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EXECUTIVE SUMMARY

Inventories covering several broadleaf natural forests in Belize were
performed with ODA Assistance between 1969 and 1981, including Chiquibul,
Columbia River, Maya Mountains, Deep River, Cockscomb Basin, and the
former Belize Estates Company land in the Hillbank-Rio Bravo area. With the
exception of the Chiquibul inventory, these were never written-up in
published form, and results were only available in departmental files as
partially corrected drafts. This report describes procedures for the re-
analysis of these inventories, and their presentation in a common format. It
is an interim report at the mid-point of a six-month consultancy.

Data for Chiquibul, Columbia River, Maya Mountains, and Cockscomb Basin
were re-entered from the original cards. For the Deep River and Hillbank
inventories, the data was only available from archive magnetic tapes from
Oxford University, who performed the original analyses for ODA. Programs
were written for data entry and editing, and for building and maintaining a
species list. These are documented in the report. Standard data files were
created for all data sets except Deep River, which was excluded because of
time constraints. All the data was manually checked and cleaned for errors.

A major computer program, called TSIA (Transect Sampling Inventory
Analysis) was written to re-process the data. This uses stratified random
sampling with variable length transects as its statistical paradigm. Stand
tables were produced for all the inventory areas except Deep River, and are
included in the report, together with documentation and a listing of program
TSIA.

Tree volume equations developed for the original inventories were re-
assessed. The raw tree measurements were re-input, and a new set of
equations computed that provide pooled functions for the various inventory
areas. The data collected was heavily biased towards Chiquibul forest, and
insufficient data was available for reliable local volume equations. Examination
of the old data suggested low precision of measurement, and collection of data
for new equations, based on felled tree mensuration, is recommended.

Procedures were developed for input of data from permanent sample plots, and
the production of plot maps via the SYSTAT package. These are detailed in
a separate Appendix.

Work was commenced on the use of the Arc/Info GIS system, with the help of
the Land Information Centre of the Ministry of Natural Resources. A GIS
workstation was set up in the forest management office, and transect locations
for all the inventories digitized. During the next consultancy phase, this
data will be used in conjunction with vegetation and land system maps now
available on GIS to re-stratify the original inventory transects and provide
more general and broadly applicable estimates of forest cover and condition.

Some recommendations are made for stock survey and 2% inventory work that
should be developed as a component of the forest management system for
broadleaf forests.
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Introduction

Terms of Reference

The consultant's terms of reference (TOR) as given in his contract of
employment are reproduced in Appendix A. In essence the main emphasis is
to spend some six months re-processing data from the various broadleaf forest
inventories carried out with ODA assistance between 1969 and 1981 (see table
1, page 2). This re-analysis is intended to provide several benefits:

] Presentation of results presently scattered in a variety of typescripts
and reports in a common and accessible format.

] Re-stratification by land system or vegetation type, to permit the
possibility of generalizing the data to provides estimates of forest
stocking usable at a national level.

u Provision of a standard computer system for inventory analysis that can
be used for future management inventories.

Scope of the report

The present report covers work undertaken during the first three-month
period, from 22nd September to 15th December 1992. It is mainly concerned
with technical descriptions and documentation of computer programs written
for data analysis during this period, and does not attempt to draw any
conclusions from the inventory re-analysis, whichis only partially completed.

It does however include recommendations for future stock survey and
inventory techniques, based on the statistical parameters derived from a
review of the older inventories.

It also reports on progress in permanent sample plot data entry, and the
integration of Geographical Information Systems (GIS) with the inventory
programs to provide forest management information in map form, and to
estimate the locations of the earlier inventory transects.

Belize Forest Planning and Management Project
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Forest inventories covered

The forest inventories for which data has either been re-entered, or
converted from the Oxford archive format are summarised in relevant technical
respectsin Table 1. This also shows additional data sets in the Oxford format
that could potentially be converted and processed through the systems
described in this report. Much of the work in recovering this data is due to
J.R. Palmer, who located and re-organized the scattered inventory cards.
The Oxford Forestry Institute was also co-operativein retrieving old magnetic
tapes and downloading inventory files onto diskettes which were made
available to the present author in March 1992 by H.L. Wright. Maps and
original write-ups of the inventories, together with a good deal of other
relevant reference material, were provided by the Forest Management
Specialist (FMS) to the Project, N.M. Bird.

Table 1 : Broadleaf forest inventory data available on computer
Forest Year of Current status of data | Summary description of sampling design
inventory
Chiquibul main 1969 Re-entered from cards, | Block size: 8 km square
series transects cleaned, and converted | Transect width: 20 m, 40 m for Mahog-
into new format any, Cedar, Rllspice. Record units 50
n long, diameters above 40 cm recorded,
(10 cm for primaries), subsamples every
fifth record unit with all trees to 20
cn recorded.
Chiquibul check 1970 Re-entered from cards .| As above, but only some record units on
plots a few transects re-measured. Used as a
quality control check.
Chiquibul moun- 1972 As above, but data 5-km square blocks, otherwise as above.
tain series cards for several
blocks not located.
Columbia 1975/76 As above. Data also 5-km square blocks, Allspice not
River/Maya Moun- available in Oxford included as a 'primary' species, all
tains format, but not so far | species recorded down to 40 cm, down to
used. 20 cm on subsamples for most species,
10 cm minimum for Mahogany and Cedar.
Cockscomb 1977 Re-entered from cards, | 4 x 5 km blocks, each with 2 transects
also available in of 4 km. Otherwise as for Columbia
Oxford format River above.
Belize Estates 1971/74 Converted from Oxford Variable sized blocks and transects,
(Hillbank) format subsampling every 10th record unit,
record unit IDs lost in Oxford data.
Deep River 1981 Available in Oxford 2-km square blocks, transects and samp-
format, not yet con- ling as for Columbia River, except Mah-
verted. ogany sampled to 20 cm on main sample.

Belize Forest Planning and Management Project
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2.1

Although all the inventories are similar, based on two random transects within
blocks which cover the whole forest area, there are numerous variations which
have greatly complicated the task of writing analytical programs. Each
inventory has slight differences in sampling procedure, including the minimum
diameter measured, species considered to be primary (usually Mahogany and
Cedar, but sometimes including Allspice), frequency of subsampling and
intensity. In many cases there are significant variations in transect length,
with even block size being variable on the Hillbank inventory.

The original data cards used variable and confusing notation to record
regeneration, and it was decided not to include this data in the re-processing
exercise. It may in future be potentially of interest for comparison with
results of new inventories, but amounts to little more than presence-absence
data for a limited set of perhaps twenty identifiable species. Another curious
feature of the field cards was the absence of any notation for defect codes.
Tables of defect percentages are recorded in all the original write-ups;
defect codes are also present in the Oxford data. Where this data was
recorded is a mystery, and defect is necessarily excluded from consideration
in the re-analysis.

Reference diskettes

To accompany this report, a set of reference diskettes has been prepared and
provided to the project Forest management Specialist. These contain all the
data sets, programs, and supplementary files, including this report, in a
compressed format created by the Xtree Gold archival system. Appendix B
gives a list of all the files on these diskettes with a short summary of their
nature.

Data entry and error correction procedures

Entry in original card format

In order to provide an early start to the data entry work, prior to the
biometrics consultant's arrival, a format was designed for entering the data
on the original field cards using DBASE IV. This format allowed all the
various annotations and oddities on the cards to be entered by adopting
character values for all fields. This unfortunately simply delayed and
complicated the task of data cleaning, and introduced another layer of
programming activities into the consultant's overall task. The files created
in this format are listed in Table 2 below.

