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Introduction

No less than anywhere else in the world, ensuring sustainable forest management in Indonesia is a highly pressing issue.  The significance of the forest sector in the national economy and the increasing global market demands for eco-labelled forest products have led the Government of Indonesia to pay increased attention to the subject.  One of the primary problems surfacing recently is the urgent need for appropriate methods, techniques, or tools necessary for accelerating the progress toward accomplishing sustainable management of natural forests.

In the prevailing Indonesian forest management system, natural forests are divided into units of forest concessions or HPHs.  The accomplishment of sustainable forest management at the national level is therefore dependent upon the degree of accomplishment at each concession.  Meanwhile, one of the most important prerequisites for sustainable management at the concession level is the quality of long-term management planning, in which yield regulation is a major component.  The problem faced in Indonesia today is that the existing procedure of yield regulation for natural forests no longer fits the actual conditions. On the other hand, any attempt to devise or adopt more proper methods or techniques is in turn prohibited by a serious shortage of an essential input, i.e. growth models of logged-over natural forests.  A conventional solution to this problem would be waiting for more representative growth data to become available, which is not favoured given the urgency of practising sustainable forest management.    

This paper is intended to provide an overview of the nature of yield regulation problems faced in Indonesia.  

The existing yield regulation method

Yield regulation in the current practice of natural forest management  in Indonesia is performed through the determination of the annual allowable cut (AAC) at the concession level using the following set of formulae: 


(1)
AAC L = L / T


(2)
AACV =  AAC L x(V  x  fe

where

AAC L = annual allowable cut in terms of area  (hectares)

L =  total production area (hectares)

T =  rotation (35 years)

AACV = annual allowable cut in terms of volume (m3)

             V =  average harvestable stand volume (m3/hectare)

            fe = factor of exploitation (usually 0.7 – 0.8)

Formula (1) divides the entire production area (excluding non-effective portions such as conservation areas) of a forest management unit (FMU) into n equal annual cutting blocks (n being the rotation length).  One of these annual cutting blocks is assigned for harvest every year.  Formula (2) gives AACV which is the upper limit of the total production every year over a 20-year period. The actual volume that can be harvested from an annual cutting block is the annual allowable production (AAP) given by: 


(3)
AAP =  HV   x(fs
where:

AAP = annual allowable production, 

HV = actual harvestable volume of a particular cutting block obtained through 100% timber cruising, 

 fs = a safety factor (currently set at 0.7) intended to accommodate likely     overestimation of harvestable volume due data inaccuracy.  

AAP is determined specifically for each annual cutting block a year preceding logging and is based on stand volume estimation obtained through a 100% pre-logging timber cruise on the particular block.  AAC on the other hand, is determined once every 20-year period (being part of the long-term management planning) and based on standing stock data obtained through a forest-wide inventory using a 0.1% - 0.3% sampling intensity. 

In practice AAP is restricted not to exceed AACV , meaning when AAP turns out to be larger than the predefined AACV,  AAP is defined to be equal to AACV.  AAP is strictly to be achieved within a single cutting block; when the harvestable stand volume contained within a particular cutting block is in fact smaller than the resulting AAP,  logging is not allowed to continue on to another block.  On the other hand, logging in a particular block must be terminated whenever AAP has been reached, although the block might still contain substantial harvestable stand volume.  

It is apparent  Formula (1) is more determining than Formula (2), meaning the method is in essence a variant of the classical area control method.   The method is fairly conservative considering the use of AACV as the upper limit of timber extraction and the incorporation of a safety factor  fs.

Why an alternative is necessary?

In the present system of natural forest management in Indonesia, a forest concession is granted for 20 years, which is extendable in 20-year increments.  Likewise, the long-term management plan is prepared for every 20-year period.  With a given 35-year rotation length, by the time a forest concession entering the second 20-year period, more than a half of the forest within the FMU would have been logged-over.  And this is currently the case in Indonesia. 

The prevailing method of yield regulation (the set of  formulae) seems valid for management of virgin forest during the transition period (from virgin forests to mixed uneven-aged production forests) but not for logged-over forests in the subsequent periods. Unlike virgin forests that are in a state of stable equilibrium, logged-over forests react to reduction in stand density with growth.  Moreover, growth of logged-over stands varies greatly due to differences in site conditions, previous logging intensities, logging damage, species composition, post-harvest silvicultural treatments, as well as external disturbances.  The prevailing method does not account for these factors, and therefore is inappropriate for FMUs entirely or partially consisting of logged-over forests.

