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> SUMARY

This pﬁper establishes the need to evaluate the forest resource
of developing countriéﬁ as a preliminary to forest in;ustry deve-
lopment. The purposes of forest resource inventory are defined as
supplying information for -

(i) long-term policy planning

(1i) the eveluation of forest areas for exploitation investment

(1ii) direction of more detailed management investigation.

The requirements of a single inventory are to provide data on the
physical, biological and economic aspects of a forest srea. The
biological and economic data requirements are of principal concern
in this paper. .

| The application of forest resource inventory in Papua - New
Guinea is reviewed in the light of existing and potential forestry
development. The history of attempts at assessment of the forest
resource of the territory has revealed that at no time have entirely
objective methods been employed. It is contended that subjective
methods have no place in extensive forest inventory.

Because it is necessary to use a sampling technique in inventory,
the nature of the statistical populations which have to be recog-
nised is discussed. These populations are based upon utilization
requirements, although silvicultural requirements are not overlooked.
It is establisﬁed that papulatiunslbased on species, size and form
are essential to both requirements.,

The necessity to delimit, within an inventory area, those areas
of similarity of occurrence of particular populations, 1s demon-
strated in the light of utilization and silvicultural requirements.
Such demarcation is termed stratification.

A review is made of the methods of stratification of an inventory
area by aerial-photo interpretation. Species identification, photo-
mensuration and canopy-aspect mapping are the methods reviewed; the
conclusion being that canopy-aspect mapping provides the greatest
potential fdr achieving the ideal stratification based on species

and éize composition, It is established that there is room for

(14)
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considerable improvement in the quality of photography for tropical

forest interpretation., Some comments are made on the methods of
such improvement from the point of view of the forester?-interpreter.

Using photography designated as "multi-purpose", it is contended

that an interpreter will be sble to stratify only & small proportion
of any invenfory'areas of tropical rain forest. IniPapﬁa - New
Guinea, almost all inventory areas are remote from any point of con-
ventional access. For phese reasons, a multi-stage sampling procedure
is recommended as most efficient, especially when helicopter transport

is used. The possibility of extension of the multi-stage sampling

L -
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technique to equally remote but more intensively stratified inventory
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areas 1s eXamined.

The impact of electronic data processing techniques on Volume

e by

Teble construction is briefly discussed. Computer application to
processing inventory data is indicated as a natural step towards
efficiency and economy.

From data collected in Papua, the writer is able to make recommend-
ations aﬁ efficient mensuration methods for inventory. Some of the
problems associated with the measurement of rain-forest trees are #
outlined. The paper discusses the potential of the point-sampling
by angle-gauge technique with the conclusion that, for extensive
inventory practice, the use of small circular plots is superior,

The necessity to determine the influence of errors, other than
sampling error, in the expression of total volume on an inventory
area 1s discussed. The source and significance of these errors is
indicated.

Finally, the paper refers to the mgjor danger to inventory relia-

bility as failure to appreciate the extent of hidden defect in standing

i

trees. ' It is contended that there is much research to be done on

methods of defect assessment.

(434)
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1,1 The Need for Forest Resource Inventory
(with aclnowledgement to the preface of the Proceedings of
the Photo-Interpretation Symposium, Delft 1962)

Demographic statistics indicate a&ﬁorld population increase of 3.5
thousand millions by the year 2000 A,D, This figure represents an
increase of 117% over the estimated 1962 bopulation; Additionally, the
bulk of this increase is to occur in less developed regions, where |
national governments will be involved in advancing living standards in
addition to merely supplying sustenance.

A tremendously increased demand for raw materials must be mel and,
more importently, must, in many cases, be met locally. Such local
supply affords a saving on imported goodé (assuming such are availeable)
a;d enﬂufes the development of sophisticated industrial processes
essential to national development. P il 1

In the field of timber supply, it is not optimistic to éxpect the
denand for indﬁstrial wood to double by the end of the century.

Increased attention is thus being focussed on the tropical regions -
|

currently estimated to contain some 45% of the world's forest area yet

W b W

contributing only some 6% of the industrial wood supply. :
The main explanation offered for this low performance is that

economic eXplditation of moet tropical forest is hampered Dy the great

variety of ‘species found - only a small proportion of which are at

present of velue. However, with the emphasis shifting from timber, in

the sense of logs, sawn products, veneers etc. to cellulose in recon-

stituted products (fibre-boards, pulps), in addition to the preservetion
of less durable timbers and the use of soft timbers in larger sectlons,
it is contended that a much wider exploitation of the tropical forest
may be expected.

The desirability of a sophisticated local forest industry, the

potential use of a wider rangé of tropical species and the potential

for export are now appreciated by many tropical governments. In add- ?

|
|
|

ition,.nparly all governments have adopted a forest policy recognising

the full value of forests for production, protection and amenity.
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\Yet, the output of tropical forest areas has not shown any ihcrease.

Planning under forest policies aimed at the goals described has been

hindered by'ihadequate knowledge of resource and hence, inade@uate infor-
mation on.its value for investment. Much of this lack of knowledge
concerning the forest resource mey be attributed to.the inaccessibility
of the primary Iorest.

The.inacceﬂsibility referred to is economic rather than mechanical

from the viewpoint of conducting an appraisel of timber resource. Most

tropical countries are limited in the availebility of finence, trained
personnel and transport. The maintenence of forest appreaisal teams in
remote areas is difficult, conseguently costly. Also, there ic a
deterioration in morale and efficiency of the personnel in long absence
from their base.

This dissertation is directed at methods of gppraisal of the timber
resource of rcmuhg tropic%; areas, Such an appraisal may be termed

Iforest resource inventory" and has been defined by Harrison (1950) as

"a record of the location, extent, nature, condition and productive

' capacity" of e forest.

1.2I The purpoces for and requirements of Forest Resource Inventory.

In order to satisfy the need outlined above, forest resource '

inventory must supply information for three possible purposes. These are -

(1) for the pianning of a constructive forest policy, appreciating

i
i
that forestry is a competition for land with other users e.g., i

agriculture, grazing etc.

(2) for the evaluation of e forest area for investment aimed at

——

its economic exploitation.

(3)  to provide data for detailed investigation of "management'.

—— e

The distinction must be drawn immediately between "recource

inventory" and "mensgement inventory"™ - +the latter implying a more

e S o = ==

detailed investigation and record of a forest area to be placed under
"management". (Carron, 1961.)

The word "inventory"™ is originelly a commercial term referring to
ﬁhé preparation of deteiled stock-ligts showing numbers, nature and

value of each item. Foresters have adopted this term in the sense |
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givén above.

To satisfy the purposes far'a foresf Tesource inventory, the
inventoryrﬁﬁst_provide data in an acceptable form, The provision of
~thic data is here termed the requirements of forest inventory.

These requirements of a gingle forest inventory are to provide - _

A, Physical data on ~

| i geographic location
ii extent
iii physical features
Be Biological and Economic data on -
i forést composition
ii the amount of forest produce available

The last two requirements are difficult to separate and are best
described as the determination of a stand-table and utilizable volume
in areas of similarity of occurrence.