Belize Forest Planning and Management Project
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Table 2 : Card format data files

File Contents

CHIQUIBU.DBF Chiquibul Main Transects
CHIQCHK.DBF Chiquibul Check Transects
COLUMINV.DBF Columbia/Maya Mountains Transects
COCKSCOM.DBF Cockscomb Transects

These files are very large, comprising mainly empty fields, and have been
placed in an archive diskette, using the XTGOLD package archiving option.
This is diskette #1 in the set of reference diskettes. The archive file is called
CARDFMT.XTG, and contains, in addition to the above files, the dBASE
format files CARDS.* which are required to view these files with the dBASE
EDIT command.

Conversion of. data to prefix format

The card format files were converted to a format called in this report prefix
format for purposes of data cleaning and routine analysis. Each reserve area
was given a 5-letter prefix name. Two files were created for each inventory
area:

(i) Plot files. These contain plot-level information extracted from the
card-format files. The filename comprises the 5-letter prefix together
with the suffix '_P'. The data structure of this file is shown in
Appendix C.1.

(ii) Treefiles. These contain tree species code and diameter, together with
a linking field called PLOT which contains theinventory identity, block
number, transect number and record-unit number compressed as an 8-
digit code. Details are given in Appendix C.2.

The files which resulted from this conversion process are listed below. This
list also includes, for completeness, the HILLB_P and HILLB_T files. These
files were produced by a different route, from the Oxford data sets, as
discussed in section 2.4.2 below. They will be found on reference diskette #2
in the archive file PREFIX.XTG. '

Table 3 : Prefix-format data files

Plot Tree Inventory area

CHIQU_P CHIQU_T Chiquibul Main Series 1969
CHIQM_P CHIQM_T Chigquibul Mountain Series 1971
COLUM_P COLUM_T Columbia River 1975/76
MAYAM_P MAYAM_T Maya Mountains 1975/76
COCKS_P COCKS_T Cockscomb 1978

HILLB_P HILLB_T Hillbank (Belize Estates) 1975

The conversion process, from card to prefix format, was carried out by a
program called DBH_CONV. This can be operated from the dBASE assist
screen by first placing the card format file (eg. CHIQUIBU) in use, then

Belize Forest Planning and Management Project
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2.3

running the DBH_CONV application. This should not be done casually
however, as DBH_CONV will erase the contents of the prefix output file before
starting to run.

DBH_CONV should not be required in future. It is retained purely for
archival and documentation purposes, as all the necessary conversions have
been done. The program undertakes the following processes:

(i) It scans each tree data field in the card-format record and looks up the
species local name in a file called SPECIES.DBF. If it cannot find it, it
also checks a secondary database called SYNONYMS. If thereis still no
match, the operator is invited either to add the name to the SYNONYMS
file as an alternative to another selected name, or to add it to the
SPECIES file with a new and unique species code number. This process
thus dynamically builds both the SPECIES and SYNONYMS databases.

(ii) The species code thus derived is placed in an new record added to the
_T file. The corresponding list of diameters in the card file are decoded
from a character-format list into numeric values, and added to the _T
file, one record per tree, with the species code being replicated for
each record.

(iii) The plot level information, comprising the record unit, transect, and
block identity, are added to the _P file, together with the site codes
from the card-format file. The plotidentity information is synthesised
into a unique code number that is added to each corresponding tree
record.

The conversion processis quite slow, taking 2-3 hours for each data file. The
output files thus obtained can include many types of error resulting either
from syntactic oddities in the card-format files, from mistakes in species
nomenclature, or errors in plot identification. The latter are potentially
serious, as with the one-to-many linkage between the _P and _T files, trees
can be assigned to the wrong plots as a result of errors in identity numbers.
Duplicated numbers will resultin all trees being assigned to the first plot that
occurs in the database file.

The basis of the species list, and some consequences of its dynamic build-up
in this way, are discussed fully in section 3.

Data listing, correction, and editing

A short program called PRT_DAT was developed to list the converted data
files, together with names for species codes. This program can be run from
the dBASE control centre or from the dot prompt. In the latter case type:

DO PRT_DAT

Belire Forest Planning and Management Project
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The program requests the 5-letter file prefix to be listed, and the first and
last transect numbers. The latter are preceded by block numbers to uniquely
identify them. It then proceeds to printout the data. Wide paper continuous
forms are required. The printing process may take 1-2 hours for a full file.

All the data was listed in this way, and checked against the original field
cards for mistakes. An editing program called BIDE (Broadleaf Inventory
Data Editor) was written to conveniently update the prefix format files. This
program provides a browse table® of plot-level information. Records can be
edited directly to amend site information. Function keys allow plot identifica-
tion to be altered; this is a more complex process, as all related tree records
in the _T file must also be updated.

Tree datais accessed by pressing the F1 key from the plot browse table. The
list of trees on the plot is then displayed for editing. The Ctri-End key
reverts to the plot-level table with changes to the tree data saved. The Esc
key reverts without saving edits to the tree data. In the tree table the F1 key
can be used to review previously deleted trees, and if necessary restore
them.

The BIDE program is listed in Appendix D.1. Its complexity illustrates the
difficulty of handling one-to-many relations in dBASE. In other database
packages that the author has used, such as PARADOX or R:BASE, these
operations are trivial and can be handled within the screen form generator,
without any programming being required. Much of the complexity derives
from the need to give a reasonably fast user-response. The SET FILTER TO
function in dBASE provides an obvious approach to one-to-many access, but
it is extremely slow with large files. In BIDE, relevant records are copied to
a database called SCRATCH for editing. This database will be found in the
directory, but it can be deleted at any time. It will be found to contain the
tree records for the last plot edited.

BIDE can also be used to input data directly into the prefix files, without
having to go through the card-format files and data conversion process.
Moving to the end of the plot table, using Ctrl-PgDn, allows a new plot level
record to be entered. The plot ID information is carried forward automati-
cally. Associated tree information is added by pressing the F1 key. After
entry, the plot will be sorted into its proper position

Conversion of Oxford format files

The Belize inventories were originally processed in Oxford, using programs
written by P.G. Adlard, with volume table analysis by H.L. Wright. The
author was provided with copies of the extant data files. These were
accompanied by documentation files describing the sampling design for each
inventory, block areas and transect lengths, species lists and codes, and
volume equations used. Table 4 lists all the Oxford files available. They are
archived on reference diskette #4.

That is, a table produced by the ABASE BROWSE command, giving data in a tabular, spreadsheet-style
format, one line per record.

Belize Forest Planning and Management Project
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These files do not correspond precisely with the dataon theoriginal inventory
cards. Within transects, record unit designations have been lost, and
individual species diameters are replaced by 10-cm diameter class codings.
It should be noted that each inventory uses its own species list and code
numbers, which do not correspond with the codes used in the prefix data files
created under this assignment.

The data for the Hillbank-Rio Bravo inventory of 1975 were converted by the
following procedures:

(i) An intermediate dBASE file was created to correspond to the columns in
the Oxford HILLA1, HILLB1 etc. files. Data from these files was
appended to this database (known as HILLBANK.DBF).

(ii) The species codes in the Oxford data were converted using the dBASE
UPDATE command, and a temporary file called OLDSPP.DBF that
contained the old and new species codes.

(iii) A short program called OXCONV was run to create the prefix files
HILLB_P and HILLB_T, separating tree and plot level information.

The same procedure can be used to convert the other data files. About 2-3
days work are required for each conversion, mostly in checking species code
numbers and compatibility of nomenclature. Itis intended in the next phase
of this consultancy to convert the Deep River file, as that is not available on
cards. Time has not permitted this to be done within the current 3-month
period.

Species list development and updating procedures

Basis of the species list

The species names on the inventory cards were originally entered in text
format, as written on the cards, whilst in the Oxford data sets, each
inventory has its own species list using different code numbers. A priority
for the consultant was therefore to establish the basis for a rational system of
common species coding and nomenclature.

