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1. Purpose of guidelines

The purpose of these guidelines is to assist researchers wishing to conduct statistical analysis of the
Dataman databases. There are three databases, each relating to a different stage of the manure
management system: animal housing, manure storage and field-based emissions. These databases
will expand over time, with data currently being collated and included as part of the DataMan
project (https://dataman.azurewebsites.net/) and the Mitigating Emissions from Agricultural
Systems (MELS) project (https://www.mels-project.eu/). The DataMan project was created to build
a publicly-free global database of methane (CHa), nitrous oxide (N2O) and ammonia (NHs) emissions
(plus relevant activity and ancillary data) relating to livestock housing, storage and manure
application to land, including excreta deposited during grazing. These databases, representing
housing, storage and field emissions, provide an opportunity to identify possible variables
influencing gas emissions from the manure management system. The aims of the DataMan and
MELS projects are to provide researchers and policy makers alike with the most up-to-date
knowledge on methods for managing GHG and NH3; emissions from manure. We will refer to the
databases as the DataMan databases, given these were initiated within the DataMan project.

Please note that these are only guidelines and help to highlight some of the issues with the Dataman
databases. All the analyses are carried out on subsets of the databases and any subset may have
different challenges. Individual researchers may have alternative approaches that they can defend.

These guidelines may also be applied to other datasets and databases. But please note that your
dataset structure, content and the purpose of the analysis may differ from that of the Dataman
project.

2. Dataman database structure

Relevant information (emission factors, and biotic and abiotic factors) was collated from published
peer-reviewed research, theses, conference papers and existing databases. Additional data will be
entered during the MELS project. As noted above, there are three databases, each relating to a
different stage of the manure management system: animal housing, manure storage and field-based
emissions. The latter includes both manure applied to land and dung and urine deposited during
livestock grazing. Please consult the Ramiran Glossary of terms on livestock and manure
management (Pain and Menzi, 2011) for definitions relating to manures.

The housing database includes more than 150 variables which were grouped into six categories:
“General”, “Gas measurement”, “Animal”, “Housing”, “Manure” and “Climate”. Data exists for CH,,
N,O, NHs, CO,, H,S, VOC, NOy, odour and other gaseous emissions.

A wide range of units are used in the Housing database — when first released there were more than
140 different gas emission units. A small number of data have included emission factors for N,O and
NHs (kg N emitted/ kg N excreted or stored); these have been either supplied directly within
publications or calculated using auxiliary data from publications. In the case of CH4, emission factors
(kg CH4/kg volatile solids, as per the emission factor unit of the Intergovernmental Panel on Climate
Change (IPCC)) could often not be calculated due to insufficient information on volatile solids (VS).

The storage database includes 140 variables which were grouped into six categories: “General”, “Gas
measurement”, “Animal”, “Manure” and “Climate”. Data exists for CHs, N,O, NH3, CO>, H>S, and
other gaseous emissions.


https://dataman.azurewebsites.net/
https://www.mels-project.eu/

As for Housing, a wide range of units is used in the Storage database: more than 110 different gas
emission units are included. The number of data that include emission factors for N;O and NH; (kg N
emitted/kg N excreted) and CH4 (kg CH4/kg VS excreted) is limited.

The field database includes 94 variables which were grouped into six categories: “General”, “Gas
measurement”, “Animal”, “Manure”, “Land” and “Climate”. This database is dominated by N,O and
NH;s studies, although there are several CH, studies included. For the purposes of the Dataman and
MELS projects, we are limiting our analysis to N,O and NH; emissions, where the IPCC and UNECE
(United Nations Economic Commission for Europe) emission factor units are adopted (kg N
emitted/kg N excreted).

The animal housing and manure storage database contain primarily treatment-level data (i.e. mean
values from multiple replicates of the same treatment), as the majority of data was derived from
published research. In contrast, the majority of data (ca 75%) contained in the field section was
sourced as replicate-level data.

3. Types of questions being asked of the DataMan databases

Below is a list of the type of questions being addressed in our analysis.

For each gas/source combination we can investigate:

1. What animal and manure types can we and/or should we group?
How do we calculate revised emission factors for a given group?
What are the significant variables influencing these emission factors?
How do emission factors and significant variables differ by region or country?
Can we develop a predictive model for these emission factors, and how robust is this model?
Can we quantify the effectiveness of different mitigation strategies aiming at reducing
emission factors (e.g. storage practices, manure treatment, method of land application, use
of inhibitors).

ounkwnN

4. Limitations of the Databases

There are several key limitations associated with the Dataman databases. The two most important
relate to an imbalanced dataset and the influence of institution on the predictive models.