The word "single" above has been enphasized as this dissertation
is not direpted at'repeated, periodic or continuoué resource inventories
whose requirements are detection of changes in terms of A,ii and B.i and
ii listed above,

The requirements listed are common to all three purposes of resource
inventory. Only the amount of detail required by the particular purpose
'w11; vary. JIn geﬁeral, development planning is a long-term activity and
1s considered at large-;cale - nationally or at l;ast regionally.,
Forest resource inventory for this purpose will thus be termed regional
inventory and will require a lesser degree of detail thean an inventory
for evaluating the forest for investment or litigation, which will be
termed local inventory. Included under investmen® or litigation
considerations are -

(1) determination of royalties i

(2) determination of capitalizaﬁign necessary for exploitation

(3) determination of the direction of utilization

(4) determination of a value for the forest area either for

purchase or for settling a claim.,

Both regional and local inventories satisfy, to differing degrees,

L
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~the third purpose for resource inventory - that of providing direction

A3, 5106 Apﬁlicaticn of Forest Resource Inventory
Modern technology has provided the meens of accomplishing an

for menagement inﬁeStigamions.

efficiency%previausly unknowvn in rasourcelianptory:and appropriete
mafhods include -~

(i) aerial photo-interpretation and mensuration

(i1) statistical method

(111) m;nsurational aids

(iv) electronic computation

(v) aerial_transportatioh by helicopter.

A1l these techniques have been used in many places, some for a |

K .cbnsiderable period. The writer 1is concerned, however, with the appli-

cation of these facilities'and techniques to inaccessible tropical
forests as he has experienced them in Papua - New Guinea. osome of these

. techniques and facilities are untried as vet, in these conditions.

The combined territories of Papua and Hew'Guiﬁea.occupy 183,540
squaere miles of which sboutb 36 million acres are estimated as exploitable
foresg. This area may be further sub-divided, dependent on locality and
population pressure, into 26 million acres destined for locﬁl production 4

only and 10 million acres SO placed as to be suitable for export develop- |

ment.

Under the joint administrative arrangement, all land 1s considered
to be owned by the indigenes (approx. 2 million people) unless purchased
by present or past administrations or declared to be waste and vacant - ' ;
tenure then being held by the administrating authority. At present, :
some 97.5% of the totel lend aree is indigenously owned - largely |
under the_traﬂitianallclan ownership tenure. ©Such tenure 1s 8O compli- ‘
cated that this land is cﬁnsidered es being of indeterminant ownership. |

Forest industry operates by the purchase of "timber rights" by the 1
Administration. The area on which these rights are purchased is then |
available for utilization by private companies who tender for the grant
'

of a timber permit. Local inventory is required for the determination

of & price to pay to the indigenous owners and for providing prospective

S e




\*investors with infcrmatiﬁn on which to base their'bids.

To develop more remote areas together with other forms of land use,
the f&fest gservice is committed to the preparation of a national forest
inventory. Such an inventory will allow decision on lend-use alterna-
tives - p{}ncipally settlement on a combined cash-crop - subsistence
agriculture basis. Thus the demand exists for regional inventory.

To ensure continued supply of timber for local consumption and for

export the forest service is committed to the acquisition of a national

forest estate. Such an estate is to be managed for the perpetual PYO-
duction of forest products. Both local and regional inventories can
provide information on the suitability of areas covered by the inven-
tories for more detailed investigation.
1.2 The history of forest resource inventory in Papua-New Guinea

Jiﬁce extensive Buropean settlement in Papua-New Guinea began in
the latter part of the last century, progress in appraisal of the forest
resource hes been most spasmodic.

At the request of the Administration, foresiry experts were sent to

! the territories in 1908 end again in 1923 but it was notl until 1938 that
a forest service was established. Shortly afterward however, & consider-
able part of the territories was occupied by the Japanese. With the

defest of their drive at total occupation, there began an unprecedented

denand for forest products. Austrelisn, American and New Zealand forces
were all operating sawmills and a special unit was established by the

Australian Army to assess forest potential.,

This unit, led by the head of “the former forest service, introduced
air-photo interpretation in mapping 56,000 square miles of vegetative
cover. Field work to assess timber volumes had just begun when the
territories were ‘handed back to a civilian administration.

Further inventory work was delayed until the forest service built

an adequate staeff - and this work, when commenced, was directed at
timber supply for the servicds own sawmills which were providing much
of the necessary material for reconstruction.

During the decade 1950-1960, inventory work progressed only as fast

as the demand for timber permits and staff availability allowed.
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Production was entirely for the domestic market.

Since- 1960 however, = Igreatlyk increased rate of urban and rural
develﬁpment, the establishment of an export market in Japan and the
availability of trained local technical staff have boosted the rates
of inventory enormously. Additionally, the use of small, high—poyereé
helicopters since 1963, has enabled the forest service to. attempt
inventory over a total aree of three million acres in 1965. (White 1965).

However, the writer knows of no single resource inventory carried
out at any of the activity periods mentioned which was free from sub-
jective methods. Such methods were used either in the selection or
location of sampling units or in the estimation of the velues assessed
on those units. To a large degree,  the science of statistical method
has been ignored on the pretext of its reterding the operation. ﬁucﬁ
objection illustrates to the writer a lack of comprehension of the
flexibility of sampling methods.

Iﬁ addition to operating under conditions of extremely difficult
access, the forest resource teams are contaiﬁing an increasing number
of technicel grade indigenes. The limited experience and variable
comprehension of the problem of this class of personnel demands that
objective methods be made obligatory. Ideally, assessment ol forest
velues should . become a mechanical recording of measurements.

Only bﬁ utilizing the full flexibility of sampling methods and by
adopting objective methods of assessment cen forest inventory become a
science making a contribution to better understanding of the tropical
forest., Until such time, results obtained by subjective methods at
any stage of the procedure will remain of dubious value-and of no credit

to the so=called science that produced themn.




2. THE METHODS OF FOREST RESOURCE THVENTORY /

It is proposed under this heeding to examine in greater detail the
requirements of foresf inventory listed previously, to appraise methods
used to satisfy these requiremants and ﬁo suggest those best suited to
Papue - New Guinea., In some cases, it will be necessary to indicate tﬁe
reseairch which must be carried out before a method can be accepted. An
outlineé of the research programme will be made in this event.

2.1 The Physical data reguirements of Inventory

(1) The geographic location of forest areas.

A nowledge of the geographic location of those areas of forest of
commercial significance is of immense value in forest development plan-
ning.

Implied in the topic is the definition of forest as being "of
commercial significance". In Papua - llew Guinea, forest having this
attribute is the rain-forest or high-forest. Other foresis such as
mengrove, monsoon, savanna and secondary forest are excluded as are
other forms of vegetative cover such as herbaceous and palmaceous
ﬁwampﬂ, grassland, shifting cultivation and agricultural crop land.