As a starting point, the Oxford list for the Columbia River/Maya Mountains
inventory was used. This appeared to be the longest and most comprehensive
of the several Oxford lists. It was edited from the SHARDWDS.TXT file (see
page 8, Table 4) to produce a fixed-format file with four columns: code
number, local name, botanical name, and utilization group. This file was then
converted into a dBASE file called SPECIES.DBF by creating the structure
shown in Appendix C.3, and appending records from the text file with the
SDF option.

Two other lists were available at that time: That given by Palmer (1989)"?,
and the list produced by Hartshorn et. al. (1984)'?*!. During the data
conversion of the card format to prefix format files (see 2.2.4), new local

Belirxe Forest Planning and Management Project
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Table 4 : List of data files obtained from Oxford University

File Description of contents

T0.BEL Apparently a memorandum covering documents sent to Belize from Oxford. Not
directly useful.

HWDKEY . TXT Description of the data columns in the hardwood inventory files.

SHARDWDS. TXT Documentation for the Columbia/Maya Mountains inventory, including sampling
design, species lists, and volume tables.

SHALEQUT Columbia/Maya Mountains Shale series transects tree data

LIMEQUT1 - " -, Limestore series.

LIMEQUT2 -"-

LIMEQUT3 -"-

RIVER.TXT Deep River documentation: sampling design, sepecies lists, volume functions

RIVEROUT Deep River data file

COCKS.TXT Cockscomb Basin documentation: sampling design, species list, volume functions

COCKOUT1 Cockscomb Basin transect data

COCKOUT2 -

HILLBANK.TXT Hillbank-Rio Bravo (Belize Estates) inventory documentation: Sampling design,
including sizes of all transects and blocks (which were variable), species lists,
and volume tables.

HILLAL Hillbank data, West of Rio Bravo

HILLB1 Hillbank data, East of Rio Bravo

HILLB2 -"-

HILLB3 -

PINEKEY.TXT Description of data file columns for the pine inventories

MACHACA.TXT Sampling design for Machaca pine inventory

MPR.TXT Sampling design. Data file noted as lost.

MPROUT Data for Mountain Pine Ridge inventory update, 1980.

names, not in the Oxford list, were frequently encountered. These were
checked against the Palmer and Hartshorn lists to try and establish an
existing botanical identity. If this could be done, then the alternate local
name was recorded as the synonym for the established local name in the
Oxford list.

Many synonyms arising in this way are simply variant spellings, often of an
obviously erroneous nature. A database file called SYNONYMS.DBF was built
containing all the variant spellings encountered during conversion of all the
card-format files. The structure of this file is given in appendix C.4, and a
listing sorted by the standard local name in Appendix G. A Word Perfect
document called SYNLIST.WPD will be found on reference diskette #3 in the

Belize Forest Planning and Management Project
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3.2

3.2.2

3.3

\DOCS directory which includes the synonyms sorted by code number,
standard name, and variant names.

Cleaning the species list

The species list as constructed needs to be carefully reviewed for three types
of error:

i) Multiple local names for one species. There are many local names which
have been encountered on the field cards for which no botanical name
has been determined. In some cases, these may be unrecognised
variants of existing names. These can to some extent be resolved by a
working group of forest rangers familiar with Belizean species nomen-
clature. Where multiple names exist, the alternates should have the
notation '# see nnn', where nnn is the code number of the species
botanically identified, inserted in the botanical name column of the
database.

(ii) A single name for multiple species. For example, the name Moho applies
to a number of species in different families. The author would suggest
that it would achieve little at this stage to go back to the original data
cards and try to resolve these discrepancies, by, for example, picking
out Red Moho, White Moho, Broadleaf Moho, Narrowleaf Moho, etc.
However, for future work, these distinct variations should be kept
separate and botanical identifications determined.

(iii) Regional variations in species name. The same local name may apply
clearly but distinctly to different species in different regions.

A current checklist of tree species in Belize has been supplied to the project
by B.W. Miller'®’. This is available on reference diskette #3 as the Word
Perfect document TREELIST.WPD, but is not reproduced in this report for
copyright reasons. An index has been added with generic and local names to
facilitate use of this list. It is suggested that the SPECIES.DBF file be
updated to include all botanical names and local names on this list, and that
botanical research is undertaken toidentify all the local names on the SPECIES
file with those on Miller's check list.

Usage of the species list in programs

The species database file SPECIES.DBF is required by all the documented
programs described in this report. Itis generally used to look up the species
code numbers stored on the data files and present the standard local name on
reports or on screen. In order to succeed in this, the programs require also
the associated index files, which are SPECIES.MDX for dBASE programs, and
various temporary .NTX files for Clipper programs. The Clipper indexes are
generated as required and need not be of concern to the user. The dBASE
.MDX file is also normally updated properly, but may under some circum-
stances become corrupted (eg. after power failure). A program called SPIX

Belize Forest Planning and Management Project
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3.4

is provided to regenerate the dBASE IV index files. It also PACKs (ie.
permanently removes) any records in the file marked as deleted.

Correct presentation of results by the programs requires that species codes
are not arbitrarily changed. The procedure for changing a species code is as
follows:

i) Use the REPLACE command with each _T file in turn to amend the
required species number. For example:

USE CHIQU_T ORDER TAG
REPLACE SPP WITH 123 FOR SPP=132

will replace all occurrences of species code 132 with 123 in file CHIQU_T.

(ii) Edit the botanical name field of the species with code 132 with the note
'#see 123'. The species line can be marked for deletion with the Ctri-u
key; it will actually be removed from the file at the next PACK oper-
ation. The following commands achieve this from the dot prompt:

USE SPECIES ORDER TAG SPP
FIND 132

REPLACE SNAME WITH '#see 123'
DELETE

The same result can be achieved interactively via the BROWSE command.

Itis important to note that species code numbers should be added sequential-
ly. Do not add numbers such as 999 or 1075. This is because a component of
the array space in the inventory programs is determined by the highest
species number found; arbitrarily large numbers may cause the programs to
fail for lack of sufficient memory, and may require that significant parts of the
programs are redesigned.

Examining the species codesin the list in Appendix F will show that only codes
of two digits (ie. below 100) have utilization groups assigned; and that the
code for unknown species is 103. This reflects the origins of the list, as
discussed above. Codes below 100 were those species on the Oxford list for
Columbia River/Maya Mountains. These all had utilization codes. Numbers
above 100 were added dynamically as new species were encountered, with
'unknown' being the third such new species, hence the number 103.

Species groups

The species groups used in the original inventories were based on wood
properties, including colour and density into a combined classification. These
have been retained for the presentation of inventory results in this report,
as shown in the tables in Appendix E.

Table 5 below lists the group codes and their meanings. This table corre-
sponds to the contents of the file SPGROUPS.DBF which is used by program
TSIA and will be found on reference diskette #3 in directory \INV.

Belize Forest Planning and Management Project
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However, the inventory program Table 5 : Species group codes
TSIAis indifferent to the meaning of
the species groups, and alternate Group Description
categories can be envisaged: A Primary species
degree of market penetration, bot- B Soft light wood
anical family, ecological category, C Medium soft wood
etc. To set up alternative grouping D Medium hard dark wood
schemes, the following procedure is E Medium hard light wood
adopted: F Hard dark wood
G Hard light wood
('I) The dBASE file SPGROUPS is H Very hard dark wood
edited via the BROWSE com-
mand to include the group
codes and descriptions. It
should be borne in mind that output of stand tables is based on the
alphabetic order of the species group codes, and these should therefore
be chosen to present results in a logical sequence. Up to 4 letters can
be used to identify the groups.
(ii) The SPECIES file is then edited to add the group codes for each species

in the UTIL field. The UTIL field receives its name from its orginal use
to hold utilization codes, but can equally be used for any grouping
factor. To carry out this process efficiently, the UPDATE command
should be used to replace the codes for a list of species. For example,
a database may be created called MARKET, having the fields SPP
(species code) and GROUP. Into this database the species code
numbers and group codes should be entered. MARKET should be
indexed on the SPP field, which must of type N3 for compatibility with
the SPP field in the SPECIES database.

