
Comments on seasonality in the fine fuel accumulation model

This response focuses on the CSIRO paper “Seasonal variation in fine fuel accumulation in 
savannas: Analysis and recommendations to support two draft Emissions reduction Fund 
methodologies”1.

The fine fuel model presented here spins off from a generalised production model (Cook et al. 
20162) that predicts live wood production from rainfall and - given various additional assumptions 
about tree mortality and fuel generation, decay and combustion – some aspects of the dynamics of 
dead biomass (fuel). In the fine fuel component of the general model, fine fuel from trees is 
estimated from allometric relationships and assumptions that leaves and twigs are turned over 
annually in combustible debris as a constant proportion of tree biomass. Grassy fuels are added 
separately, drawing on other observations (rather than a conceptually equivalent production model) 
and assumed to decay at the same intrinsic rate as leaves and twigs. Decay is modelled using Olson 
curves (simple exponential decay). In early versions of the fine fuel models it was assumed that all 
fine fuel was consumed after any fire, so related accumulation curves were modelled with a zero y-
intercept.

The method chosen to incorporate non-zero starting fine fuel load involved “normalising” litterfall 
rates and solving the relevant Olson equation “to produce a general curve dependent on the fire 
regime” (page 18). Initial model specifications included a non-zero y-intercept based on savanna-
wide estimates, fixed underlying decay rate k (0.8), fixed ratio of tree to grass litter, but litterfall 
rates variable in a sigmoidal pattern, with rates notionally higher in the late. Assessment of fit to the 
modified Olson curve was based on minimising RMSE while iteratively varying the mean estimated
fuel load. Further adjustments were then made by relaxing the assumption of the same fixed k for 
both grass and tree litter and constancy across all vegetation types. 

A fundamental assumption of the core model is the absence of feed-backs between fire and living 
biomass and hence the dynamics of production, which are modelled as fixed by climates and soils 
(“… overall stand structure remains constant at large spatial scales”). In striking contrast, this 
“complement” to the basic model builds (within-year) seasonality into fine fuel production within a 
framework that weights outputs to reflect long term fire histories. The goal is said to be “  .. to 
estimate seasonal average fine fuel loads”, effectively at savanna-wide scales. Although the utility 
of such estimates for the NIR is obvious, it is never explained how such averages are relevant to 
individual (site level) emissions. And, in particular, to measurements of the effectiveness of 
management intervention on anthropogenic emissions, the sine qua non of relevant methods. This 
approach instead appears to based on the assumption that these historic patterns are immutable.

This convoluted and hard to follow process resulted in recommendations (Tables 10 and 11) based 
on 20-fold variation in the proposed k for grasses across vegetation types in the high rainfall zone, 
while retaining a fixed k for all tree litter (table 7) in this zone. In the lower rainfall zone, k values 
for tree and grass litter were in contrast allowed to vary more idiosyncratically: to fall much lower 
than 0.8 for tree litter, but nowhere near as low for grass in lSSH (0.29) as in hSSH (0.04), despite 
spinifex appearing as an important component of these vegetation types in both high and low 
rainfall zones. No explanation of these particularly contrasting parameters is offered, aside from 
crude measures of fit to models selected in apparently ad hoc ways.

1 Cook, G. D. & Meyer, C. M. 2017 Seasonal variation in fine fuel accumulation in savannas. 
Analysis and recommendations to support two draft Emissions. Reduction Fund 
methodologies. 5 October 2017. CSIRO, Darwin. 65 pp

2 Cook, G. D., C. P. (Mick) Meyer, D, Muepu, M. & Liedloff, A. C. 2016 Dead organic matter and 
the dynamics of carbon and greenhouse gas emissions in frequently burnt savannas. 
International Journal of Wildland Fire 25, 1252-1263.
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Ad hocery is arguably the most striking feature of the two determinations considered together. The 
difference in conceptual and practical treatment of fine and coarse fuels goes beyond the 
pragmatism inherent in any effort to mimic the key features of any complex system in tractable 
models. Whilst the core model posits no fire effect on inputs, the fine fuel model requires the 
opposite: fine fuel input is tightly constrained by specified fire histories. In addition to the 
intellectual flexibility needed to accept such contradictory fundamentals and internally incompatible
parameter values that make no apparent ecological sense, the model requires operator acceptance of
estimates that bear little relationship to observed litter dynamics. I understand that Cameron Yates 
will provide details of some of these anomalies.

Things the new model does

• Adds some aspects of seasonality in modelling intra-annual variation in litter rates in 
monthly timesteps. 

• Concedes and incorporates markedly divergent decay rates and hence divergent 
accumulation patterns in spinifex in particular.

• Allows some flexibility in k for tree litter in lower rainfall vegetation types based on model 
fits but does not do the same in high rainfall zones.

Things the new model doesn’t do

• Incorporate seasonal variation in decay rates: for example, the probability that standing dry 
grasses during periods of little and often no rainfall decay at different (lower) rates than 
lodged grasses in contact with wet soils later in the year.