Naturally, what is regerded as forest of commercial significance
will very according to the development® of utilization and the locality
of the area in question. For example, lack of cheap transportation
between Papua - New Guinea and the Asian markets prohibits utilization
of mangroves in charcoal manufacture. For the time being the rain-
forest or high-forest must be regarded as the only forest of commercial
significance in Papua - New Guinea.

Also implied in the topic 1s a recognition of the impossibilivy
of economic or, indeed, any removal of forest produce from certain
areas. Ouch areas include tree-populeted swamps and immense areas of
steep country where the protective value of the forest is to be con-
sidered. At present in Papua - New Guinea, no exploitation is consid-
ered on those areas having a ruling slope of 30° or greater.

The most efficient method of delineating commercial forest is by
aerial photo-mapping within the frame-work of a national mepping grid.

The recognition on aerial photographs of vegetation cover types

) e



: such as those mentioned is not difficult and has been,widély practised I
(see 1aterlsection). Demearcation ﬁﬂ steep areas is less simple
requi¥ing a considefable field experiénce by the interpreter to match
the exeggerated photo-image of the terfain'with his experience of the
difficulty and dangers of exploitation. '

+ (ii)  The extent of forest areas.

This requirement might have been logically included with (1) ebove
but fo? the fact that the extent of a forest area changes with time -
a chenge wrought by humen interference through cultivation, conversion
to plantation etc.

(13i)  The physical features of the forest area.

Physicel features within a forested area are important from the
point of view of their effects on - :

(a) the biological and economic velue of the forest through

causing change in forest composition.

(b) access by personnel involved in forest inventory procedure.

(¢) access by exploitation equipment.

Topographicel maps of a forest area are essential for plenning of
field-work for the inventory. Similerly, meps indicating the major
environmental sites are a possible guide to forest composition, which
throughout this dissertation is used for size as well as floristic

~ composition. F%nally5 maps exhibiting the various grades of access
case are essential to the planning of a utilization enterprise.

The sbove requirements are most econofiically met by mepping from
aerisl photographs. This assumes thatl satisfactory maps are not
available and that the forest service is in a position ‘to produce meps
of the required specification.

Aerial mapping fechniques will not be discussed here, but, in a
later section, the effect of the precision of nap-derived area estimates |

on expressions’of the total quantity of forest produce will be considered.

Ak S v e

2.2 Biological and Economic data requirements of Inventory
As already steted, the object is to determine a stand-table and

utilizable volume in areas of similarity of occurrence. The method ;

employed is one of determination of areas of similarity and sampling
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within such areas. = -

; The impracticability of performing a complete invaﬁto:y over large
areas of tropical forest - frequently unexplored, unmepped end almost
impossible of access - is obvious. It is surprising, therefore, that
complete inventory has been reported in Cambodia (Allouard 1944) and in
Sarawak (Brunig 1963) bY’Loetscﬁrand Haller (1964).

The speed and reduced cost of sampling as an alternative to total
inventory ere its most obvious advantages. Cochran (1964) contributes
two others of possibly greater significance -

(1) Greater scope - sempling permits use of highly trained

personnel and specialized equipment - generally limited in

availability - for the reason that sampling is done at greater
speed.

(ii) Gfeater accuracy - ic assured by the use of better quali-

fied personnel. Additionally, supervision is easier.

Sampling in tropical forests for inventory purposes remains a
difficult task. The characteristics of such forests ere generally
unfavourable to sampling from the statistical point of view. The
inventory must adopt a sampling procedure best suited to the individual
forest concerned. This necessity is brought about by:-

(a) the distribution of the merchantable content within the forest
area. Dipterocarp forest 1is generally "patchy" in distribution (Loetsch
and Haller 1964). The bulk of lowlend tropical forest has been described
by Richards (1952) as a "mixed agsociation", From the point of view of
sampling, the level of utilization will determine the distribution of

the commercial content of this forest, In Africa, this may involve as

few 88 one or two trees per 50 hectare (Francis 1957). In certain

g ————

operations known to the writer in Papua - New Guinea, up to 15 merchant-
able trees (over 5 feet girth) per &cre have been removed (see photo).
The distribution of the commercial content within the forest erea 1is

thues determined by the definition of what 1is commercial in terms of

species and sizes and by the spatiel distribution of these trees. Both
factors have a considerable opportunity for variation dependent on

locality as it affects utilization and the physiological requirements
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of the species in%éived.

(b) the coﬁﬂidarable'variation.in ease of access to tropical
(forest areas. In Uganda, access to many points sbout the periphery of
the patches of high forest is possible by 4-wheel drive vehicle., In l
Borneo, navigable streams afford similar ease of access. In Papu;1-
1ﬁew Guinea access is primarily by walking - frequently establishing
the route by cutting. The wideépread use of small high-powered heli-
copters using village clearings and dry stream beds as landing f%E?S
has considerably reduced access time, however. :
2e2+1 The objectives of sampling.

Cochran (1964) states the necessity for "a lucid statement of.the
objectives of the sempling procedure lesi.details of planning result
in lpss of sight of these objectives and decisions are made at variance
to these objectives'.

The objective of sampling as a method of supplying the require-
ments of economic and biologicel data has already been defined. .

Numbers and volumes will be discussed in detail in a later section.
Here, it is necessary to elaborate on the remainder of the definition.

(i) Utilization categories.

These categories are used to divide numbers and volumes into groups
to suit the requirements of utilization of the forest produce.

Species are frequently grouped according to their timber properties.
For example, in Papua - New Guinea, the following utilization categories
are recognised -

Group 1 =~ Highly valued veneer timbers

Group 2A -~ Prime quality coniferous timbers

Group 2B - Other coniferous timbers

Group 3 -~ Timbers suited to decorative use as veneers or as

sawn timber

Group 4A -~ Heavy construction timbers suited to extermal use

Group 4B - Light construction timbers suited to internal

use only
Group 5 =~ - Marginal and non-commercial timbers

Each of the above utilization groups is entered by a knowledge of

i, § 5 (PO
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- the tree name - ‘often = generic name will sﬁffice e.gs Ficus spp.

(

in Group 2 though, frequently, a specific name is required e.g. Pometia

tomentoga in Gp.4A; P.pinnata in Gp. 4B.
These groupings do not suggest that all species within a_ainglé

croup are of equal attraction to utilization or that species u:l.tﬁ:l.n a

' single group are unidentifiable to the trade. The "mixed association”

forest is too diverse in its specific composition to allow such a
grouping. It therefore remains essential that species do not lose their
identity when placed in a utilization group. Gl

However, & species must occur with sufficient regularity in the
sample to retain its identity when placed in a utilization group. In
a sample, the species A, B and C in a single group may occur at the rate
of one or more trees per sampling unit; species D, E and F may occur at
reduced frequency, say one tree to each ten sampling units. In such a
case, the first three species would retain their identity whilst the
renainder would be referred to as "other species" of the same group.