The commands:

SELECT 1

USE MARKET ALIAS MK

INDEX ON SPP TO TAG SPP

SELECT 2

USE SPECIES ORDER TAG SPP

UPDATE ON SPP WITH MK REPLACE UTIL WITH MK->GROUP

will then replace the UTIL field with the value of GROUP in the MARKET
database for each species code that matches.

Belize Forest Planning and Management Project
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Inventory analysis procedures

Statistical basis for analysis

The various inventories listed in Table 1 were all designed on a common
principle, which was proposed by H.C. Dawkins in 1958'*!. The forest area
was covered by a series of square or rectangular blocks, and within each
block, two transects were located at random. The blocks are treated as
strata, within a stratified random design; the transects are the sample plots.

The Belize inventories were complicated by a number of factors however.
Different transects widths were used for different species. Table 6 shows
some of the technical parameters of the inventories. It is derived from a
listing of the file INVCODES.DBF. Appendix C gives the formal field names
corresponding to the columns in this table. Transect widths were 20 m. for
species other than Mahogany and Cedar, and 40 m. for the latter. In the
Hillbank and Chquibul inventories, Allspice was also sampled in the 40 m
transect. Different minimum diameters applied on the various inventories,
and different schemes of sub-sampling. Generally, the transect was divided
into 50 m. long record units, or plots. Every fifth record unit was treated as
a sub-sample. On the Hillbank inventory, however, every tenth record unit
was subsampled. On the subsamples, trees were measured to diameter limits
below the minimum diameters given in the columns in Table 6 for primary and
secondary species.

Table 6 : Inventory parameters defined in INVCODES database

Inv

no.

Card | Prefix | Inventory description Bl. | Tran. | Primary | Tr. Width | Freg | Min Diam

file file Size | Leng. | species | ly 2y | Subs | 1ly

km2 m. o. m. cm

2y

co

RU
In

[= WS & B — N 7S I 6 )

chiquibu
chigmnt
columinv

chigchk

cockscom

chiqu
chign
colum
chigc
mayam
cocks
hillb

Chiquibul Main Series 1969
Chiguibul Mountain Series 1971
Columbia River 1975/76
Chiquibul Check Plots 1969
Maya Mountains 1975/76
Cockscomb Basin 1977
Hillbank-Rio Bravo (BEC) 1975

64
25
25
b4
25
20

8000
5000
5000
8000
5000
4000

Variable

1,2,49
1,2,49
1,2
1,2,49
1,2
1,2
1,2,49

20
20
40
20
40
40
40

20
20
20
20
20
20
20

oy " Y U U O

10

10
10
40
10
40
40
40

40
40
40
40
40
40
40

50
50
50
50
50
50

-1

.3 Overlaid on these formal variations were a number of informal ones.

The

original concept of a random design was partially violated by the fact that
some blocks were rejected as too mountainous or as unstocked. In a well-
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designed inventory, such unsampled areas should be delineated and mapped
before establishing the sampling frame.

The transects, which should have been of equal lengths, were in many cases
short, due to obstacles encountered such as limestone karsts. In the Hillbank
inventory, block size and transect lengths were variable in the design.

An additional factor that needed to be taken into account for the program
design was the fact that the data would be re-stratified by land system or
vegetation type, and thatin doing so, transects would be broken up into units
of highly variable length.

For the development of a standard program to re-analyse all theseinventories,
it was therefore decided to adopt the following general statistical procedures:

(1) The sample design would be treated as a stratified random sample based
on variable-sized transects. Strata would be weighted by stratum area
to derive pooled (forest-level) means and variances.

(ii) From this, it followed that the variance of the within-stratum mean for
a parameter would be calculated as:

var(x) = [(n/Zw).(Zwx?2 - (Zwx)2/Zw)/(n-1)]/n -{egn. 1}
where:

n is the total number of transects within the stratum;

w are the individual parameter lengths (weights);

X is the parameter concerned, such as volume of trees
greater than 10 cm in a given species group.

x is the within-stratum mean of x.

It will be noticed that this formula simplifies to the conventional
expression for variance of a mean if the plot weights are equal, ie. fixed
sized plots are used. It also differs from that suggested in Philip
(1983)"*! or de Vries (1986)'°' for variable-length transect sampl-
ing. They suggest a ratio estimator. The above formula, for a
conventional weighted sample, seems to the present author to be
perfectly adequate and considerably simpler.

(iii) The within-stratum mean is calculated as:
X = Zwx/Zw -{egn. 2}

(iv) The pooled, forest-level mean would be calculated as:

x = Zax/Za -{egn. 3}
where

a is the stratum area

X is the pooled mean

Belize Forest Planning and Management Project
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(v) The variance of the pooled mean is calculated from:

var(x) = £[a2.var(x)]/(Za)2 -{egn. 4}

Design of inventory program TSIA

The main analytical program for forest inventories is called TSIA, an acronym
for Transect Sampling inventory Analysis. It is written in Clipper 5.0, and
is listed in Appendix D. The program comprises some 1100 lines of code,
about 30 text pages. The description of its structure given here is necessar-
ily a brief summary.

Figure 1 shows the main stages of

program execution. The

initialization stage corresponds to Initialization

the routines InvSelect, Openlnvf,

OpenAreaFile, OpenSpf in the pro- -

gram listing, as well as some prelimi- i

naries in the main program at the mp—

start of the listing. These routines data

provide the user with a menu to

select the inventory to be pro- l

cessed, open the corresponding data

files, and open the species file. - Transect
End of iransect takles

When the species file is opened, the
program sets up a series of data l
structures such as those depicted

schematically in Figure 2. These are
referred to n-branched arrays. A
series of routines (zfill, AddArray,

FnArray) will be found near the end l
of the program listing which manipu-
late these structures. Each array
comprises a main array correspon-
ding to the number of species
groups. Within each group is a sub- Figure 1 : Outline flowchart of pro-
array corresponding to each species gram TSIA

in that group, plus one to accumu-

late group totals. Within each of

these, depicted as a rectangle in the figure, is a sub-sub array comprising
the diameter classes and cumulative diameter classes for the output tables.
Two of the groups, however, are not defined at the species level. These are
symbolized in Figure 2 by the horizontal rectangles attached to the main stem
of the tree. These are the diameter class arrays for totals and for unclassified
species (those not assigned to a specified group).

Stratur
tables

End oi siratum >

Forest

End of forest |—® tables
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After initialization, TSIA reads tree data from the prefix_T file. This process
is actually done indirectly, by first selecting the next record unit header in
the _P file, then selecting the linked trees for that record unit. During this
process, TSIA accumulates information on transect length and the number of
record units within it. The transects lengths constitute statistical weights,
as noted in the preceding section. The tree data is accumulated into two
transect level arrays: stu and volu. These are N-branched structures as
described above, which contain, respectively, numbers of trees by diameter
classes, converted to a km2 basis, and volumes by cumulative diameter
classes.

