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Summary

Personal anecdotes are used to highlight some important considerations for yield regulation and to introduce some pertinent literature. A checklist of key issues and research needs is offered. Perhaps the most important consideration is to maintain a holistic systems view, and to involve clients and to ensure their needs are met.

Introduction

When I first joined the Queensland Department of Forestry in the mid-1970s, I, like many other foresters before me, was assigned to an inventory team to undertake strip assessment in a remote area of the state. It was good experience for me, but an inefficient way for the organization to gather resource information. This intensive systematic sampling was based on the premise that there was no prior information, and that stand-level inventory data were the weakest component in the yield estimation system. This is a common enough assumption: many inventory and yield regulation systems assume a “virgin” resource without prior information that should be converted to a “normal” forest. However, this is rarely the case: prior knowledge usually exists as local experience and satellite remote sensing data, and changing expectations (e.g. losses to other land uses and new conservation obligations) may have subverted the felling series away from that elusive normal forest. It certainly wasn’t the case in Queensland at that time (Vanclay 1996b). A few years later, I took charge of resource assessment procedures, and had the opportunity to make some changes. Here I’d like to share some of the insights we gained in reviewing the inventory and yield regulation system in Queensland (Vanclay et al. 1987). Despite the passage of a decade, this review remains relevant, and still reflects current procedures in Queensland today.

Reconciling information needs with data gathering

I got a surprise when I returned to the Queensland Forest Service in 1984 to lead their native forest resource assessment programme. I was stunned to see row upon row of grey steel cabinets full of computer cards, partly because they contained the only copy of much irreplaceable data, but especially because card-readers had become scarce museum pieces. My first action was to find the last card-reader remaining in Queensland, and to arrange for several tons of cards to be read onto a couple of magnetic tapes. We didn’t have time to decide if it was all worth keeping, we just needed to make sure that we kept all options open. As it happened, some of the cards were redundant computer programs that were eventually discarded, but most of the data was salvaged and eventually used again. Some data were lost, perhaps in the chaos of conversion or possibly earlier, but we managed to retrieve those data from field records. Since then, changing technology has precipitated another transfer, from tape to disc drive, and it is now probably time for yet another transfer from disc to CD-ROM.

Lesson 1: Computer technology changes fast, so make sure that your storage media remain up-to-date and accessible, keep more than one copy, and keep the original field records.

We saved all that old data (and we did use most of it later), but I was sure that it wasn’t all necessary, and I didn’t intend to continue routinely collecting data in that way. Firstly, the relative costs of manpower and computers was changing steadily, so it made sense to make better use of existing data, and to become more efficient and selective in collecting new data. Secondly, Colyear Dawkins had reinforced my conviction that there were more efficient sampling procedures for situations where prior data existed (see Vanclay 1994a p.227), notably stratified sampling. And thirdly, I was sure that existing procedures didn’t really satisfy the needs of our clients, and that it would be useful to get our clients more actively involved in the collection of data and interpretation of results. The notion of clients was pretty novel; I’m not sure if anyone had looked at inventory in that way in Queensland before! So I set off to meet the clients (District Foresters, Harvesting and Marketing staff, etc), to see how they used the existing outputs and to discover what information they really needed. That was instructive…

Most potential clients didn’t get any information, didn’t use it, or didn’t trust it. They had never previously been consulted about what information they needed or in what format they might like it. They generally regarded Resources Branch as a “black hole” (data went in, but nothing ever came out), and felt no obligation to provide reliable data. This legacy made it hard to gain their trust and commitment, and made it hard to assess what information they might find useful. Most potential users couldn’t imagine what was possible, so we built several mock-ups to illustrate what we had in mind and to precipitate discussion. These discussions formed the basis of a good relationship and allowed a gradual transfer of responsibility for much inventory work. Together we created a system that could support operational planning as well as regional and state wide resource estimates. Once local staff were committed to the new system, we encouraged them to do the field inventory themselves, greatly reducing the travel costs involved. Since they were using the system to support their own work, we achieved consistent estimates at all scales, and could be sure that the data were up-to-date and accurate, a win-win situation all round.