The method of deciding the fréquency of occurrence necessary to ensure
retention of the individuelity of a species will be discussed in a later
sectlion.

Another form of grouping involves division of numbers and volumes
into size categories. lMost frequently, these size categories are based
on girths measured at the base of the log. 4An integrated utilization
enterprise may require girth categories to have limits of one foot.

The standerdsachieved in tropical utilization, however, are generally
satisfied by wide categories such as three feet.

In Papua - New Guinea, girth categories required for the current

standard of utilization are =

51 and 6! )

) + completed unit measure i.e. 5' and 6!
7" and 8! )

) means from 5'0" to 6'11" inclusive.
9! and over )

A more intensive degree of utilization may require a lower girth minimum
- to include, perhaps, the class 3' and 4' or, perhaps, require numbers
and volumes to be expressed in single foot girth classes.

Thus the standard of utilization will determine the girth classes

W W
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to be adopted. Ideally, the girth classes should represent siﬁilhrity

of end-use and of eﬁ&e of handling. .

The i‘ina.l utilization éategory is based on what will be termed the
form" of the trees. .

Certain tropical species exhibit a considerable variation in form
dependent on locality e.g. Pterocarpus indicus. Others are of consis-
tently bad form e.ge Ficus spp. Some are of consistently good form e.ge
emergent Anisoptera polyandra.

Form may be recognised on two bases - quantitative and qualitative.
Quentitative log form is expressed as log grades having an objective
basis in recovery studies. However, their application to standing trees
is not easy end generally beyond the capability of the field staff
employed in tropicel inventory. The alternative 1s the subjective
application of qualitative form classes which are applied to each itree
encountered on each sampling unit according to external appearance. The
- following form-classes were suggested by the writer and have been
adopted in inventory practice in Papua - New Guinea and in the Jengka

project (Malaya):

Class Description
A - a "gun barrel® logs straight in length and

circular in section; no apparent defecti;
_suitable for rotary peeling over the entire
log length.

B - a log suitable for rotary peeling over extracted
lengths; entirely circular in sectioni otherwise
class A but for straightness; no apparent defect:

C - a good saw-log: Treasonably straight and of
reasonable section; no apparent defect)

D - a marginal saw-log on the basis of straightness
and section: no apparent defect:

E - not apparently suited to sawing; possibly useful
for reconstituted wood; no apparent defect:

F - useless; defect apparent; recorded for eco-

botanical purposes only.
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B The ébova form classes are appliad.irrespebtive ﬁfrﬁpeciq@ and
size since these factofa are already'inclﬁdea.in.nther categﬁries.

The 'application of such form claases. :IEB admittedly subjective.
However, they do represent a valuable guide to possible utilization and
are readily taught (see diagram) and speediiy*applied- Aﬂditianallj,
they represent field-collected data which may be modified at a later .
stage in computation :l; the subjective application is considered too
variable. Finally, they are superior to no information at all on log
form, ‘

(ii) Silvicultural categories.

As a guide to a more detailed investigation To determine fully the
menagement of an area, resource inventory data may be presented in a
satisfactory form with little additional effort.

The requirement of the silviculturist is a stand table showing the
size distribution of each species in girth classes of one foot interval.
By combining euch individual tables, a total stand table may be derived.

Frequently, smaller size classes than involved in normel inventory
practice are required e.g. girth classes 2' and over. Dealing with
thede classes involves a considerable increase in both numbers of stems
and difficulty of species identification. Such identification is also
of value to eco-botanical studies and generally requires a greater
botanical ability than possessed by field-staff involved in inventory
work. Assisstance from a botanist can thus be of value or at the least,
a specialist member of the team can be involved solely on botanical
collection for identification.

(iii) Areas of similarity of occurrence.

Essential to all purposes of forest resource inventory is the

delineation of areas within which numbers and volumes within the cate-

gories outlined are similar.
A most obvious example of the undesirability of not delineating

such an area is when a particular species occupies a particular site

within the inventory area. Sampling the area will reveal the numbers
and volumes associated with this species. But unless the site it

occupies can be defined, then the numbers and volumes must be regarded

- i




as distributed over the entire inventory area. Such wodld" have serious

consequence for utilization and for panagement.

Such cnnsiderations lead to the céncept of stratification of the

forest area for resource inventory.
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‘The objectives of sampling st&af‘ying the requirements for bio—
logicai and economic .data demand recoghition of more Ithan one popula-
tion which is to be sampled. Loetsch and Haller contend that "the
accurate recognition and distinction of the population®™ or "of the
multitude of popula't:ions, is evidently the first pre-requisite for the
planning and execution of forest inventories”,

In the previous section, the objectives of sampling were summar-
ized and basic definitions given of the categories in which numbers and
volunes were required. In addition, this information is required on an
area-related basis -~ +viz. per acre. There are therefore a multitude
of populations to be recognised - for example:

Number of trees are required:-

- for e:zh major species or group of species within each
utilization category.
. - in each girth class or group of girth classes.
- in each form class.

The populations associated with volume might be similarly listed.
However, there is an added complication in that volume camnnot be estimated
directly except by guesswork.

Volume in tropical forestry refers to a log volume rather than e
tree volume as no.rmally used in temperate forestry or when considering
plantation material. The sense used here is that each tree contains a
single log whose volume is derived from a measurement of horizontal size
(girth or diameter) at a fixed point, vertical size or log~length, and
taper. A later section will be devoted to volume estimation. Here,
let it suffice to say that volume populations can only be estimated
from populations of girth or diameter, log length and taper in all the
categories given above.

The population at which most interest is directed in forest
resource inventory is that of commercial volume per acre. Commercial
volume may be defined as the volume per acre of those trees -

- over a fixed minimum girth (in P./N.G. 5')
- of merchantable species (in P./N.G. Gps.l-4B)
- of acceptable form clase (in P./N.G. Classes A-D)
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In the sense of Freese's (1962) dof.’ni’n;.:ttd.m. of a popniation, -thc
"unit® is m§ acre ang the "value"™ is the cnmorcigl volume., In the
sense of the appendages to the defin:l.t:l.dn of Loetacii anci Haller, the
individuals are of the same kind viz. commercial volume on a consis—
tent unit and, from sampling unit to umit, will dif_fe:r :I.n respect to
one feature = namely quantity - which is the variant,

This population of commercial volume per acre is, of course, a
composite of the populations of volumes of individual Bpecie.s, in
separate size classes in separate form classes. Such a composition
of populations is frequently essential to providing a real meaning to
sample data.

This has been demonstrated by Loetsch and Haller in the following
example - |

- for 18 sampling units, the mean volume of trees over

40 cms., diameter is shown with an eppropriate precision:

Population Mean Vol, (cub.m./ha,) Precision z
Al]l species 110,3 At Bt
Timber Class I 225 ARl by 7Y 4
Timber Class II 12.8 + 40,1
Belinga spp. s 1 + 120,0

In thig example, the precision measure required was * 20, This
has been achieved bs; the stated number of sampling units only in the
cafse of the first two populations. To achieve the required precision
measure for the fourth population would have required an increase in
the number of sampling units from 18 to 645.

