of
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processing options specific to meta-analytical techniques. CMA allows you to work with a
spread sheet interface, compute the effect sizes automatically with the click of a button and
produce high quality plots to visualise data. The software is extremely flexible in terms of
data entry format which was extremely important in this case due to the varied formats in
which the data and error terms were presented/acquired.

What is a meta-analysis?

A meta-analysis is a method to quantify the effect of a large set of data from a large set of
studies in a way which can get a better overall picture of the changes occurring. A meta-
analysis takes the data from many studies and presents a mean value and an upper and
lower quartile limit, so the overall effects from these studies can be statically interpreted.

What is an effect size?

An effect size is a single number for each line of inputted data which takes into account the
mean value, the standard deviation and the sample size. When all the effect sizes are
considered together a ‘summary effect size’ is given which summarises all the individual
effect sizes to give a mean effect.

What is Hedges g?

Hedges g is a way of presenting effect sizes, there are several matrixes available but this is
the most commonly used in meta-analyses. It takes into account the before land use change
mean and the after land use change mean (standardised across all samples) and then
computes these against the pooled standard deviation of all the samples. This is done so the
outputted g is corrected for when small sample sizes exist which is very appropriate in this
case.

What is bootstrapping and why was it used?

Bootstrapping is a method of resampling a population to obtain information about that
population, and in this case we are generating the mean, standard error and 95% confidence
limits of the re-sampled population. The population is resampled many thousand times over
to generate these numbers and is performed in the scripting program R. It was used in this
case as there was often data presented in papers which did not have error terms and in
order to allow their inclusion in the analysis bootstrapping was applied.

Page 23 of 26



Appendix lI: References used in Meta-analysis

Ahigren S, Hansson PA, Kimning M, Aronsson P, Lundkvist H (2009) Greenhouse gas
emissions from cultivation of agricultural crops for biofuels and production of biogas from
manure. Swedish University of Agricultural Sciences, Uppsala, Sweden.

Andress D (2002) Soil Carbon Changes for Bioenergy Crops. Report for Argonne National
Laboratory and Office of Biomass Programs, U.S. Department of Energy.

Arevalo C, Bhatti JS, Chang SX, Sidders D (2009) Ecosystem carbon stocks and distribution
under different land-uses in north central Alberta, Canada. Forest Ecology And Management,
257,1776-1785.

Arevalo C, Bhatti JS, Chang SX, Sidders D (2011) Land use change effects on ecosystem
carbon balance: From agricultural to hybrid poplar plantation. Agriculture, Ecosystems &
Environment, 141, 342-349.

Bérjesson P (2009) Good or bad bioethanol from a greenhouse gas perspective-What
determines this? Applied Energy, 86, 589-594.

Bérjesson PL, Tufvesson LM (2011) Agricultural crop-based biofuels - resource efficiency
and environmental performance including direct land use changes. Journal of Cleaner
Production, 19, 108-120.

Callesen |, Carter MS, QOstergard H (2011) Efficient use of reactive nitrogen for cultivation of
bioenergy: less is more. GCB Bioenergy, 3, 171-179.

Cherubini F, Jungmeier G (2010) LCA of a biorefinery concept producing bioethanol,
bioenergy, and chemicals from switchgrass. The International Journal of Life Cycle
Assessment, 15, 53-66.

Clair SS, Hillier J, Smith P (2008) Estimating the pre-harvest greenhouse gas costs of
energy crop production. Biomass and Bioenergy, 32, 442-452.

Coleman MD, Isebrands JG, Tolsted DN, Tolbert VR (2004) Comparing soil carbon of short
rotation poplar plantations with agricultural crops and woodlots in north central United States.
Environmental Management, 33, 299-308.

Davis SC, Parton WJ, Del Grosso SJ, Keough C, Marx E, Adler PR, Delucia EH (2011)
Impact of second-generation biofuel agriculture on greenhouse-gas emissions in the corn-
growing regions of the US. Frontiers in Ecology and the Environment, 10, 69—74.

Deckmyn G, Muys B, Garcia Quijano J, Ceulemans R (2004) Carbon sequestration following
afforestation of agricultural soils: comparing oak/beech forest to short-rotation poplar coppice
combining a process and a carbon accounting model. Global Change Biology, 10, 1482-
1491.