Lesson 2: Identify your clients, get them involved in the design and implementation of the system, and foster their involvement through the use of mock-ups and prototypes.

Implementing a systems approach

Dissatisfaction with previous forecasts made us committed to providing a system that would allow efficient comparisons between our predictions and harvest outturn; thus we needed to provide spatially explicit predictions. Our first step was to set up a framework for an information system by tessellating forest land into what we called management units (MUs), so that every scrap of forest land existed in one and only one MU, each clearly marked on a map and labelled with a unique identifier. This was easy to do, as our MUs were generally based on existing administrative boundaries, and were often delineated by roads, rivers and ridges. The unique identifier provided the key to our Area Information System, a simple dBase III database detailing for each MU information relevant to resource calculations, to Head Office and to field staff (Vanclay 1990). The maps were initially maintained on paper, but have since been converted to GIS, a process greatly facilitated by our previous work.

MUs were defined for administrative and management convenience, and this meant that many were too heterogeneous for efficient inventory. Thus we encouraged field staff to further stratify MUs into two or three subunits (SUs) as necessary to improve the homogeneity within SUs, conditional that they could nominate some plots to represent each SU. Because of the emphasis on field inventory in the past, plots already existed within many SUs, but where SUs had not previously been sampled, we “borrowed” plots from other SUs considered similar. This was just to get the system operational – these “borrowed” plots would be replaced with new inventory as opportunities arose. Our intention was to obtain two or three plots to represent each SU, an efficient sampling scheme (Schumacher and Chapman 1954) that allowed us to calculate the overall sampling error attributable to field inventory. Because forest inventory data are durable (in the absence of catastrophes, natural forests grow rather slowly and predictably) we were happy to use old data, provided that MUs had not been logged or otherwise damaged (e.g. cyclones, etc). However, we encouraged local field staff to be critical of our estimates, and urged them to replace existing data with new inventory for any MUs challenged, something that they could easily do in the course of their work routine. They were specifically encouraged to replace obsolete data and supplement other contested data with new inventory, but were forbidden to introduce bias by discarding “unrepresentative” current inventory or by locating plots subjectively. When first put in place, this system was rather contrived with a misleading amount of plot “borrowing”, but with time and use, it has evolved into a reliable and versatile system.

Lesson 3: Think big, but start small: Devise a way for a simple beginning to evolve efficiently into the grand plan.

A resource forecast combines five components:

1. Area actually available to be logged within each SU. Note that inaccessible areas may comprise areas that can be mapped (roads, buffers, steep slopes) as well as small fragments not able to be mapped but which nonetheless may constitute a significant reduction, especially in steep terrain (Vanclay 1994b)

2. Inventory data characterizing the forest stand within each SU. If sampling errors are desired, at least two plots are necessary for each SU. 

3. Growth models to predict increment, mortality and recruitment (Vanclay 1994a).

4. Harvesting models to simulate removals and damage to the residual stand.

5. Volume equations, including adjustments for any defect.

It is unrealistic to expect good agreement between the prediction and outturn for any given MU, since there will always be natural variation and other errors. However, the running average over several consecutive MUs should be comparable. Any discrepancy can be traced to one or more of these five basic components. Some components are easily eliminated; e.g. if inventory data are recent, little or no growth forecasting will have been required so any discrepancies cannot be attributed to the growth model. Similarly, if the reported logging outturn includes tree or log diameters, it may be possible to eliminate volume equations from the list of suspects. It is common for foresters to become preoccupied with amassing inventory data and in honing diameter increment functions, but empirical and simulation studies (Vanclay 1988) show that faulty area estimates are a more common source of discrepancies.

Lesson 4: Maintain an holistic view of the system: identify and work on the weakest component, and try not to finesse your favourite element.