For reasons of economy therefore, it is often necessary to group
certain populations with a preater inherent variability into more
universal populations in which the variability is reduced. Basically,
the more individual populations that are aBsorbed into the composite
population, the less will be the variability of this population and
the greater the likelihood of small sampling fractions, as demanded
by economy, meeting the required precision measures.

A compromise is frequently required between the amount of sampling

and the desirability of recognising and obtaining reasonable estimates

g
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for the more variable populations. An estimate of the cmmeréial
volume per acre, t’?. a satisfactory precision level may be meaningless

if utilization or silviculture is directed at a particular species of
a particular form or size class required e.g. by the export market or

as a seed tree. The adv:l.ca_ of Loetsch and Haller to' define the popu-

lations required for meaningful estimation of values cannot be too
strongly emphasized. I
3.1 Stratification.

otratification in tropical forest inventory requireq more than a
division of the units of the population so that the value volume will
be more homogeneous thereby requiring less sampling units to achieve
the required precision.

If, for reasons of economy, the population of commercial volume \
per acre is the only population for which a tolerably precise estimate
is required, then division of the units of the population may be made
to satisfy the above requirement. Such stratification into classes of.
more homogeneous volume content has been long recognised as the most
efficient for sampling processes estimating volume (Spurr 1952,

Bickford 1953, Lawrence 1957).

However, in tropical forest, the purposes of inventory are not
satisfied by such stratification. The variable attraction of species,
sizes and fom classes for utilization or silviculture demand that less
lganeral populations be recognised. Of these three, specific identity
is probably the one worthy of most attention. Utilization and silvi-
culture both require a knowledge of the distribution of attractive
species, An ideal stratification would be one which delineates areas
of similar floristic composition. Sampling efficiency requires, in
addition, a further sub-division based on volume or, indirectly, on
distribution within girth classes. Thus both purposes would be served
if areas of similar stand tables, expressing both floristic and size
composition might be grouped.

Strata must be delineated on a map of the inventory area to satisfy

the purposes of the inventory. Methods involving recognitian but not
delineation of the strata fail to provide information on the physical

2ol e




e Ty L T g SN ) R

N R T e T Ny g R .

L

" distribution of the strata.

For regioﬁa} inventory such as was conducted by Loetsch (1957)
in Northern Thailand, the arguments for non-delineation of forest '
strata are presented as:

(a) Steand (strate) areas are small, intricately mixed and of
irregular shape requiring a large-scale map to allow accurate area
assessments.

(b) Such large scale mapping, in conjunction wi'bh. the difficulties
of interpretation and the necessily for frequent field-checks make
mapping very expensive.

These arguments may be overcome by specification of minimum areas
for which individual strata will be recognised and by the recognition
of fewer strata.

The size of minimum areas will depend on the nature of the inven-
tory. Minimum areas of one thousand acres would probably be acceptable
for a regional inventory covering upwards of one million acres and one
hundred acres would be acceptable for a local inventory of approximately
one hundred thousand acres.

Recognition of fewer strata could only be considered if strata
differed so little from each other that the difference was not evident
in the sample data.

Strata recognition will be more frequent in areas where the natural
or artificial environment is less conducive to the forest acquiring a
stable climax. The locality of such environments must be assumed to be
at random over the total inventory area if strata recognition without
delineation, a sampling process, is to be free from blias. For an
entire region of many millions of acres, this assumption may prove of
little consequence but over smaller areas, the nature of the distri-
bution of anthropogenous influences alone, would make the writer hesk
tant of adopting such a method.

Methods of Stratification.
The ideal stratification has been described as a division and a

3.2

mapping of areas of similsr stand-table composition. To achieve such

a stratification of so heterogeneous a population as the tropical
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rein-forest would require & much more detailed kmowledge of the
forest than is. generally available before a sampling procedure has been
' adopted.

This leads to the question of whether to stratify a forest area
before or after sampling it. ~

The only sampling method suited to identifying and mapping strata
is one of systematic trensect samples. Such a method 1s not necessarily
the most efficient method of estimating f-hle values required from each
strata. Additionally, more sampling units may be required for mapping
the strata than are required for estimating the values to the required
level of precision. 5

For efficiency therefore, it is necessary to stratify the forest
prior to commencement of sampling. Aerial photography provides the
means of approaching the ideal stratification through the interpreter's
ability to recognise species, prepare volume estimates from photo-
measured variables and to recognise differences in the canopy which
is an expression of the floristic and size composition of that part of
the forest of chief interest to utilization.

- 19 -



4.1 Introduction

Pond.ﬂjy the earliest application of aerial photography to the
problem of forest stratification was made in Burme in 1924 (Sisam 1947).
In this operation, some 1,400 sq. miles of mangrove forest was surveyed
by measns of vertical photography for the ;:olp:l.lat:l.on of complete topo-

graphic and vegetation mapping.
Since that time, aerial photography has been ﬁq:‘hd to a greater

or lesser extent by almost every country. However, the bulk of litera~-
Eturo attesting to the successful application of aerial photographs now
comes from North America and to a lesser extent from Eurocpe. In tropical

countries, aerial photography has not had the same intensive use despite
the fact that poor access is a major factor in the choice of aerial
photography rather than other means of mapping topography, vegetation
and forest strata.

The reasons for this are as follows:

(i) In general, tropical countries are less developed techno-
logically and have not had the facilities or finance to experiment in
photographic methods, materials and interpretatiom.

(11) Interpreters of aerial photographs of tropical forests are
presented with an unfamiliar (i.e. vertical) view of the most complex
vegetation on earth. The heterogenelty of species and sizes and the
considerable variation in composition from area to area present the
novice interpreter with an apparently insoluble problem. This is
especially true when he has been schooled in interpretation methods
applicable to temperate regions.

(iii) Interpreters are frequently required to use photography
floun for other-than-forest-interpretation purposes. This results in
abnormally small scale and various standards of presemtation of the
photographic image, seldom the most suitable for forest interpretatiam.
4+2 Espential Characteristice of the Photo-Image.

The methods of stratifying mixed tropical forest fall into two

distinet classes. Strata may be determined -
(1) Directly by identification of tree species or by the
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measurement of forest produce on the aerial photograph.
(11) Indirectly by delineation on the aerial photograph of
areas of similar canopy appearance =~ here to be termed canopy

aspect types which are an expression of the floristic and sisze
composition of the faorest.