As the dataset is a collection of experiments, each with their own objectives, there is no overarching
design so it is highly imbalanced. For example, the Field database is highly imbalanced with respect
to Climate Zones, with more than 90% of the observations obtained from studies conducted in
temperate wet climates. Therefore, care is required when making conclusions from the data
analysis. In addition, the dataset has been collated from individual studies where variables that may
be of interest for an analysis have not necessarily been measured. The small numbers of
observations resulting from some analyses may mean that statistical significance cannot be achieved
for variables that are very likely to be important based on theoretical or biological principles.

A second limitation is the influence of institute or experiment on the variance in emission factors.
This was noted by Hafner et al (2018) when analysing a large NHs emission dataset for pig and cattle
slurry applied to land, where it was noticed that the variable ‘institute’ (i.e. the research institute
that conducted the measurements) had a large influence on the modelled emission factors. This was



thought to be due to experimental methodologies potentially being unique to individual institutes
but also can be due to site variables such as soil and climatic parameters that have not been
included in the databases. Some countries or regions may only be represented in the databases by a
single institute and in those cases the ‘institute’ and any other effects may be confounded.

5. Approach to data analysis

Guidelines on statistical analysis of the data is divided into (1) Field and (2) Housing and Storage.
Housing and Storage are grouped together because the characteristics of these two databases are
similar (mainly treatment-level data, limited number of emission factors available). Field data is
treated separately due to the dominance of replicate-level data, and the high proportion of emission
factor data within the database.

Many statistical modelling approaches could be used for data from the database. These include, but
are not limited to, simple linear models, generalised linear models, linear models with random
effects, machine learning techniques such as random forests and generalised additive models. These
could all be applied in a frequentist or Bayesian paradigm and weights could be applied to account
for different numbers of replicates.

As a general approach, where there is doubt as to the best analysis to perform, all analysis options
should be considered and the conclusions to be drawn from each analysis should be assessed. If
these are consistent with each other, then there is no problem and the results of the most favoured
analysis can be reported, but a sentence should be included detailing the alternatives and that they
all gave similar results. If there are inconsistencies, then further work will be needed to understand
why and to choose the better approach.

Two areas of caution are noted with respect to approaches to data analysis:

1) The Dataman databases contain a large amount of data, with many variables that can be
investigated. This has the potential to become an exercise in looking for “significant
variables” and with the number of variables available some will almost certainly be found. In
statistical circles this is termed ‘p-hacking’ or ‘fishing’ and users of the databases should be
wary of this possibility. Any significant variables should not be accepted at face value but
should be considered in the context of where the data come from and any theoretical or
biological basis for relationships found.

2) If the intention is to use the databases to confirm or extend previously published results
there is a risk that the data from the original study is included in the data base and it is
possible that, in working with a subset of the data, the only remaining observations are
those from that study or they dominate the remaining data. This then simply confirms the
original publication without strengthening it in any way.

6. Zero, negative and missing observations

Negative emission factors and cumulative emissions exist in the field database but are rare in the
housing and storage databases. Negative EFs and cumulative emissions from soils can be real and
therefore some adjustment of the data is often necessary before a log transformation can be

performed. However, setting negative values to zero is not recommended, even if they are within



the minimum detection limit of the method of measurement, as this introduces a bias into any
analysis carried out.

If they exist in the housing and storage databases, they may be a measurement artefact due to
upwind gas concentrations being greater than those from the manure storage or housing facility
being sampled. Normally, if such a situation occurs during measurements, the data should have
been excluded from further analysis: this is an important step for emission measurements with
natural ventilation.

If genuine negative emission factors do exist (i.e. not a result of a measurement artefact), some
adjustment of the data is often necessary before a log transformation can be performed. However, it
is not recommended to set negative values to zero, or to delete those observations, even if they are
within the minimum detection limit of the method of measurement. The reason for not setting these
values to zero is that this introduces a bias into the dataset.

Another consideration in relation to detection limits is how data may be been entered into the
database. Where data was below the detection limit (either positive or negative), it is possible that
values were entered as ‘< detection limit’. In this case, these entries can be replaced by a value that
is midpoint between the detection limit (or the lowest positive value) and zero to ensure the results
are included in the analysis.

Zeros are rare as they require zero cumulative emissions or exactly the same control and treatment
emissions which is unlikely. It is assumed the data has been collated correctly, but if you are
suspicious of any ‘zero’ results, check the original source of the data e.g. published article.

If the frequency of zeros or negative values is low, it is unlikely to impact on the overall result. This
can be tested by including and excluding zeros and/or negatives in your analysis to determine their
importance.

Missing values may occur in both explanatory variables and the emission of interest. It may be
worthwhile to impute values if there are only a few. Various techniques can be used but they all
include strong assumptions and should be used with caution and after consulting statisticians.

