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STRATIFICATION OF LAND INTO VISIBLY DISTINCT FOREST TYPES AS A PRE-INVENTORY EXERCISE:
HOW STRATIFICATION REDUCES SAMPLING ERRORS

1. RECALL OBJECTIVES OF INVENTORIES AND MAPS

Forest inventory is one of many required tasks that should precede the writing of a management plan.  The basic objective of doing an inventory is to provide the most up-to-date map possible of the forest resources that are about to be put under the joint care of local communities with the Forest Department.  The map, together with an accompanying write-up of tabular data from the inventory, should present a general but useful description of 

(  what is out there in terms of economic potential and ecological importance, now and in the near future; and

( where these things are located in relation to those who are to care for them, the “stewards”.

Accompanying sample location data should feed into a map of the findings.

Specific objectives of any inventory taking up some weeks of time and salaries of project and Forest Department personnel must be agreed upon and written up before fieldwork, indeed, even before training, can begin.  It has been helpful to precede the technical inventory with the “Village Resource Assessment”, or “Participatory Resource Assessment”, which identifies the most economically important vegetation, wildlife, and water resources inside the forest boundary.  Once identified, inventory objectives and methods can be adjusted so that information is collected on forest resources that are given importance by the caretakers themselves.  In this way, these often-overlooked forest products can receive the special attention they deserve during the more numbers-oriented work.

In the case of Chiulukire, for example, the objectives of the VRA were:

1. To try out several published methods of drawing input on important forest resources from villagers through techniques more conversational than technical in nature.

2. To open up communication with those assisting in writing the forest management plan in the year 2000.

3. To get people to think about their resources and the concept of sustainable management. 

4. To update features of topographic maps from the 1970s.

5. To gauge the level of participation to be expected this year, and observe how people view the forest resources in their area.

6. To identify resources, potential markets, and issues important to each respective area.

7. To get socio-economic information that will fulfill the need for area information.

Then the objectives of the technical inventory are to provide the following information by forest stand type:

1. Describe the count by species and diameter class for all tree species

2. Give a rough idea of sawtimber quantities per hectare

3. Give a rough estimate of quantities of other important products identified in the VRA

4. Provide information on the amount and type of woody regeneration

Because of the atmosphere in which the inventory is carried out, we could add to the objectives of the technical inventory:

· Provide an opportunity for Forest Department personnel to work on an even par with villagers who know the forest more intimately than they, and to work towards a common goal which is to get data to use in planning for a future forest

· Provide an opportunity for the Forest Department to update and practice their field skills and to upgrade their information on Zambia’s forest cover

The VRA, in which the Forest Department also participated, can be seen as the “bridge” to accomplishing a technical inventory and producing a map of results, which in turn plays into the writing of a management plan that is credible to all.

2. LOGICAL JUSTIFICATION FOR STRATIFICATION BEFORE FOREST INVENTORY
In uneven-aged forests such as the local forests we are often seeking to place under joint forest management, the characteristics that we want to quantify as stated in the objectives are not uniform throughout the entire area.  Geology and soils, exploitation and history, and climate all influence the species sizes and composition.  The whole of the forest composed of thousands of hectares then becomes stratified into smaller land areas as each is exposed to different combinations of influences.  

In addition to the environmental differentiation, the whole of the forest will most likely be divided up into management units that are closest to the actual villages whose residents will be utilizing the resources, which leads to further cause for identifying individual forest stands.

For these reasons, it is practical to correlate the appearance of forest cover on an aerial picture of it with data gathered during an inventory on the ground.  This is accomplished by taking random or systematic samples of the forest composition within the limits of any homogeneous forest area “stratified” apart from others adjacent to it by virtue of its distinguishing color, texture, and topography combinations.  In the end, a given color-texture-topography combination will be correlated to a probable description of species, their sizes, and their density found there.

Stand versus stratum

 Sometimes a distinct color-texture-topography combination occurs several times within the forest boundary in different places.  When this is the case, any area with that combination must meet a predefined minimum size criterion before it is recognized as an individual unit apart from the surrounding area.  If the size is sufficient, the area is then “stratified” as a forest stand apart, although other stands can have a similar appearance.  All the stands with the same appearance then together make up the stratum, even though they are not connected.  Sampling a certain number of these stands serves to describe all of them.

Alternative to stratifying ahead of time

If no aerial view of the forest cover is available, the alternative is to execute a fairly tight grid of systematically located plots across the entire forest.  This allows one to draw one’s own forest type map and stratification of the forest as visible type changes are noted along known (measured) distances traversed.  The averaged samples then describe what actually lies within the types encountered.  The two drawbacks to this approach are 

(1) it takes a lot of samples and a lot of walking to develop a dependable map, and 

(2) there is a risk that important small elements (such as high-density galleries or old forest remnants) can be missed unless the grid walked is excessively tight, such as spaced at 200-300 meters.