The writer does not consider, however, that interpretation or

measurement of forest produce quantities can fulfil the total require-

‘ments of forest imventory. It will be demonstrated that forest inven—

tory is essentially a field-work operatiom. |

Both direct and indirect methods of forest stratification make
use of the same essential characteristics of the photo-image of the
forest canopy. These will now be described:

A, Number (Density)

The attribute of number is of little significance to inventory
unless related to area -~ therefore density. The determination of
numbers of crowns - and therefore trees — on the aerial photograph -
implies an ability to separate individuals. The accuracy of a count
- or the likelihood of ability to identify an individual - is dependent
on the following characteristics (adapted from Avery 1962)

(1) the size and shape of the tree crown

!
|
|
|
i

(1i) the scale and resolution of the photography
(111) the spatial arrangement of the crown
(iv) the amount of tonal contrast between the individual

crown and the surrounding vegetatiom.

Success in accurately counting individual trees on aerial photo-
graphs of the tropical forest has been small. Loetsch and Haller (1964)
report an ability to count only 60-80% of the correct number of emergent
Dipterocarp trees at a scale of 1:15,000 and only 33% of Drycbalanops
spp. in dense stands at a scale of 1329,000. Such under-estimation
contrasts with the results of Paijmeans (1951) working with photography
of a mixed forest at a scale of 1:110,000, He reports that, for reasomms
of being unable to identify individual crowns accurately, the mumber
counted "exceeds the number of trees marked as dominant on the ground
and also exceeds the number of trees with a d.b.h., of 35 em. (14 inches)

v
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a.ng over." The contrast in results indicates an attempt by the latter

author to estimate the numbers of trees whose crowns are grouped so as

to appear inseparable. Such an attempt was made by Swellengrebel (1959)
who ldentified 421 out of a measured 557 trees over 10" d.b.h. using

photography of a scale 1:10,000, This author reports a tendency for
the crowns of three forest types in Briﬁah Guiana to group together
but that detailed study permitted recognition of the individuals with
the degree of success indicated above. |

B. Sisze.

There are two measures of size to be obtained from vertical
aerial photography.

(1) Height. In contrast to interpretation of boreal and temperate
forests, the concepl of total canopy height has little application to
the photo-interpretation of tropical forests, Camopy height is not
measurable in tropical iorests because the ground level adjacent to the
trees is not visible. Breaks in the vegetation cover do permit height
estimation at such a point. However, such breaks are usually at stream-
edges or are the result of limiting conditions for forest growth - where
the canopy level has no real relation to that of the bulk of the forest.

Of more importance thamn totel height is the concept of height
advantage of one canopy over its neighbours. This value can only be
measured in relative terms. More often, the impression of canopy
irregularity or relief which is conferred by height advantage of a few
individual crowns is of greater value. Height advantage also has
important effects on tonal reproduction - an emergent tree tending to
a lighter tone than another tree of the same species in the canopy
(Swellengrebel 1960). Finally, the fact that a tree is emergent over
its nelghbours is important in associating this emergence with those

species kmown to the interpreter to have this habit. The range of
species having such a habit is small compared with the range of species
found in the forest. (See section G below).

(11) Dismeter. The accurate measurement of crown dismeter on
aerial photography implies an ability to separate visually the required

crown from the surrounding canopy. The factors governing identification

-a-
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of an individusl crown listed above are therefore applicable here.

 Assuming that a single tree crown is identifiable from the
" remainder of the canopy, then unbiased maa.aurm'mt will result only

if the entire periphery crown is visible.

Dawkins (1958) has provided 2 classification of crown position
which will serve to indicate those positions for which unbiased

measurement is possible.

Code Description
5 " Emergent. Entirely exposed, free from competition

for light, at least within the 90° inverted come
e in which the crown lies.

4 Upper cenopy. Exposed in entire vertical plan but
in contact with other crowns laterally.

3 Lower canopy. FPartly exposed ana partly shaded
vertically by other crowns.

~ 2 - Upper understorey. Entirely shaded vertically but

with some direct side light.

5 Lower undergtorey. Entirely shaded vertically and
laterally by other crowns.

The diagrem opposite illustrates these definitioms.

Trees whose canopy position can be described by Codes 1 and 2

will not appear on aerial photographs. Canopy position code 3 represents

a tree ﬁoae crown measurendent is liable to a considsrable bias., Canopy
position code 4 represents a tree whose crown diameter may be measured
without bias only if the individual crown may be reliably identified.
For complete safety from bias, only trees represented by canopy position
code 5 should be estimated for crown dimeter.l
C. Shape.
Stereo-scopic viewing of photo-images will convey an

impression of crown shape. Such viewing requires a re-oriemtation of :

normel perception which is horizontal or nearly so. As a character-

istic of a particular species, crown shape has the disadvantage of
changing with time and suffering modification by the enviromment in

i i . il ey il Ml ey il o
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(_ D. Shadow. ;

Interpretation of photography of tropical forest ua;s shadow
in two ways: Firstly, as conveying am impression of depth additional
to that provided by stereofusion: Secondly, in contributing to the
overall photographic texture of smn area of the canopy.

Being the result of the angle of incidence of illumination relative
to the angle of photography and 'Ehe height -aﬂvanta.ge of emergent crowns
over their neighbours, shadow content may be varied to suit the con-
ditions required.

E. Photographic Tome.

"In black and white photographs, distinctions between colour
hues are lost and objects are observed in tones of gray" (Manual of
Photographic Interpretation A.S;P. 1960) ‘.

Such serves as a definition of tome. The walue of tone as an
ldentification characteristic is dependent on the fidelity with which
an object of a. particular characteristic tone can be reproduced, the
consistency of the characteristic tone of the object and the consistency
of recognition of the photographic tone.

Final reproduction of tone as an image characteristic is dependent
on a great number of factors not all of which can be controlled to ensure
fidelity of tonal reproduction of a single image on successive occasions.
The table given opposite was adapted from a paper by Corten (1962) and
demonstrates the multitude of highly variable factors on which tonal
reproduction is dependent.

The consistency of the characteristic tome of a tree crown is
dependent on the physiological state of the leaves whose differential
reflection provides the basis for tonal variation. The majority of
tropical rain forest species are evergreen and so little has been done
to determine any variation in reflectivity with changing physiological
conditions. However, the appearance of a characteristic flush has been
noted in certain species and at least one author (Francis 1957) has
indicated the value of photography at the time of this condition.

The consistency of recognizing a photographic tone has been assisted
by the publication of a tonal scale of ten gradations from black to white
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(bael:m 1949). However, thdse represent a small fraction of the total
tones of gray' (200) uhich' are detected by: The brightness sensitive
nerves or rods in the eye (Heller, Doverspike and Aldrich 1963).

The use of tonal characteristics as a basis for identification of
a tree species has been shown to be dependent on a great number of i
highly variable factors. Spurr (1960) summarizes his appreciation of
the pfoblm thus: %The complexity of factors determining tone are
great enough so that photo-interpretation besed upon direct tonal con-
trasts is highly subject to error.”

Fo Iexture

"Texture in aerial photographs is created by tonal repetitioms
in groups of objects which are too small. to be discerned as individuals,®
(Manual of Photographic Interpretation A.S.P. 1960).