7. Means vs replicate data

The majority of data (ca 75%) contained in the Dataman field database are individual replicate-level
data, with the remaining 25% of the database containing treatment means from different studies.
For treatment mean data, the majority of field NHs data is likely to be reported as arithmetic means
rather than back transformed means. Most of the field N,O data is likely to be reported as geometric
(or back-transformed) means. Where log transformations are performed, the back transformed
means are often not clearly reported in terms of whether a bias correction was made. Bias
corrections are necessary to ensure the back transformed means reasonably reflect the true mean of
the data on the original scale.

How do we combine replicate data with mean data? Do we pretend means are single replicate
experiments and ignore the problem?
> For NHs data, we can convert replicate level data to arithmetic means by assuming the
majority of mean data has been calculated by arithmetic means. Mean data should then be



weighted according to the number of replicates if the number of replicates vary over a wide
range (e.g. 3to 12).

» For N>O data, this is a little more difficult, as most studies will have reported a back-
transformed mean (with or without a bias correction). Here, we suggest carrying out
alternative analyses and assessing the conclusions.

The method of data analysis is also strongly influenced by the objective of the analysis. If the aim is
to compare one dataset with other, the best statistical practice (residual analysis and
transformations/distribution/heteroscedasticity used appropriately) should be applied to each data
set. However, for estimating emission factors for a given source of GHG e.g. all sheep urine
deposited onto New Zealand pastures, arithmetic means are most likely best. Either way, the
variance of a mean emission factor should be reported as confidence intervals and not standard
errors: this also aligns with the IPCC default emission factors.

If a transformation is applied to correct for skewness in the data then the back transformed
predictions will be biased. The amount of bias can be assessed by comparing the back transformed
mean with the simple mean of the data. Where the differences are large we suggest discussions with
a statistician.

The housing and storage databases contain primarily treatment means, especially as many housing
studies are conducted on a single house i.e. number of replicates = 1. Where a study includes more
than one replicate for a treatment, the means are most common presented as arithmetic means.
Only a small number of studies have individual replicate-level values entered in the databases.

If you are working with a subset of the housing and storage databases and there are only a small

number of studies with replicate data it is probably best to calculate means for the few studies with
replicates and weight by the number of replicates if known.

8. Field database

Calculation of emission factors

Field-based N,O emission factors are calculated using the following equation (de Klein et al. 2020):

Manure N,O0—Control N,O
2 2= x 100% (2)
N load

EF; =
Where, EF; is the emission factor of a manure N source (manure, dung or urine) (N,O-N lost as % of
N source applied); Manure NO is the cumulative N»O loss (kg N2O-N/ha) from the N source (manure,
dung or urine); Control N,O is the cumulative N,O loss from the control treatment (kg N2O-N/ha) and
N load is the amount of N applied with the N source (manure, dung or urine in kg N/ha). Recent
guidance on statistical considerations relating to N.O emission factors for chamber-based
measurements were published by the GRA (de Klein et al. 2020): these should be read together with
this report for N,O data analysis.

In contrast with N,O emissions measures in closed chambers, NHjs is typically measured using
dynamic chambers, wind tunnels or micrometeorological methods. This means that the cumulative
emission is not measured as such but estimated through integration of several measurement
readings over time. These measurements, corrected for background NH; concentrations, are
typically integrated over time to derive net cumulative emissions.



Variables

The Dataman database contains many explanatory variables. Some may be structural (e.g. animal
category, manure type) while others may be explanatory (e.g. seasons, slope). The latter are often
continuous variables that have been collapsed into categories.

The fewer categories in explanatory variables, the better, because if interactions are included, a high
number of parameters are generated. Therefore, aim to combine similar categories where possible.
A useful rule of thumb is to have at least of ten observations per variable (or parameter in the
model).

For analyses that are aimed at improving inventories, it is important to choose driving variables that
can be obtained at the national scale. This may mean categorical variables (e.g. slurry tank or slurry
lagoon) rather than continuous variables (e.g. surface area of storage) might be better, even if the
latter would be more closely aligned with the processes driving emissions.

Transformations, distributions and heteroscedasticity

These terms are all closely related. Groups of data with unequal variance and strong skew are
important issues that need to be resolved for statistical inference. Transformation of data to an
approximately normal distribution may be a solution. Transformation options include log, square
root, cube root and Box Cox. Another option is to adopt alternative distributions such as Poisson or
negative binomial. In a Poisson distribution, only one value is reported that described both the mean
and the shape of the distribution. Negative binomials are more flexible, because the Poisson
distribution is constrained so the mean and standard deviation are equal but the negative binomial
distribution relaxes this constraint.

If the residuals are consistent with the assumptions then there is no need to be overly concerned
about the distribution of the data. This can be checked in collaboration with a person who has
extensive experience in statistical data analysis. Below are some example plots with comments. If
you are unsure, always seek statistical advice.