The end of the transect is detected by several alternative mechanisms,
depending on the method of stratification defined from the INVOPT program
(see below). A TransectID variable is constructed from either block number,
or Land System code, or Vegetation Type code, combined with the original
transect number and the inventory number. This ensures uniqueness of
identity even if several inventory data sets are pooled, and the transects
'snipped’' into sections as they cross stratum boundaries. At the end of the
transect, the stu and volu arrays are added, with appropriate weighting for
transect length, to stratum level totals retained in arrays sts and vols. This
addition process is handled by the routine AddArray, which recursively
processes each branch of the array
until it finds nodal array elements to
add. It is also necessary, for vari-
ance and sampling error calculation,
to add sums of squares of the volume St
array volu. This is done into array
volsq.

When the program detects the end of
a stratum, by means of a change in
the internally-constructed variable
StratumID, then end-of-stratum
processsing is initiated. The values
in arrays sts and vols are converted
from totals to means, by application
of equation 2 above. Sums of
squares in volq are converted to
variances using equation 1. These
are then weighted by the stratum
areas and added to the forest level
accumulators stf, volf and volfq. If
stratum summaries are required,
they are printed at this stage. the

routine EndStratum in the program Figure 2 : Schematic representation of
listing carries out these operations. N-branched array

At the end of the data file, the rem-

aining tree data is added to the current transect, the last transect added to
the current stratum, end-of-stratum processing completed, and then end-of-
forest processing initiated. These stages will be seen at the end of the data
input loop in the main program portion of the TSIA listing. The forest
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processing is relatively simple, adjusting the means and variances in the
arrays stf, volf and voifqg for the total area weights using equations 3 and 4,
and then printing results. This is done from routine EndForest.

Instructions for program operation

TSIA is run as a .EXE file from the DOS prompt. The source program in
Appendix D is called TSIA.PRG. This is converted to a .EXE file by the
Clipper compiler. A DOS batch program called CL5.BAT, listed in the text
box opposite, carries out the compilation.

CL5 batch file provided on refer-
To compile TSIA, type: ence diskette #3
CL5 TSIA @echo off
path c:\;c:\dos;c:\c15;c:\cl5\bin
from the DOS prompt. SET INCLUDE=C:\CL5\INCLUDE
SET LIB=C:\CL5\LIB
To execute it, simply type: SET 0BJ=C:\CL5\0BJ
SET PLL=C:\CL5\PLL
TSIA clipper §1
if errorlevel 1 goto lexit
On start up, the program will pres- rtlink file &1
ent a list of forest inventories as a <lexit
menu. This list comprises the con-
tents of the INVCODES database
(see page 12) and can be added to at

any time by editing that database.
An inventory is selected by moving
the highlight with the arrow keys and pressing Enter at the required
selection. Esc will abort the program and return to DOS.

Thereafter, TSIA will proceed with processing of the required inventories.
The program has a number of options which can be set by running the INVOPT
program before running TSIA. These options are saved on disk in the file
INVOPT.MEM, and do not need to be changed between runs unless required.

INVOPT is run in a similar way to TSIA. If the .EXE file is not on disk®, it
is recompiled by typing:

CL5 INVOPT
Thereafter, it is run from the DOS prompt by typing:
INVOPT

The program will load the file INVOPT.MEMif it can be found; otherwise it will
display a series of default options. Starting the program with the switch /D

a
.EXE files have not been saved on the reference disks, and must initially be recreated as described,
but thereafter, the programs do not need to be recompiled.
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will force a reversion to the default options, over-riding any that have been
saved to disk.

The options that the user can set are as follows:

(1)

(i)

(i1i)

(iv)

(v)

(vi)

(vii)

(viii)

Diameter classes: A list of diameter class lower bounds can be entered.
Note that no check is made that the values entered are sensible, and
TSIA may perform in an undefined manner with absurd values. Each
successive class should be greater than the preceding one; the lowest
should be 210, and the highest <200 cm. Not more than 10 classes or
less than 3 should be entered.

Cumulative diameter classes: A list of one to three cumulative diameter
classes can be entered. The program will operate with more than three
classes, but wide paper will be required for the printout. The
cumulative class boundaries should coincide with diameter classes or
results will be difficult to interpret.

Printer set-up codes: These are ASCII values required to set the
printer. Itis recommended that code 15 be entered for most Epson or
IBM proprinter compatible printers to put them into condensed mode
printing. If the printer is not in condensed mode when the tables are
output, they will not print properly.

Stratification method: A value of 1 to 3 should be entered to select
stratification by block, land system or vegetation type. It should be
noted that TSIA has no knowledge of land systems or vegetation types,
and simply uses the code valuesin the LANDSYS or VEGTYP files of the
selected inventory _P file to perform stratification. Whether the results
are sensible or not will depend entirely on how the data has been set

up.

Page length: A value of 58 should be used for American standard (8.5"
x 11") paper. In landscape mode, a value of 43 should be used. Some
lines are used for margins by most sheet feeders, and the actual setting
that works best may depend on the printer. The printer setup codes
can be used to set up 0.125" line spacing, which allows more lines per
page.

Transect summaries: If requested, a set of tables will be printed for
every transect. The output will be voluminous, as each transect will
need 4-6 pages.

Stratum summaries: Summary tables will be produced for every
stratum. This may not be required when stratifying by artifical factors
such as sampling blocks.

File output: If requested, the output tables will be sent to a file with
the prefix name of the inventory, and the extension .PRN, for example
CHIQU.PRN. This is recommended as it greatly speeds up program
execution. The resultant file can be printed from DOS with the PRINT
command, when the output becomes a background operation that does
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not hinder other work. If Nois entered here, output is directed to the
printer on LPT1: and is not saved to file.

Preliminary results for forest inventories

Results have been recalculated for all the for inventories listed in Table 1 with
the exception of Deep River Reserve. Time did not permit the conversion of
the latter data set from the Oxford format. These results represent only one
of many styles of presentation that are possible with TSIA. During the next
phase of consultancy, it is proposed to explore more fully the best ways to
stratify the data and present the species groupings.

Each set of outputs comprises a stand table of trees per km2, and a table of
mean volumes above given size limits. For the tables of mean volumes,
sampling statistics are presented, including the coefficient of variation of the
mean, and the reliable minimum estimates (RME), or lower confidence limits at
the 95% probability level. In some cases the RME is blank, indicating that if
calculated it would give a negative value. This reflects the unsatisfactory
nature of confidence limits based on normal distribution assumptions for small
samples. Where there are less than 30 plots or transects, RME figures are
likely to be underestimates®. For planning purposes mean volumes should
always be used. These represent the most likely and least biased estimate of
stand volume. The RME is a useful indicator where the sample size is greater
than 30, and can then be used to define lower limits for the resource.

The following describes the stratification methods applied to produce the
tables shown:

1) Chiquibul main series: Stratified by sample block.

(ii) Chiquibul mountain series: Data for blocks 1 to 8 were available, and
were stratified by block. One transect from block 11 was ignored.

(iii) Columbia River Forest Reserve: Divided into two strata, Conservation
forest and Production forest. Codes CONSV and PRODN were edited
into the LANDSYS field of the COLUM_P file for the following blocks:

Conservation: Blocks 16, 23, 28, 29
Production: Blocks 21,34, 35,36,37,39

Area weights were set in file COLUM_AL artificially to reflect the
number of blocks in each stratum, with 100 km2 in Conservation, and
150 km2 in Production. TSIA was run with the stratification method set
to 2, ie. by the LANDSYS field.

(iv) Maya Mountains Reserve: Stratified by sample block.

(v) Cockscomb Basin Reserve: Stratified by sample block.

This criterion should ne be applied to plantation inventories. Because ©of the rare nature of
individual species on plots in natural forest, the sample distribution is grossly skewed.
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(vi) Hillbank-Rio Bravo (Belize Estates) inventory: This uses variable sized
blocks. Although TSIA is designed to handle this situation, thereis an
as yet undetermined program bug which made it impossible to run on a
'stratified by block' basis®. The data was therefore treated as two
strata, East and West of Booth River, comprising the following blocks:

East: Blocks 54, 56, 58, 60, 63, 65, 67, 68, 71, 73, 81, 86
West: Blocks 13, 15, 16, 22

The area file HILLB_AL was created with the total area of 2020 km?2
divided on a 16:14 ratio, as suggested in the Oxford documentation file.