In any situation, it is preferable to start with aerial coverage of the forest, even if the views are somewhat dated.  (It is usual to have access to aerial photography that is at most 10 or 15 years old.)  Old views will still contribute to the assessment of where forest type lines should be drawn, even if logging or field encroachment has occurred since they were taken.  At the least, they can show potential for a forest henceforth well-managed.  They could be used also for financial estimates of money gone out of the forest area.   

A word about media:  Satellite imagery promises to replace cumbersome arrangements to have new airplane missions flown.  As of year 2000, scales and resolutions of images are improving for forest type, illegal field, village, and road updates.  Although they can be more expensive than new aerial photography depending on the forest hectares, they better fit the quick timeframes that shackle most forestry projects.  Nonetheless, aerial photography’s superior resolution and power to view minute details and topography through magnifying glasses make them hard to beat for traditional forest assessment needs.

Numbers apply to specified areas 
When samples are taken within the confines of a homogeneous forest stratum, the average and standard error calculated from data on sample plots located in the stratum apply only to that stratum.  Moreover, if the stratification was done with logical criteria for inclusion, and care was taken to draw lines around only the most homogeneous areas, the average and standard error of one stratum will differ significantly from those of the others.  

Averages and standard errors can be calculated for any of the following, and more:

· number of trees per hectare in a given diameter class 

· number of trees per hectare in a diameter class by species 

· the basal area (square meters per hectare) covered by timber or nontimber species 

· volume in cubic meters per hectare

The variables whose specific averages are sought should have been defined in the write-up of the inventory plan, and a place to collect the numbers to calculate them should be found on the field form.

Defining strata that make sense
It is not enough to prestratify forests into stands based on accepted ecological classes alone.  The widely-used “Know Your Trees: some common trees found in Zambia”, republished by SIDA in 1995, lists 17 vegetation types in Zambia that could be considered Zambia’s “accepted ecological classes”:

-  8 are “closed” forest types and are found mostly in the north and west of Zambia;

-  7 are “woodland” or open forest types, including the plateau and hill miombos characteristic of Chiulukire;

-  1 is termite mound area, which transcends four different forest types; and

-  1 is the grassland or dambo type, found in low areas with high water tables.

At the 1:250,000 scale at which the vegetation map of Zambia is made, the entire forest of Chiulukire is called simply miombo with some inclusions of munga and mopane.   This is not a satisfactory classification scheme from the point of view of identifying the sites and number of hectares that should be reserved for charcoal making, for honey production, for hunting reserves, and so on.  

More useful for the specific case of Chiulukire Local Forest is to describe some specific miombo subclasses encountered during field visits.  We have identified some of these subclasses on the satellite view and have ground-truthed them.  They include the following homogeneous stand types:

· Pure stands of Brachystegia bussei,  a potential veneer species

· Dambos interspersed with sparsely- or densely- stocked woodlands; grass growing in dambos can be exported to a lively market in Chipata

· Galleries located in narrow and wide valleys, some stocked with construction bamboos and some stocked with sawtimber

In summary, at the scale of the local forest that is the target of the management plan, the wide variety of subclasses found within miombo make it necessary to further stratify Chiulukire forest into stands that can be managed based on their composition, density, and topography, characteristics that can be correlated with appearances on the aerial view.

3. STATISTICAL JUSTIFICATION FOR STRATIFICATION BEFORE INVENTORY

The preceding discussion on why it is logical to stratify a forest into a set of homogeneous stands before starting the technical inventory is reinforced by the statistical superiority of the results. 

It is intuitive to think that the reasons for drawing lines around forest stands that look homogeneous arise from certain variables that cause the stand to look a certain way.  Rock outcrops, grassland, and watercourses are some contributors to appearance, and should be relatively easy to identify on an aerial view of the forest at a 1:25,000 scale.  Other contributing variables that are measurable on the ground are tree species, size of trees, and spacing between the trees.  During field sampling diameters and heights are measured to describe tree sizes, and trees per hectare are counted to describe spacing.  Species information is used to classify averages of the size and density information so that a complete tabular description of each stratum can be made.  

For the Chiulukire inventory, the table of averages for each stratum will contain the number of trees per hectare in the range of diameters found there, broken down by species.  Because during the inventory we are also recording regeneration and both timber and nontimber forest products such as roof trusses, bark hives, and traditional broom plants, averages for these variables will also be calculated and presented. 

The “plus or minus factor”
 Beyond a simple average value for a given variable, we like to know the degree of confidence we can have in the averages derived from the sampling.  This has to do with the “plus or minus” factor when we are reporting a calculated average:  “We are 95% confident that the average amount of bark hive material per hectare is 40 meters of length plus or minus 10 meters.”  Or, “There are 10 cubic meters of construction timber per hectare in this stratum, plus or minus 3 cubic meters.”  The “plus or minus” is a product of the level of confidence desired in the estimation and the standard error associated with the calculated mean.  The standard error itself it is a function of both the variability of the samples measured and the number of samples measured.  

An objective of statistical sampling is to narrow down the “plus or minus” statement as much as possible so that management planning and financial analyses can be based on the best and worst case scenarios.  