One could conjecture that the method was adopted with an intention to attain  “normal”  or “regulated”  mixed uneven-aged forests at the FMU level by the end of the first rotation, hence ensuring a stable annual production henceforth.  The accomplishment of this goal however, is dependent upon several conditions including: (1) no significant  reduction in forest area over the rotations, (2) no excessive external disturbances (forest fires, illegal logging, and land encroachment), and (3) logged-over stands do grow toward the growing stock level of their former virgin stands.  The fact of the matter today is that virtually none of these conditions hold.  As a result, after nearly three decades of application, no FMU is quite close to a “normal”  or “regulated” forest, and sustainable production seems to remain theoretical.  In short, the method is both conceptually and practically unfitting for the real situation. 

In general, if a new method is to be devised or adopted, the following considerations need to be taken into account:

1. The currently emerging new paradigm of forest resource utilization in Indonesia put special emphasis on the multiple-use nature of forests.  In line with this, sustainable management  must be perceived as a state in which timber harvest proceeds within a set of conditions that also ensures the sustainability of non-timber values of the forests.

2. From financial stand points, secondary forests are not as attractive as virgin forests; while expected yield is significantly smaller, expenditures have to be made and risks incurred before any harvest takes place.  The yield regulation procedures should lessen this liability by providing sufficient room for manoeuvring, such as using flexible rotation ages and allowing variable annual cuts. 

3. Notwithstanding the mitigation efforts undertaken, there is still no guarantee that loss of forest areas due to either legal conversion or illegal encroachment will cease to occur in the future.  This fact ought to be explicitly incorporated into the yield regulation method.

4. Conventional yield regulation methods rely strongly on yield simulation based on growth models.  Despite the extent of natural forest management in Indonesia, reliable growth models of natural forests are still scarce.  Growth data has just begun to accumulate but still prevents development of growth models through traditional modelling approaches.  Thus the alternative yield regulation method should be either one that does not demand growth models or alternatively integrates a modelling module that is capable of resulting in growth information from less perfect growth data.  

Currently proposed alternatives

Some alternatives are being proposed for replacing the current AAC determination method.  They include: the Austrian Formula and some variants of a computer simulation system.  

Austrian Formula

Some foresters suggest  the adoption of the classical Austrian Formula. Thus, AAC is to be determined using a combination of Formula (1) and the following formula:


(4)
AACV = V/T x  fe
where 

V  = (Vi  in which,

Vi = volume of stand i at the rotation age (35 years), 

which is projected using  Vi   = V0 + (tjIj   

where V0  = present volume of stand i,  

tj = time period j , and 

Ij  = estimated periodic annual increment of stand i in time period j.

It appears the only difference with the prevailing method is the incorporation of a growth component in the AACV computation, making it suitable for management of logged-over forests. However, it is still an area-control method and implicitly assumes that no reduction of forest area will take place in the future. Since there is no substantial improvement from the prevailing method, this alternative does not warrant adoption. 

DIPSIM 

DIPSIM (Dipterocarp Forest Growth Simulation Model) was first developed for management of dipterocarp forests in Sabah, Malaysia (Ong and Kleine, 1995).  It is currently being applied in a pilot project  in Central Kalimantan, Indonesia (Hinrichs and Kleine, 1999).  In DIPSIM, AAC is a harvest volume in a given year that does not deplete the growing stock but instead allows it to build up to a desired level.  Basically DIPSIM evaluates predetermined AAC levels by demonstrating the impacts on the future stocking condition of the forests.  Thus, the appropriate AAC is obtained through a process of “trial and error” using various logging intensities.  It follows that a key input to run DIPSIM is a set of growth models including models for tree diameter increment, mortalities, recruitments, and logging impacts.  Combined with inventory data these models are used to simulate the annual growth in terms of stem number, volume and basal area of each compartment within a management unit.  By comparing the future stocking conditions with an optimal growing stock level and considering other user defined conditions (minimum economic cut,  maximum number of harvest trees, diameter cutting limit, minimum residual trees, etc.) DIPSIM identifies stands that are economically and environmentally viable to be cut in a given year and an appropriate AAC can be identified.  It follows that the rotation length is therefore not strictly predetermined at 35 years, but rather is determined on a per-compartment basis.  Depending on its simulated development, a logged-over stand of less than 35 years may be cut, while another logged-over stand of 35 year old or older may be left for a later harvest.  