Many yield formulae imply untenable assumptions such as a “virgin” resource, a normal forest or a suspension of harvesting until mid-cycle. Thus for many situations, it is expedient to simulate the actual sequence of harvesting operations across the forest estate and thus to predict the characteristics of the harvest and the residual forest directly (Preston and Vanclay 1988). This is easy with a computer and a system like the one proposed. Our Area Information System provides the basic input to a simulation program that updates all inventory to the present, and then

a) selects one of the MUs (eg. based on time since logging, stand basal area, or timber yield),

b) simulates the harvesting of that MU, 

c) calculates how long the target cut can be sustained by that MU,

d) updates all the plots and other MUs information to that date, and

repeats this cycle endlessly until the resource is destroyed or sustainability is demonstrated (Vanclay 1994b).  A relatively simple iterative program of this kind can thus simulate the sequence of harvesting across the resource, provide details of the anticipated harvests (volumes, log dimensions, species composition, etc), and offer several indicators of sustainability (e.g. average stand basal area, standing volumes, prevailing time since last harvest, etc). Various embellishments are possible to make the simulation more responsive to operational constraints (Vanclay 1994b).

The tree-list modelling approach (Vanclay 1994a) is particularly suited for this application because it maintains the inventory data in a relatively unchanged form throughout the simulation, so that it can be saved in temporary files and processed in the same way as any other inventory data. The approach also offers a robust framework that can be adapted to a broad range of forest types. Queensland continues to use the original framework, now applied to a dozen forest types ranging from tropical rainforest to semi-arid woodland. Despite this flexibility, the system is tuned to the Unix operating system and is customized to management milleau in Queensland. State Forests of New South Wales have on at least two occasions, considered purchasing it from Queensland as a “turn-key” system, but have prevaricated, apparently because of their different management style. Is it possible to design a system that has broad general appeal but is easily fine tuned to individual client needs? 

Challenges and opportunities

Every forester knows the importance of site index in plantation management, yet we seem to overlook the influence of site in tropical high forest. A number of alternatives show promise (Vanclay 1992) but have not received much attention, and warrant further research

Similarly, most of us involved in growth and yield research in the tropics have been frustrated by a lack of data for certain sites and species. It seems reasonable that a well-established relationship for another species occupying a similar niche elsewhere should provide a good basis for inferring growth in data-poor situations. It would be helpful to have some guidelines for choosing such comparable relationships in an objective way (perhaps through plant morphology, e.g. Vanclay et al 1997), and for adjusting them to the new application (perhaps using Bayesian estimation).

When we construct a system as complex as a yield forecasting system for tropical moist forest, it behoves us to examine it carefully to identify its strengths and weaknesses. Sensitivity testing is a good way to gain such insights (Vanclay and Skovsgaard 1997), but it can be a time consuming and tedious undertaking. Such testing could be greatly facilitated if offered as an automated option in the system software, a challenge for software developers.

Ratios of successive (simulated) harvests have been suggested as indicators of sustainability, despite several weaknesses. I find these simple ratios unsatisfactory (Vanclay 1996a), and propose that the potential of the residual (post-logging) stand offers a better basis for inferring sustainability. Unfortunately, a simple index summarizing the vigour of residual stands has not yet been established.

Inventory plots are expensive to establish and maintain, and efficient inventory demands optimal placement of our plots. Temporary inventory plots should be representative of their stratum, and that random placement of two to three plots within each SU is a good way to achieve this. The permanent sample plots on which we base our growth models are even more expensive, and since they are a long-term undertaking they warrant special consideration. They too, should be representative, not of the forest at large, but of the response surface that we try to establish. Thus it is appropriate to sample strata based on the principal predictor variables entertained in our model, to ensure that the response surface can be described reliably (Beetson et al 1992).

Conclusion

I think that we have established a good paradigm and clear precedents for yield regulation in tropical moist forests, including those for which data are lacking. Perhaps the most important aspects of the approach outlined above are the need to

a) adopt a systems approach encompassing a holistic view of forest management, and to

b) recognise clients, involve them in design and implementation, and ensure the system delivers the information they want, in a format they can use.

Many opportunities exist for further research and development, for application to remaining forested areas in the tropics, and for training and institutional strengthening.
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