Narrowing down the plus or minus factor
There are three obvious ways to narrow down the plus or minus statement.

1 - Take a high number of sample points 

In the formulas used to calculate the plus or minus statement, the number of sample points measured appears in the denominator.  Therefore, the higher the number of sample points, the smaller the standard error, and the narrower the plus or minus statement.

The needs for precision (a narrow plus or minus statement) and for accuracy (a calculated average that is close to the true value) are, ideally, determined before the inventory starts.  Several mathematical formulas can be used to get an exact number of sample points necessary to meet predetermined needs for accuracy and precision.  

But, practically speaking, in the experience of 3- or 5-year projects, and when the first inventory is more a description than a basis on which to sell forest products, it is time and availability of personnel that dictate the number of sample points that can be done.   Detaching Forest Service personnel for a month or more is no small matter, with competing project activities and other tasks that superiors often have lined up for them.  Detaching project personnel for that amount of time requires careful planning in advance so that other aspects of the project do not suffer.  And even farmers, sawyers, or other community personnel who are supposed to be on the data collection team have farming or other activities that need attention after being away for a few weeks on a project that is not immediately bringing in food (though it may be bringing in a little per diem).   

In a descriptive exercise, such as this first inventory of Chiulukire, it is not necessary for the precision to be as narrow as it would need to be before a timber sale.  Therefore the number of sample points was estimated as being the product of 4 weeks of fieldwork, 4 workdays per week, and 8 points visited per day, for a total of 128 sample points.  

To make the operation even more efficient, sample points were grouped (clustered) in fours, since in many areas the access was limited and two to three hours each day would be spent walking.  An inventory arranged in this way – with “primaries” chosen at random, then “clusters” sampled at the site of the primary – is called a two-stage or cluster-sampling scheme.  Calculation of the standard error has its own special formula for this type of sampling.

2 - Reduce the range of data characterizing the forest by stratifying it into homogeneous stands that are sampled separately

As mentioned above, a factor contributing to the width of the “plus or minus” statement is the variability of the samples used to calculate a mean.  Variability is closely related to the range of values for which you are sampling:  the range is the maximum value minus the minimum value measured.  The more uniform or homogeneous the forest, the smaller the range will be for most variables of interest: trees per hectare, cubic meters per hectare, number of live sunde bushes per hectare, and so on.  

Since nature (with man’s help) has disposed forest populations of plants as fits best the local terrain, variability throughout areas of thousands of hectares is natural, but it does cause difficulty in estimating averages within a narrow range.  Most likely it will be possible to corral variability by drawing lines around areas which have a homogeneous appearance on the photograph and hence a homogeneous appearance on the ground.  The individual plus or minus statements for the individual strata will then be narrower than if you had combined them all together and calculated the variability of the whole forest.

3 - Assure consistent data collection techniques  
The third way to narrow the plus or minus statement is to assure consistent data collection throughout the inventory.  “Quality control” involves assuring that the field crew adheres to rules made in advance for both typical and atypical field conditions while collecting and recording data.  If the crew(s) can be coached to consistency from the beginning, the rest of the inventory will be more reliable and require only occasional checks.  

Our crew consists of two persons that do not change throughout the inventory process, and two that change depending on the area in which we work.  The two stable members are a Forest Department technician (Muwya) and the CLUSA forest specialist (Simute).  They have the most training in equipment use and systematic execution of sample plots.  The other two members are village resource informants that come from one of four areas around the forest (northwest, northeast, southwest, and southeast) that correspond to CLUSA agricultural centers.  Their main responsibility is to name the specific uses and products of trees that are inside the sample plot.   Which members work on the crew in a given week depends on the preselected locations of plots inside the forest that week.

Even if there is some bias entering in – for example, overestimation of cubic meters per tree or underestimation of tree heights – as long as the bias is consistent, it can be corrected if it is found to affect the analyses seriously.  In Chiulukire, we have used weekly field checks on proper equipment use to verify the quality of data collection.  This applies to diameter tape, sample prism, clinometer (height measurer), 100-meter tape, and GPS unit.  Forms are also checked for completeness.  

Consistency among the two village informants that describe individual tree products is harder to verify; only the note taker can get a feel for consistency from area to area using different informants.

Our one difficulty is that we have had to change the part of the crew  that feeds us wood product information each time we move to a different section of the forest.  This was a request made by the neighboring villages working with CLUSA, to have their local residents involved in inventory when it occurs in their vicinity.  By using the local village resource informants, each area feels that it is adequately represented and the whole exercise is more transparent (causing less suspicion).  

The advantage of changing the team composition is that it does provide the CLUSA and Forest Department personnel in charge of data collection with knowledgeable guides.  The disadvantage is that we have traded a certain amount of consistency in product estimations for this local comfort.  In the future, we might provide for one training with all the village informants together to calibrate estimations before the technical work begins.  We could also screen candidates for the job and take only the best/most consistent.
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