Yield Simulation System (YSS)

YSS is similar to DIPSIM in the sense that it applies a “trial and error” approach to determine harvesting levels and rules (annual cut, cutting limits, cutting intensity, cutting cycle) that best meet the user defined management objectives.  Accordingly, YSS main inputs include a set of growth models in addition to inventory data.  YSS was developed by Rombouts (1998) for dipterocarp forests in East Kalimantan.  Applications to other forests/regions are subject to the availability of appropriate growth models. 

Like DIPSIM, YSS  is a volume-based yield scheduling system; areas to be harvested are output rather than input.  A distinguishing feature is that reduction in forest area is explicitly handled by a forest conversion module that reduces the simulated forest area at a rate specified by user. 

KPHP Yield Regulation System

KPHP is a proposed tenure system intended to replace the prevailing concession system (currently being implemented as pilot projects).   In KPHP’s scheme, yield regulation uses basal area as the primary control variable.  This preference is based on an observation of an interesting characteristic of tropical rain forests, i.e. basal areas of virgin forests vary surprisingly little around 35m2ha-1 and maximum increment is usually reached at a basal area of around 25m2ha-1.  Thus, the basic logical concept is to log a given stand up to a basal area level in the neighbourhood of the maximum increment, as far as financial considerations allow.  

Like DIPSIM and YSS, the KPHP yield regulation system also requires appropriate growth models, in this case basal-area growth models. Robert de Kock (pers. com.) provided an illustration describing the implementation of the  KPHP approach on a lowland dipterocarp forest in East Kalimantan.  A set of simple models relating stand basal area and basal area increment was employed to simulate the development of the forest over a number of successive rotations. The outputs indicated that the simulated forest attains a maximum commercial volume CAI of about 1.8 m3ha-1yr-1 in the neighbourhood of a total basal area (all species over 20cm dbh) of 25m2ha-1.  This optimum basal area corresponds to a total gross standing stock of about 240m3ha-1 (the figure is obtained using stand volume functions).  Meanwhile, under the present Indonesian circumstances, an extracted volume of about 32.5 m3ha-1 , which includes a roughly 50% logging waste, corresponds to a 65.5 m3ha-1 harvest.  These figures lead to a decision to log the forest when it reached a basal area of 29.2 m2ha-1 (total gross volume of 285 m3ha-1), leaving a residual basal area of 23.0 m2ha-1 (total gross volume of 220 m3ha-1) about 28 years after the former logging.

Problem: shortage of growth models  

DIPSIM, YSS and KPHP are all promising, but none of them are immediately applicable. They all require growth model inputs, and this is exactly the problem prohibiting their wide application.  At present, growth models for Indonesian natural forests are extremely scarce, available for only limited lowland dipterocarp forests in Kalimantan (which have, in fact, been incorporated into DIPSIM, YSS or KPHP systems).  

The first and most important factor behind the shortage of growth models is the insufficiency of data on the growth behaviour of logged-over natural forests.  This is due to a prolonged ignorance on the part of forestry authorities about the essential need for accurate growth and yield prediction in sustainable forest management.  As a result, only a very limited set of growth data (including those used to develop growth models for lowland dipterocarp forests in Kalimantan mentioned earlier) was accumulated  during the last three decades, a prosperous time for natural forest exploitation.  This limited data represent just a small fraction of the highly diverse and site-specific natural forest conditions across Indonesia.

On that account, it is quite encouraging that, lately, there has been a notable change of attitude.  A Ministry Decree was issued in 1994 which makes it mandatory to collect growth data on forest concession areas. Each  forest concessionaire is required to establish and monitor series of permanent sample plots (PSPs), which eventually will amount to 7 series of 6 PSPs ( a total of 42 PSPs).  This project is beginning to result in growth data; up to this moment about 150 (out of about 400) concessionaires have complied with the requirement, which means at least 900 PSPs have been established. The whole project however, is still in the early stage.  Many concessionaires are still lacking skilful personnel to undertake work that is usually carried out by trained researchers.  Consequently, except for a minor portion, the accumulating growth data is in general of insufficient quality (Rombouts, 1997).  In addition, the majority of the PSPs were established in the last 2 – 5 years, meaning the data series is still very short-term.  

Another expected source of growth data is The National Forest Inventory (NFI) of Indonesia.  NFI is designed from the outset  to produce data for monitoring changes in forest resource at the national level.  For that purpose, clustered plots (consisting of nine one-hectare sub-plots) are placed on a 20km x 20 km regular grid nation wide.  One of these clustered plots is treated like a PSP.  This scheme is also starting to yield a large quantity of growth data, but in terms of quality is not much better than the concession PSP data.