(n large-scale photographs, the texture of individual trees may be
determined by the tomal repetitions of the individual leaves. On small-
scale photographs individual trees can scarcely and certainly not
accurately be identified as such. Tonal repetition and therefore
texture is then produced by the crowns themselves.

Since texture is a composition of tonal elements, any factor
influencing tone and hence tomal contrasts will influence texture.

G. Location and Asgociation

As with identification of tree species in the field, identi-
fication from aerial pimtog'apha can be greatly facilitated by an
understanding of the ecological characteristics of the species. In
general, the characteristics will be more readily recognised and the
interpreter should immediately become aware of the species which tend
to possess that particular habit,

The first habit to consider is a geographic one. What species
are known not to occur in the locality? The second habit is one of
topographic site. What species occupy this particular site (- ridge-top,
river terrace, swamp-margin etc.)? The third habit is one of position
in the canopy. What species are likely to be emergent or to be clearly
~ visible in the canopy? The fourth habit is one of association. What

species are likely to occur in groups or pure stands?.

T
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Species vdentificotion
1959 (Ceylon 1:15,840 Dipterocarpus zeylanicus
.and g |} hispidus
Rilv:’junﬁo Joona :.onﬂe.s‘l'lflurq
Framas 1987 Gh'unnl - Cieba pentandro
Musanga smithii
Cahusac 1957 Uganda - Si+ species
A s
Heinsdtjk 1952 Surinam \: 40,000 Eperwm fulr.cd‘n
Mora excelsa
Groupia qiabra
. Hﬂmenolobmm petraeum
Iaarverslaﬂ 1957 Surinam - Virola surinamensis
1:10,000 Mora excelsa

Suellmﬂrcbc\ 1959 Br Guiana
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Ocoteq rodiae:
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\:+ 50 000 Octomeles sumalrana
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| cont 'd]
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In puvre Stands or as indiwidunis.
Neither of commercial value.
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Pure stands .
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Emcl"gl-ni‘.s :c."w‘\'erisﬁc. Crown shn‘:e r Crawn 1S mMoss - fc*l:‘l‘onn:d
at higher altitudes.
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Source Auvthor Date Localhity Scale
Spurr Chapman 1947 Ceylon i:7.200§ (l
1960 Zohir-vd-Pin 1954 Paokistan 1:20000 D

Species B emarks |

roxylon spp. Used twe filters and two seasons.

rocarpus spp. Characteristic crown.

Anon. -  B.Honduras 1:15840 MEWS ony Characteristic flush.

{ * 1:15,000% \‘ ':;- ‘
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Loetsch 1957 Thailand - Dipterocarpus alatus Lart]e crowns with '\:riahi‘ Ehinﬂ leaves appearing as light-toned

| | photo -imaqes

Tectona ﬁrnndis In flouerina season - Iul-j- Aucjus* onlcl.




Examples of the use of such a sorting technique are many and
are demonstrated in the following section. .

be3e he identification of tree species
by photo-interpretation.

In order‘ to be of value to forest stratification, the identifi-
cation of a tree species from aerial photographs must be reproducable
over a wide area in which the species is likely to occur. Identifi-
cation by virtue of local knowledge of a particular area does apply to
‘m‘t area but has little value if the same species camnot be identified
from photographs of another area.

Those image characteristics, described in the previous section,
which are used to identify species are -

(-;3 height ‘advantage (in conjunction with others)

(ii) crown dismeter ( ™® " . ")

(iii) crown shape

(iv) tonal

(v) texture of the individual crown

(vi) location e;nd association.

Presented in tabular form opposite is a summary of the positive
results »f specles identification available in the literature and from
th? writer's experience.

Gcmpared to temperate forests, tropical forest species identifi-
cation is of a very low order (see Sayn Wittgenstein, Zsilinszky,
Aldrich, Doverspike & Heller). Nor does aerial photo identification
compare favourably with visual aerial reconnaissance by a skilled
botanist. Thus, it must be concluded that failure to compare with the
results from other climates is attributable to the unalterable hetero-
geneity and diversity of the forest itself while failure of photo-
identification to compare with visual reconnaissance identification is
attributable to the inability of the photographic system to reproduce
with adequate fidelity the image of the forest canopy. The remedy for
this is in the procurqe?t of better quality photography.

The contribution of species identification to forest stratificatiom

should be carefully examined before the expensive investigation into
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quality photograsphy is begun.

Identification of groups of trees of a single species and.of

ihat constitutes Bettar

pure stands has considerable sigﬁificance to st;ratificat:l.on since
these groups and stands may constitute a single strata. But as
Richards (1952) has indicated, the bulk of tropical rain-forest is a
"mixed association". The value of species identification in such

forest will depend on how meny species may be identified, the signi-

ficance of a particular species as an indicator of its associates

{and t_he standard of utilization involved.

The present stendard of identification in "mixed" forest is useful
only if those few trees which can be identified happen to be those at
which utilization is directed. In such a case, strata based on the
dﬁﬁggty'of crown of the particular species would meet the requirement.

The writer has found in the literature no single example of the
identification of a single species being used to deduce forest com-
position through an. appreciation c;f its value as an indicator species.
The development of computer programmes to determine mathematically
association betwee;l species may provide valusble information for this
type of study in the future (Boon 1961 and 1962, Poore 1965).

Assuming that better quality photography were available the

- number of identifiable species would need to increase tremendously if

8 forest stratification were to be made on ﬁﬁe basis of the identified
species alone. This is especially true in view of the evolution
towards utilization of a greater number of species.

Finally, the writer believes that too great an emphasis has been
placed on the identification of tree species in the tropical forests.
With the exception of the cited instances involving grouped trees or
pure stands and involving low standards of utilizetion, species
ldentification as a means of stratification would need a greater
lmprovement even with the development of better photographic tech-

niques than seems possible.

4e4 Measurement of Quantities of Forest Produce.
(Ehotomensurational Technigues)

There are three principal methods of assessing quantitative forest
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data from aerial photography. They are:

(1) direct visual comparison of the photo-images wi'th others

- on which the quantities of forest produce have been relia.bly" esti~-

mated by field work.

(i1) compilation of Tree Volume Tables based on the relation-
ship between crown diameter and stem diameter.
(1ii) compilation of Stand Volume Tables based on a relation-

ship between field measured volume and photo-measured independent
variables.

behel Volume estimation by direct Visual Comparison.

An example of this method is available from a report by Swellen-
grebel .(1965) concerning an area in West Irian (formerly ﬁe‘l‘herlands
New Guinaas. In this instance, the object was to determine whether
the cdsta involved in a full inventory in an area of difficult access
could be justified.

Using photographs at a scale of 1:20,000, Swellengrebel claimed
the poaa:l.bili‘Fy of indicating four forest "quality" classes defined by

their total round-timber volumes per hectare viz:
Volume Gategory

0-860 cu.ft./ac. 5
860-1700 * . 4
1700-2550 " " 3

2> 2550 ® " 2

(Category 1 was reserved for Araucaria forest which did not occur)

No indication of tree species was involved. Additionally, it was
claimed that such classification is possible even though the standard
images for which volume had been accurately determined were of forest
areas geographically removed from where the comparison was required.