For all the print-outs in Appendix E, only the forest summaries are shown.
This is necessary to keep the present report to a reasonable size. No attempt
is made in this report to discuss the significance of these results in forest
management or resource terms. That will form a part of the second phase of
consultancy to be undertaken in 1993.

Tree volume equations

Tree volume equations used on original inventories

The original tree volume equations used on the various inventories were all
developed on a standard basis.
Sample trees along transects were

measured by Relascope to record R ; ‘ :
diameter at breast height (1.3 m) or
above buttress, at the mid-point of e e T B
the bole, and at the point of crown
break. Height of buttresses and the 5 °® ]
crown-break point were recorded. £
These measurements were made on § T I .-~ e ——— ]
the original field cards used to 5]
record other transect data. s 300 ; ]

o
Figure 3 shows the numbers sampled = 200 I
on each inventory (CHIQM : Chiqui-
bul Mountain series, CHIQU : Chig- 100 e = RRRR - R '
uibul Main series, COCK : Cocks-

comb Basin, MAYA : Columbia
River/Maya mountains inventory).
It will be seen that the majority of Inventory area
the sample was from the rather
atypical, hurricane-damaged areas

CHQM CHIQU COCK MAYA

Figure 3 : Numbers of volume sample
trees

o .
It is probable that after reading the block size from the file HILLB_BZ, TSIA finds itself
unexpectedly in the wrong work area, and locks into an endless loop trying to locate records from another
file. This problem will be corrected on the next visit.
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atypical, hurricane-damaged areas of Chiquibul Forest Reserve during the
1969-1971 inventories.

The volume equations derived from these data were available both in the
original write-ups of the inventory (eg. Johnson & Chaffey, 1973)!"?, and
in the documentation to the data sets provided by Oxford University. There
were two forms of equation used:

log(V) =a + b. log(D) -{eqn. 5}
and
log(V) =a + b. log(D) + ¢c.D -{egn. 6}

where a,b,and c are coefficients fitted by regression analysis, V is bole
volume, and D is tree diameter (d.b.h. or above buttress).

It would have:- been possible to use these equations directly for the re-
analysis, but the author was concerned about their precision, and the
complexity of applying different equations to each data set. It was desired to
examine both the statistical features of the raw observations, and to produce
a set of common equations for all reserves.

Data entry methods

The volume data was entered via a simple screen format program called
VOLTREE into a database of the same name. VOLTREE is run from the dBASE
dot prompt by typing DO VOLTREE. It brings up a simple screen, one form
per sample tree, that corresponds to the entries on the field data cards. The
structure of the data file is given in Appendix C.9. The program uses a
screen form in the file VOLTREE.FMT.

Tree volume calculation

Given that each tree has three observations, being two end points of the bole

- (above buttress or at dbh, and that at crown-break), and at the mid-point,

Newton's formula appeared appropriate. This calculates the volume as the
integral of a rotated quadratic section, using the formula:

V = m.(dy2 + 4.d,2 + d.2)/24 -{egn. 7}

where:

<

is bole volume,

is lower diameter, d.b.h or diameter above buttress,
is mid-diameter,

is top diameter, or diameter at the crown-break point.

a0
B U

"
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The program CALCVOL listed in Appendix D operates on the VOLTREE
database of tree measurements to carry out these calculations for each tree.
It produces as output another dBASE file called COMVOL, whose structure is
shown in Appendix C. Itcontains the bole volume, dbh, crown-break height,
and codes for species and forest reserve. This file was designed to be input
into SYSTAT for analysis. CALCVOL is run from the dBASE dot prompt by
typing DO CALCVOL.

Revised volume equations

The data was analysed to produce coefficients for the logarithmic volume
equation (equation 5 above), but without distinction between reserves, and
with a general model for the pooled data that could be used for those species
which had not been individually sampled to an adequate level. The
COMVOL.DBF file was manually edited within dBASE to replace the species
abbreviation by 'Other' for all species with less than 10 observations.

The file was then imported into SYSTAT. The DATA module of SYSTAT was
started from the DOS prompt, and the following sequence of commands given:

FPATH 'D:"
SAVE COMVOL
IMPORT 'D:COMVOL.DBF' / TYPE=DBASE4

This sequence declares a default directory D:, imports the file, and saves it
as a SYSTAT file called COMVOL.SYS. The D: directory is a pseudo-drive
created from DOS with the SUBST command, and should be the directory
containing the COMVOL.DBF files.

Next a number of additional variables were created in the file, for regression
and graphical analysis. The appropriate commands were:

USE COMVOL

LET FV=0.00007854%DBH"2%HTOP
LET FF=VOL/FV

LET FH=VOL/0.00007854~2%HTOP
LET LOGVOL=LOG(VOL)

LET LOGDBH=LOG(DBH)

RUN

SAVE COMVOL

RUN

This creates five additional variables by appropriate transformations, and
then saves them back in COMVOL for future analyses. FV is form volume, or
the volume of a cylinder with the same height as the bole height HTOP, and
the same diameter. The factor 0.00007854 is 0.001 x (n/4) and is appropriate
where diameter is in cm, height in m, and volume in m®*. FF is form factor, or
the ratio of bole volume to form volume. FH is the form height, or the ratio of
bole volume to tree basal area. The variables LOGVOL and LOGDBH were
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created for the linear regression analysis, and are the natural logarithms of
volume and dbh respectively.

The author was interested to examine form height as a possible simplified
model. This is very similar to the logarithmic volume equation, but has only
a single parameter. Equation 5 can also be expressed as:

V =a.D” -{eqn.8}

where a is e®, a being as defined in equation 5, e is the natural constant
2.71828...etc. The values of a are typically around 0.0001, and of b around
2. The form height equation is:

V = H,. 0.00007854 D2 -{eqgn. 9}

Figure 4 shows how similar the two o

functions are in practice. The data I ‘
is for Nargusta (Terminalia amaz- -
onica). The solid line is the fitted i
form height model, based on an av- 15 -
erage form height of 9.876 m, and r
the dashed line is the logarithmic
volume equation, with a=0.00036779
and b= 2.158. After examining this
and other plots, it was decided,
however, that the logarithmic equa-
tion was necessary, because the
form height model shows bias at the
lowest end of the curve. This is [
particularly importantin the present L
case because trees below 40 cm were 0
not sampled. To prepare volume
tables requires therefore a backward Tree diamster (cm)
extrapolation of the function for
smaller trees, and any bias might
have a substantial cumulative effect.

Volume (m3)

Figure 4 : Volume data for Nargusta
with logarithmic (dashed) and form
height (solid) models

The commands used to produce

Figure 4 are shown below as an example of how more complex graphs are
created in SYSTAT. After giving the commands noted in paragraph 5.4.4
above, the user should switch to the SYGRAPH module by typing SYGRAPH,
and then enter the FEDIT command editor with:

FEDIT NARGVOL.CMD

If the files have been retrieved from the reference disks, NARGVOL.CMD may
already exist, and will look something like the following:
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5.4.11

5.4.12

5.4.13

begin

plot vol*dbh / xmin=0,xmax=150,xpip=10,ymin=0,ymax=20,ypip=5,
xlabel="Tree diameter (cm)", ylabel="Volume (m3)"

plot vol=9.876%(0.00007854*diam*dian) ! zmin=0,xmax=150,ymin=0,ymax=20,
scales=0,xlabel=" ", ylabel=" ",axes=0

plot vol=0.00036779%dian"2.158 ! xmin=0,xmax=150,ymin=0, ymax=20,
scales=0,xlabel=" ", ylabel=" ",azes=0, line=10

end

These commands are executed by leaving FEDIT with the F10 key, and then
submitting this command file with the statement:

SUBMIT NARGVOL

Notice that the . CMD extension must be given explicitly for FEDIT but omitted
on the SUBMIT command®. The file generates three graphs. The first plots
the data, and the second and third plot the form height and logarithmic
equations respectively. The BEGIN and END commands bracket these plots
so that they will all fall onto a single scale.