The second factor leading to the shortage of growth models is associated with growth modelling methodology and its perceptions on the part of both modellers and users. Growth  modelling methods described in the literature are naturally dominated by those for temperate forests, which are commonly less complex ecosystems compared to tropical rain forests.  For that reasons, applying those modelling methods to tropical rain forests requires some simplifying assumptions which means, to an extent, a possible degradation in model reliability.  Many modellers strangle themselves between hesitation to accept this forfeiture and inability to invent alternative approaches that better fit conditions obtaining in mixed tropical rain forests, especially under selection cut management regimes. Given the urgent need of growth models, both modellers and model users are forced to become more rational.  By its nature modelling always involves some simplifying assumptions; there is no model that can portray the reality, that are not necessarily observable in actual practice, without flaws.  The question is whether the assumptions are quite tenable or not. 

An alternative scheme for growth data collection

Notwithstanding the encouraging progress achieved lately, it will still take quite a long time to obtain growth data of sufficient coverage and quality for developing the needed growth models.  An efficient shortcut is to merge growth data collection into the periodic stock-taking survey or Forest Orientation Survey.   Under current Indonesian practice, a Forest Orientation Survey is carried out every 20 years, that is for the preparation of the long-term management plan.  This survey is generally conducted using a systematic strip sampling method with a sampling intensity of 0.1% - 0.3% or, with proper stratification, reducible to 0.05%.  In conjunction with the intention to merge growth data collection, it is recommended that this period be shortened to 5 years.  In any case, considering the current pace of change in forest resource condition, 20 years is indeed much too long. A revision of sampling method is also necessary.  The suggestion includes systematic plot sampling, customized line-plot sampling proposed by an Indonesia-GTZ Pilot Project in Central Kalimantan, or plot-less probability proportional to size sampling proposed by the KPHP Project.  Growth data are to be collected by setting aside a [small] portion of the plots to be remeasured every 2 – 5 years.

Growth modeling with minimal data

As described earlier, a large amount of PSP data is expected to accumulate in the near future, but it is mostly of insufficient quality.  Before data of a better quality are available, maximum use can be made of these data.  If data sets of at least two measurements are available, regardless of their imperfect quality, some sorts of growth models are attainable.  Some variants of conventional modelling approaches have been shown to be quite feasible with such data. The transition matrix approach for instance, has been shown to be quite applicable for obtaining stand projections, at least for a fairly limited period (5 – 10 years) with minimal data (Kock, 1996; Rusolono et al. 1997; Parthama, 1999).  Another option is developing diameter-distribution or stand–structure equations for each measurement, followed by developing equations regressing parameters of diameter-distribution function at time t+(t  against those of time t (Parthama, 1998).  It is also possible to develop equations regressing periodic annual increment (PAI) in terms of basal area (BA) or standing volume (V) against years elapsed after logging (YEAL).  

But the real problem is when the data available is only of one-time measurement, or in the data collection scheme described earlier, only of the first measurement.  Fraser (1997) used such data in a preliminary work and indicated a significant dependence of gross volume (trees with diameter of 20cm and up) on YEAL, base rock type (land system), altitude class, and position on slope (land facet). This result suggests a possibility of obtaining growth model from such one-time measurement data.  It should be noted, however, that it demands similarities across plots in terms of pre-logging stand conditions and former logging intensities.  In addition, plots must be free of significant disturbances following logging (i.e. illegal cutting, fire). If these conditions do not hold, the resulting regression will be dubious. Proper stratification is therefore very crucial and historical data about pre-logging conditions and logging intensities are necessities.  At this moment, there is no discernable suggestion beyond what has been done by Fraser.

Concluding Remarks

Under Indonesian condition, the volume control yield regulation approach is more suitable.  In addition, the method has to accommodate inevitable reduction of forest area over time due to legal conversions, illegal encroachments or natural disturbances.  It also has to take into account the variable stand conditions and allow flexible rotations. 

A number of simulation-based yield regulation systems have been proposed.  The core of the problem, however, lies in the lack of growth models and data needed to implement these systems.   In a sense devising or adopting sophisticated yield regulation methods or techniques is not yet a solution to the problem faced until the shortage of growth models/data is overcome. Thus what is really urgently needed at present is a simple but reliable methodology or technique of producing growth models from less perfect growth data; exactly what is the focus of this workshop.  
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