Residual Plot Comment
e Residuals vs Fitted shows possible
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If the confidence intervals give non-sensible answers e.g. negative values, or values very close to
zero, then the analysis needs to be reviewed.

The recommended procedure is as follows:-

Graph the data

Fit a model

Look at the residuals

Assess the model fit — how good is the prediction?
Consider modelling subsets separately.

YV VVYVYVY

Heteroscedasticity refers to unequal variability in the data mostly due to different variability in
different groups, for example “animal or manure types”. To properly assess the problem the model
should be fitted and the residuals inspected. The solution may be modelling groups separately or
applying a heteroscedastic model. It is probably safest to assume heteroscedasticity until you have
shown otherwise.

Where possible, transformations should be considered as part of the scientific process and thus have
some basis in the data collection process. A log transform can be considered to relate to percentage
changes and other transformations may be justified in other ways.



9. Storage and Housing databases

Calculation of emission rates and emission factors

Most storage GHG and NHs; experiments involve the use of laboratory- (< 500 L volume) and pilot-
scale (> 500 L volume). Pilot-scale experiments would typically use experimental vessels located
outdoors, with or without a shelter and submitted to ambient climatic conditions. Some
experimenters take advantage of the presence of forced ventilation systems, and measure gas
concentrations in the outlet stream of animal houses. Background gas concentrations sampled
upstream are often included in measurement methods such as micrometeorological, wind tunnel or
dynamic enclosure methods. The data are used to calculate emission factors for manure storage
(N20 and NHs: kg N emitted/kg N excreted; CHa4: kg CHa/kg VS excreted).

Housing experiments often include sampling of ambient gas concentrations outside and upwind of
buildings. Data are often used to calculate emission rates rather than a cumulative emission, and
rarely include emission factors (N,O and NHs: kg N emitted/kg N excreted; CH4: kg CHa/kg VS
excreted).

Standardised unit for emission rates

As noted earlier, the housing and storage databases include a wide range of emission units. A
statistical analysis of key drivers of emissions first requires the need to select a standard emission
unit. Is there a “best” standard unit for emissions to analyse potential drivers?

It has been proposed that the suitable standard unit is:
Mass of gas / animal /time
For example, mg NH3-N/cow/day

This unit also aligns with the IPCC methodology guidelines.

An alternative to ‘per animal’ is ‘per 500kg livestock unit (LU)’. The databases contain some emission
data using this unit. Where available, data on animal age and/or weight can help with interpreting
emissions associated with ‘per animal’ units, and conversion between ‘per animal’ and ‘per 500 kg
LU,

Derivation of emission factors

One of the key objectives of the Dataman project was to derive revised EF values for countries
aiming to adopt alternative values to the IPCC default emission factors. One of the final activities of
the Dataman project will be to submit revised EF values to the UNFCCC emission factor database.
Associated with this is the need to understand the key drivers influencing the emission factors.

As such, it is necessary to convert as much of the housing and storage emission data to emission
factors. A proportion of studies included in the database contain sufficient information to convert
emission rates or cumulative emissions to emission factors, and thus this has been done where
possible.



However, in many instances, there is insufficient information supplied for converting units to
emission factors, resulting in the need to use alternative sources of additional data for this
conversion. If using alternative data sources, there may be higher uncertainty in the resulting EF.
Thus, it may be necessary to weight the data to account for potentially lower certainty, as performed
with the analysis of survey data. If you are unsure how to weight the data, consult a statistician.

The alternative sources of data for deriving EF values will depend on the type of data required, but
may include the following:
e Amount of excreta/animal/day

e N content of excreta/animal
e VS content of excreta/animal

Sources of data include scientific review articles (e.g. Hou et al. 2016), national GHG inventories,
IPCC methodology guidelines and direct contact with animal nutrition scientists.

Since most of the emissions we consider here would be expected to vary throughout the year,
according to temperature (and sometimes other variables), then this needs to be considered. For
housing and storage, one option is to make measurements at periods throughout the year. Another
is to relate the emissions to the climate variables and then use the latter to estimate the annual
emissions.

Variables

See section 7 (Field data)

Transformations, distributions and heteroscedasticity

See section 7 (Field data)

10. Reporting Field, Housing and Storage data analysis

When reporting your results, include a description of any simple linear model used, either an ANOVA
or regression model, with the response and explanatory variables detailed.

However, if a more complex analysis is carried out the following should be included where
appropriate:

e What type of transformation was used?

e What did the distributions look like?

e What type of modelling was performed? E.g. linear model, fixed effect model, etc.
e Were subsets of the data used for the analysis?

e What software package was used? Provide a reference.
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