• Explicitly deal with variation in tree litter decay rates despite coming up with markedly 
lower intrinsic rates in some lower rainfall vegetation types.

Things the paper doesn’t do or does badly

• Explain anything clearly. For those not deeply embedded in the process, too much work is 
required to decipher the approach and/or intent and at the end of reasonably diligent efforts, 
uncertainty remains.

• Offer explanations for why spinifex in lower rainfall zones should decay more rapidly than 
in high rainfall zones.

• Discuss directly, despite fitting different k values that grass species aside from spinifex are 
also likely to vary substantially in decay rates under given conditions, as will leaves and 
twigs from different species (e.g. with varying lignin content).

• Provide clear and consistent rationales for the (apparently ad hoc) decision-making about 
what to change to make the model match the data and the other theoretical or practical 
considerations required to justify change.

• Explain why the Olson curve is preferred, despite the obvious poor fits and recognition of its
failure to adequately model litter dynamics in many situations3.

• Explain why clearly inadequate model fits (systematic biases and hence frequent substantial 
inaccuracies) are acceptable, except perhaps the implicit expectation that the substantial 
errors at individual sites will prove to be conservative in aggregate.

3 Cornwell, W. K. & Weedon, J. T. 2014 Decomposition trajectories of diverse litter types: a 
model selection analysis. Methods in Ecology and Evolution 5, 173-182
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• Explain how the empirically-based fine fuel (litter) observations (albeit massaged into a 
questionable decay model) are reconciled with the fixed input rates specified in Cook et al. 
2016. And if this ad hoc supplement is acceptable despite its departures from the central 
model, why are other more accurate, empirically-based approaches not acceptable?

Failure to explain why the application of weighted estimates of fine fuel loads in Tables 10 and 11 
to project level assessments is valid or desirable is particularly troubling. This treatment of the data 
treats project areas as though they remain subject to the historical system-wide fire regime, when 
the reason for using a table or formula of some sort is to measure the effect of moving away from 
“averages” that reflect the distant past. It makes a farce of both the calculation of a project area 
baseline and subsequent emissions because estimates are biased by events occurring elsewhere and 
elsewhen. The table is said to be necessary to take account of the fuel that is likely to burn, when it 
in fact does the opposite at the project level by distorting calculations to reflect a situation that 
doesn’t apply there (or anywhere for that matter). The rationale for these sorts of averages for whole
of system estimates for the NIR is perhaps understandable, but to apply them to suppress proper 
measurement of change under project conditions is most puzzling.

Summary

This work presents some progress in bridging gaps between fuel model assumptions and predictions
and empirical observations. However, it is clearly incomplete and appears to adopt different 
standards about requirements for supporting evidence or consistency with theory in different parts 
of the model and to introduce new biases and ambiguities.

The responses to points made by other ecologists and practitioners do not enhance robustness, but 
apparently ad hoc or weakly justified choices add to apparent fragility and consequent uncertainty. 

The desirability of seamless integration of project-level assessments and the national inventory is 
understood, but allowing that goal to drive inaccurate and potentially destructive outcomes at the 
project level is not. The arguments around the need for tight compatibility of inventory and project-
level methods appears to be contradicted by the departures of the proposed method from the central 
model. In particular, the some effort needs to be made to make sense of the application of whole of 
system weighted averages which assume no change in fire regime to produce estimates artificially 
biased downwards, which undo the effort to include seasonality of litterfall.

Unwillingness to subject the various assumptions and decisions about parameters and treatment of 
them to comprehensive sensitivity analysis – exploring the implications of the various adjustments 
made and, just as importantly, not made  – is perhaps understandable because it will be a substantial
undertaking. But given the growing complexity of the model(s) and the many questionable 
assumptions and biases, it is arguably the only approach that will adequately inform and resolve 
doubts for ERAC and users about the real effects of the proposed changes. The problem is not one 
of added complexity per se, but rather that the need for embellishments appears to be determined in 
such an ad hoc way, with justifications obscure or absent.

Further work is clearly required and must be informed by: (1) a willingness to justify presently 
incomprehensible decisions by better argument that desire for consistency that has been abandoned 
anyway; (2) greater attention to validation of final products (tables 10 and 11) against field 
observations; and (3) comprehensive sensitivity analysis of effects of parameter values and 
approaches to their incorporation in the model(s), exploring their implications for both the inventory
and individual projects.

To adopt this model when efforts are being made to extend these methods internationally puts 
Australia’s reputation at risk. Whilst some of the most questionable approaches to estimates may be 
superficially attractive because they can be presented as conservative, intense scrutiny will come 
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from other directions, including industry and offset providers. And the proposed methods and their 
underpinning analysis appear to me unlikely to sustain serious scrutiny. Surely it is better to fix 
problems now by opening them to wider evaluation rather than risk promulgating a flawed method 
as temporary fix.

Peter Whitehead

27 November 2017
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