Dendoncker N, Van Wesemael B, Smith P, Lettens S, Roelandt C, Rounsevell M (2008)
Assessing scale effects on modelled soil organic carbon contents as a result of land use
change in Belgium. Soil Use and Management, 24, 8-18.

Page 24 of 26



Dondini M, Hastings A, Saiz G, Jones MB, Smith P (2009) The potential of Miscanthus to
sequester carbon in soils: comparing field measurements in Carlow, Ireland to model
predictions. GCB Bioenergy, 1, 413-425.

Dornburg V, Termeer G, Faaij APC (2005) Economic and greenhouse gas emission analysis
of bioenergy production using multi-product crops—case studies for the Netherlands and
Poland. Biomass and Bioenergy, 28, 454-474.

Fritsche U, K (2010) The “iLUC Factor” as a Means to Hedge Risks of GHG Emissions from
Indirect Land Use Change. Oko—Insititut, Darmstadt, Germany.

Gnansounou E, Dauriat A, Villegas J, Panichelli L (2009) Life cycle assessment of biofuels:
Energy and greenhouse gas balances. Bioresource Technology, 100, 4919-4930.

Grigal DF, Berguson WE (1998) Soil carbon changes associated with short-rotation systems.
Biomass and Bioenergy, 14, 371-377.

Grogan P, Matthews R (2002) A modelling analysis of the potential for soil carbon
sequestration under short rotation coppice willow bioenergy plantations. Soil Use and
Management, 18, 175-183.

Hellebrand HJ, Scholz V, Kern J (2008) Fertiliser induced nitrous oxide emissions during
energy crop cultivation on loamy sand soils. Atmospheric Environment, 42, 8403-8411.

Hellebrand HJ, Scholz V, Kern J (2008) Nitrogen conversion and nitrous oxide hot spots in
energy crop cultivation. Research in Agricultural Engineering-UZPI, 54, 58-67.

Hernandez-Ramireza G (2010) Carbon Sources and Dynamics in Afforested and Cultivated
US Corn Belt Soils. Soil Science Society of America Journal, 75, 216-225

Khanna M, Onal H, Dhungana B, Wander M (2010) Economics of herbaceous bioenergy
crops for electricity generation: Implications for greenhouse gas mitigation. Biomass and
Bioenergy, 35, 1474-1484.

Kindred D, Berry P, Burch O, Sylvester-Bradley R (2008) Effects of nitrogen fertiliser use on
greenhouse gas emissions and land use change. Aspects of Applied Biology, 88, 1-4.

Liberloo M, Luyssaert S, Bellassen V et al. (2010) Bio-Energy Retains Its Mitigation Potential
Under Elevated CO2. PLoS One, 5, e11648-e11648.

Lockwell J (2011) Evaluation du potentiel de séquestration de carbone dans le sol de
cultures intensives sur courtes rotations de saules dans le sud du Québec. MSc thesis,
University of Montréal.

Malca J, Freire F (2001) Capturing uncertainty in GHG savings and carbon payback time of
rapeseed oil displacing fossil diesel in Europe. Sustainable Systems and Technology
(ISSST), 2011 IEEE International Symposium on 16-18 May 2011, pp 1-6.

Muys B, Deckmyn G, Moons E, Quijano JG, Proost S, Ceulemans R (2003) An integrated
decision support tool for the prediction and evaluation of efficiency, environmental impact

Page 25 of 26



and total social cost of forestry projects in the framework of the Kyoto Protocol. Energy,
Transport and Environment Working Papers Series.

Robertson GP, Hamilton SK, Del Grosso SJ, Parton WJ (2011) The biogeochemistry of
bioenergy landscapes: carbon, nitrogen, and water considerations. Ecological Applications,
21, 1055-1067.

Styles D, Jones MB (2007) Energy crops in Ireland: quantifying the potential life-cycle
greenhouse gas reductions of energy-crop electricity. Biomass and Bioenergy, 31, 759-772.

Styles D, Jones MB (2008) Miscanthus and willow heat production--An effective land-use
strategy for greenhouse gas emission avoidance in Ireland? Energy Policy, 36, 97-107.

Wile A (2010) Effect of nitrogen fertilizer on nitrous oxide emissions from the soil of two
potential energy crops and their relative greenhouse gas emissions. MSc thesis, Dalhousie
University & Nova Scotia Agricultural College.

Page 26 of 26