The output can be saved in an HPGL?” file by preceding the SUBMIT command
with the command OUTPUT PLOTTER. The resultant output will be in a file
called PLOTTER.HGL. This can be read into a Word Perfect graphics box as
has been done in this report.

To develop new regression equations, the MGLH module of SYSTAT was used.
A linear model of the form:

log(V) =a+ a, + b.log(D) + b,.log(D) -{egn. 10}

was fitted. In this, a and b are mean coefficient values, and a,, b, are species
effects. MGLH performs a multiple covariance analysis with this model that
generates all the required species coefficients, and also provides an analysis
of variance of the species effects. For the 22 species with more than 10 data
points, there were significant differences between coefficients, as may be
expected. It was not possible in the time available to refine this further by,
for example, performing a cluster analysis on the regression coefficients to
derive a lesser number of equations for species groups, such that within-
group differences were insignificant.

Table 7 below shows the fitted coefficients for each species. It can be seen
that the distribution of the sample does not well reflect commercial usage.
Sapodilla and Breadnut are both heavily sampled, yet both species are
prohibited for logging. Most of the sampling was done in Chiquibul forest
reserve during the 1969/1971 inventories (see Figure 3). It was apparent
from the analysis that the tree measurements were not to a very high
accuracy, as would be expected if using a Relascope for volume table

a
This is one of numerous guirks in SYSTAT that tend to frustrate the user. However it remains a
powerful and flexible statistical package.

b HPGL : Hewlett-Packard Graphics Language - a common standard for graph plotting equipment.
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5.4.14

construction. Many trees showed form factors greater than one, implying that
the upper diameter was larger than the lower diameter, a normally impossible
situation. The scatter of points shown in Figure 4 is greater than would
normally be expected with tree volume data. The R2 for equation 10 was 0.712
with 1320 trees; typically values better than 0.9 would be expected.

It can be concluded that the existing volume equations, although obviously of
some value, need to be refined, and a programme of tree measurements to
collect new data would be desirable. The most suitable way to do this would
be for a two-man mensurational team to work with a logging company such as
Belize Timbers, measuring trees after felling. A number of diameter
measurements along the bole should be taken, at intervals of not more than 2
m apart. Tree dbh should be recorded before felling. Measurements should
record both the length of the logs actually extracted, and the total length of
the bole.

Table 7 : Volume equation coefficients
Code Species name a b No.
1 Mahogany -7.608 2.092 72
2 Cedar -8.330 2.198 48
4 Cotton (Ceiba) -6.725 1.909 10
6 Mapola -9.221 2.404 51
9 Polak (Balsa) -4,117 1.259 10
13 Hogplum -12.636 3.315 55
14 Quamwood -9.978 2.727 10
16 Kaway -2.731 0.909 21
21 Redwood -6.756 1.845 11
22 (Cramantree -7.666 2.142 7
23 Banak -5.604 1.696 19
40 Barba Jolote -8.780 2.313 25
41 Fiddlewood -7.796 2.129 25
45 Sillion -8.720 2.426 17
46 Santa Maria -8.307 2.295 24
56 White Breadnut -9.450 2.511 86
57 Nargusta -7.908 2.158 127
59 Bitterwood -8.463 2.310 12
60 Male Bullhoof -6.690 1.839 28
73 Sapodilla -8.231 2.233 205
78 Mylady -6.038 1.755 15
79 Ironwood -8.370 2.308 59
81 Faisan -6.333 1.688 27
123 Bay Cedar -4.573 1.260 26
124 Sapotillo -11.597 3.094 17
Others 313
All species -8.095 2.190 1320
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7.1

7.2

7:2.2

Permanent sample plot data entry
A separate paper has been written on permanent sample plot data entry which
was used as the basis of training sessions on this topic. It is included
verbatim as Appendix H on page 135.

Geographical databases and post-stratification methods

Digitizing of transect locations

For all theinventories described in this report, maps of varying quality were
available. For the Chiquibulinventories, original LRD maps of 1:50,000 scale
showed the transect locations precisely. For Columbia/Maya Mountains, old
dyeline prints were available, together with some 1:50,000 sheet prepared by
J.R. Palmer showing transects. The latter unfortunately contained some
errors. For the Cockscomb inventory, 1:50,000 maps cut and pasted together
showed the transects. For the Hillbank area, a rather faded and torn dyeline
print was available at 1:100,000.

From these sources, the transect locations were digitized as accurately as
possible, using Arc/Info. The following coverage files have been created and
are stored as Arc/Info export files in the reference diskettes:

Coverage Contents

CHIQU_BL Block outlines, Chiquibul main inventory
CHIQU_TR Chiquibul main series transects
CHIQM_BL Chiquibul Mountain series block outlines

CHIQM_TR =" -, transects
COLUM_BL Columbia/Maya Mountains block outlines
COLUM_TR =" -, transects

COCKS_TR Cockscomb transects
HILLB_TR Hillbank transects

These coverages can be used to produce transect maps for reference
purposes. Constraints on time have prevented these from being prepared for
inclusion in the present report, but in principle, HPGL files output by
Arc/Info can be imported to Word Perfect for documentation purposes.

Further work

During the next phase of this consultancy, these transect coverages will be
combined with the Land Systems maps and the Vegetation Types maps, both
of which are available as Arc/Info coverages, to slice up the transects into
segments and assign them to different strata, comprising major land system
or vegetation type units. From this, and from area estimates for these strata
provided by the GIS, it should be possible to produce more generalized
estimates of forest stocking for the forest reserves.
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Requirements for management inventory systems

Sampling parameters for the Broadleaf inventories

During the early part of the present consultancy, the author developed
programs to analyse how the sampling error changed with different transect
lengths and for species which were more or less common. Earlier conventional
wisdom with regard to tropical forest inventories suggested that large plots
were necessary in order to reduce the variance between plots. The question
is therefore: What is the optimum plot size, and what sampling intensity is
required to give different levels of precision ?
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Figure 5 : Effect of species occurrence on coefficient of variation

Figure 5 shows how the cofficient of variation (CV) changes according to the
occurrence of a species. The CV is defined here as u/o, where u is the mean
number of stems per km2 (N/km2) for a species, and ¢ is the standard
deviation of this for a population of 50x20 m record units. The figures shown
on the graph are ratios, not percentages. A CV of 4, for example, indicates
a standard deviation that is four times the mean. The graph is plotted on
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1.

double logarithmic axes, and shows a close straight-line relation between mean
stocking for a species, and also for the number of stocked plots.

It can be seen that the more common a species is, the less variable itis. This
result can be applied not only to individual species, but to groups. Since a
broader group will have a higher total stocking than a narrowly-defined one,
it follows that lower sampling intensities will be adequate for broad groups,
whereas high intensities are required for individual species.