The author admits having difficulty in defining methods of recog-
nition of the quality classes stating that frequent reference to the
standards was required. Even so, & graduel deterioration in inter-
pretation is admitted particularly when associated with scale and tonal

variation,
These variations resulted in Categories 2 and 3 being combined
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into one claa‘s‘. &\1\bsequmt field assessment over "9 survey lines"
ropreuénj:mg 0.0% of me+Mtd .a.raa designated as beloﬁging to the
combined c_laas_ revealed a iean romd-tiibér volume of 2.825 cu.ft./ac.

- which is compared with a value of 2.550 cu.ft./ac. expected from the
combined classification.

Swellengrebel has not defined the forests involved sufficlently
well to enable the reader to determine if they were of the same flor-
istic composition. However, the results of the single trial described

f are imj:raﬁsj.va despite the subjective nature of the comparison and the
obstacles described by the author.

The method described is, in fact, a comparison of canopy aspects
which reflect both the floristic and the size composition of the

ai forest. The method should therefore be limited to areas of known

floristic similarity. Particularly is this true when merchantable

volume represents only a small proportion of the total wood volume.

In these conditions, one or ﬁore of the commercial species may well
not be represented in the canopy or be of smaller size, without notice~-
ably a.ffect-i;ig the canopy aspect.

Photographically, the method requires a considerable similarity
between images particularly in texture. Texture will be the photo-
image characteristic for the determination of similarity and any of
the factors previously described affec:c.i.ng texture will need to be
equated in the photography. Best results are likely therefore when
the standard images are taken from the same photographic run as those
on which the classification is being made.

One of the greatest difficulties with this method is in drawing
a line of demarcation between two quality classes. Unless associated
with a marked and rapid change in emvironmental conditions, a sudden
change in volume content is unlikely. -While comparison with standard
photo-images at either end of the range of volume content would be
relatively easy, & decision on the exact boundary separating two classes
would be open to a considerable degree of subjective opinion.

It is consi::ie'rod that the method has many disadvantages - chief

of which is an inability to determine if the standard and subject areas
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| have & s:!.milar ﬂ:ﬁs'h:l.c composition., Secondly, separation of cate—
gories- 5;3 highly subjective. Finﬂ.ly, dissimilﬁrity inl canopy aspect
can be mapped_ if not identiﬁed without :lhtroductim of a standard
photo-image which has, in all likelihood, been produced under different
phofographic conditions.

As a method of stratification, the method has claims %o dividing
the area into classes based on volume content alone. Such a division
has been described as only partiale fulfilling the requirement of
. stratification,

" Lekhe2 MAerial Tree Volume Tables.

Aerial tree volume tables are based on an established relation-
ship between crown diameter and stem diameter; the former being meas-
ured on the photograph to provide an estimate of the latter.

This is the inverse of the relationship between crown diameter
and bole diameter first described by Duchaufour in 1903 (Dawkins 1963)
who required:'an estimate of. crown diameter from bole diameter as a
measure of crop density for silvicultural purposes.

A grea;; deal more attention has been given to the basic nature of
the relationship by workers in the field of crop density (Curtin 1964;
Dawkins 1963). Dawkins has examined six possible relationships of the .
regression of crown diameter (dek.) on bole diameter (d.) and concluded
"that the most practical interpretation over the normal renge - - - - -
is a straight line dsk. = a + (b x d.)."

The interpretation has been made that the value of the regression
constant "a" is releted to the tolerance of the species and to silvi-
cultural treatment. Dawkins concluded that negative "a" values are
found in evenaged crops after thinning or in un-evenaged crops when
the criterion of air-photo visibility is applied.

From-an array of data giving d.k. and d. values, it 1s possible
to calculate either the relationship of dek. on d. as the independent
variable or of d. on d.k. dependent on the view=point of the worker.
Once either relationship has been calculated, however, it is not
permissible to calculate the inverse relationship by algebraic menip-

ulation =
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= s8ince the method employed in calculation of th; original
Tegression is based on the assumption of the independent variable
b-eing without error.

Determination of the true relationship ‘be'bveen a regression of
dek. on d. and that of d. on d.k. will improve understanding of the
basic nature of the regressions through adaptation of Dawkins theory.

A linear regression coefficient is calculated from:-

byx = SPxy
SSx

- here byx indicates the coefficient of "y" - the dependent

"variable cn "x" -~ the independent variable; and SPxy denotes

dewviations

the sum of products of the deriwaiions of x; and y; from

—

their 'respective mean values and SSx denotes the sum of
deviations

squares of the deriwedtiens of x4 from its mean value.

Now, where it is required to obtain the relationship from the

apposité view=point, it follows that

bxy = SPxy
SOy
Therefore -

byx x bxy = _ (SPxy)?
SSx . SSy

This latter is also the squa.:re of the co-efficient of correlation

(r) - a frequently used measure of "closeness of fit".
Therefore ~
P wl il oa el

Thus, if presented with a regression of, say d. on d.k. in the
usual linear form and the correlation coefficient is given, it is
Justifiable to calculate the regression co-efficient of the inverse
relationship. Zf‘b should also be noted,that in the event of a perfect
correlation i.e. r =1, then algebraic inversion of a relationship
is valid,/

To d;at;mina fully the inverse relationship, it is also necessary
to have the mean values of the variables since both relationships have

a common point in the mean values of y and x.




Connu-rg.v- INVERTED R!Lll'rlousnws orF d. ON d.k.

AuTHOR RELATIGNSHlP UNIT.S INUERsz RELATmﬂsulp UN:TS
Swé.llc.nqrc.be.l "Wallaba forest '
1Q5q d: 108y + O-LI18 d k. d dk. = 054 + 1-0415 d_

Mixed forest L unmits as
A= 1-Q3y +0-593% d.k. d. k. dk = t-anbd - 0.0co3 before
Mora {orest 5" units
Az 1-101 + 0-135 d.k. ’ dk. = Iruwr d. - 06.080

Macabeo Pentocme contorta o, dx.

1451 d:0-2893 ¢+ O:ou1bBd k. metres dk. = 20-\55d. - 5.535 d dk metres
Howrnjd é DIP*I.FGLQ-PU& SPP‘
1954 d: V1435 +0.357 Ak, d iaches A-K = 23.L'6 + |- Juq 4. d,dk. feet.

AK. fect
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Of the many authors who have used the relationship of d. on d.k.
(the photo-mensurationists), some have appended defails of the deri-
vation of their regressions. From these, it has beel:;. possible to
calculate a statistically sound inverse relationship. (See Table
opposite). Two of the inverted equations have resulted in positive
"a' values and three ‘a:re negative.

The theory proposed by Dawkins in support of his statement that
.photo-mensurationists.generally provide expressions having a negative
"a®<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>