Figure 6 below shows the results of an analysis in which the data for
successive record units was aggregated to simulate the effects of sampling
with transects of different lengths. As transect length increases, the
coefficient of variation declines, as would be expected. Three species are
compared: Nargusta (TRA), Santa Maria (CLB) and Mahogany (SWM). The
analysis used the data from the Columbia River/Maya Mountains inventory.
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Figure 6 : Effect of transect length on coefficient of variation

The ultimate sampling error varies as a function of 1/Jn of the number of
plots. Analysis does not show any clear optimum in plot size, partly because
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to achieve 20% confidence limits for any given species requires a large sample.
It appears likely that the smaller the plot size, the more efficient the sample,
but with very small plots, access time to the plot becomes high relative to the
costs of demarcation. There are also problems of interpreting scale-
dependent measures such as basal area per hectare on very small plots.
Figure 7 shows that even for the most common species in Columbia River,
Nargusta, a sampling fraction of around 10% would be required to achieve 20%
confidence limits for small areas. This graph is based on 50 m long transects.

The regressions used to draw the above figures are documented in Table 8 for
future reference. They can be used to study further this question of optimal
inventory design, once species groups have been defined in terms that are of
maximum relevance for forest management, and some knowledge of costs of
demarcation and measurement are available.
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8.2

Table 8 : Regressions of inventory sampling error parameters

Regressions for population coefficient of variation (CV) as a function of the stocking of a species
(N) per km? or the number of stocked plots (P). The sample points (see figure 5) are data for
different species. These statistics are based on plots of 50 x 20 m.

Species N/ka? log (CV) = 3.415 - 0.450 log(N)

Stocked plots log (CV) = 4.047 - 0.491 log(P)

Regressions of CV on transect length (L) in metres for three species. Note that for Mahogany

transect width is 40 m, whilst for the other species it is 20 m. This may account for the different
slope in fiqure 6.

Mahogany (SWM) log(CV) = 3.660 - 0.408 log(L)
Santa Maria (CLB) log(CV) = 2.248 - 0.241 log(L)
Narqusta (TRR) log(CV) = 2.164 - 0.283 log(L)

Recommended procedures for management inventories

Time has not permitted the fullest analysis of the implications of the functions
described in the preceding section. It does however appear that to exercise
effective control over operations at the compartmentlevel, 100% stock survey
is necessary. This should include all trees over 40 cm diameter (except
palms), and be conducted on 1 km square units. The area should be sampled
in 20 m wide strips, with record cards assessing 100 m long units. During the
stock survey, trees should have a stock number painted on them. The forest
manager can then assign trees for felling by number, allowing for proper road
alignments, protection of areas adjacent to water courses, and retention of a
suitable coverage of seed trees for valued species.

Stock survey will normally precede logging operations by six months to a
year. For planning at the concession level, a sample inventory is required.
It is probable that a 2% sample, using 100 x 20 m plots randomly located with
1-km grid units will be suitable. This survey will give the forest manager
sufficiently detailed information for five to ten year forward planning,
estimation of allowable cut and required logging capacity and machinery, and
identify areas requiring special treatment for conservation or production.

The detailed procedures for these inventories will be worked out during the
next phase of this consultancy. The concepts concerned have been discussed
with the Forest Management Specialist to a sufficient level to allow some pilot
operations to be commenced during the 1993 dry season.
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8.3.3

The costs of stock survey and 2% inventory should be borne by the timber
license holder. These factors, as well as the legal restriction of felling to
specified areas and trees designated annually by the Forest Department, need
to be written in to all future timber licenses. The Forest Department should
encourage concessionaires either to undertake stock survey and inventory
themselves, or use contractors approved by the Forestry Department.
However, it is reasonable that during the transitional period of the current
project, some component of these costs should be borne as a non-recurrent
training and development cost by the project itself.

Data analysis requirements

Data generated by stock surveys, 2% inventories, and research activities
require a continuing capability by the Forest Department for data analysis.
It is recommended that if possible a Belizean be recruited for this purpose,
but failing that, ODA should seek to include such a position in the project.
The particular skills and qualifications required are:

(i) Preferably a degree in forestry, with a Masters or higher degree in data
processing applications (inventory, mensuration, modelling) in
forestry. Failing this, a degree in any numerate science with strong
emphasis on statistical methods (eg. mathematical statisics), with
background experience in ecology or forestry.

(ii) Good computer programming skills, especially in DBASE.

This person would be responsible for setting up (possibly with the present
consultant's assistance) programs to analyse stock surveys and 2% inven-
tories, including plotting of stock maps and integration of these with GIS
coverages such as forest management maps, and routine processing of stock
survey data. He would also analyse and map the results of 2% inventories.
TSIA provides a useful basis for the latter program. A compartment register
should be set up and maintained, linking stock surveys, 2% inventories, and
returns from felled tree measurements and post-felling inspections.
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Conclusions

The work described in this report has been completed in a period of just under
three months, between 22nd September and 14th December 1992. The data for
five major inventories has been re-entered on the computer, checked for
errors, and processed to produce the tables given in Appendix E of this
report. A computer program was written for this analysis which was able to
handle automatically the numerous variations in sampling technique between
the inventories. A GIS workstation has been set up in the Forest Department,
and map information relating to the inventories digitized. Several ancillary
programs have been written for data entry and editing, species list manipula-
tion, and the early production of preliminary results.

At the same time, the author has undertaken a number of field visits to forest
areas in Belize for orientation purposes, and has assisted other consultant's
and specialists with various matters of experimental design and computer
technique.

The present report represents an interim stage in the author's total input to
the Belize Forest Planning and Management Project. It aims especially to
provide technical documentation and reference material for the work that has
been completed. A second three-month period, scheduled for early May 1993,
will concentrate in the interpretative aspects of the work, on the evolution of
GIS procedures to support forest management planning and the presentation
of inventory results, the design of compartment, timber Tlicense, and
production register databases, and on the design, field procedures, and data
processing methods for proposed stock surveys and managementinventories.
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8.

Appendix A
Terms of Reference : Biometrician

Re-analyze the Belize broadleaf forest inventory data. Define a
standard inventory program and data file structures and document
them. Add site and record unitlevelinformation, including geographi-
cal coordinates, tothe existing data sets using ordiginal field cards and
maps. Prepare aninventory report based on the results of this work.

Assist the Forest Management Specialist (FMS) to explore whether the
existing data sets, augmented if necessary by new measurements, can
be used to estimate forest growth.

Create linkages between the inventory data and map data held in the
GIS. In liaison with the GIS specialist, program ARC/INFO procedures
to produce thematic forest maps. Review site classification and
stratification methods to determine the best approach to producing
general estimates of growing stock.

Review records of volume sampling in broadleaf forest and determine
the most practical and efficient set of general volume functions.
Compile the volume data into an accessible format available for further
mensurational research.

In collaboration with the FMS, undertake a systems analysis of the
requirements for a control system for forest management and planning,
including the design of management inventory, log measurement and
accounting procedures, post logging diagnostic checks (for regener-
ation and damage levels) and linkages to concession management and
billing of forest fees.

In collaboration with the FMS and silviculturist, design field trials for
alternative systems of silviculture, especially uniform and shelterwood
systems. This willinclude detailed experimental design, design of field
procedures and forms, and a description of the analytical procedures
and methods by which the results may be ultimately analysed.

Assist the FMS to establish appropriate methods of sampling forest
dynamics for the development of growth models. Set up data entry
procedures and data base structures, and prepare programs for the
production of plot maps and calculation of tree competition indices.

Provide on-the-job training to a research clerk.

Duration: 159 working days (about 6 months) in two three-month periods, the
first commencing in September 1992 and the second in late April 1993.
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Appendix B : Summary of computer files on reference diskettes

Reference diskette No. 1

This contains the original card format .DBF files shown in Table 2, page 4.
They are packed into a file called INVCARDS.ARC.

Reference diskette No. 2

This contains all the _P and _T prefix files shown in Table 6, page 12 in an
archive called INVDAT.XTG.

Reference diskette No. 3

This contains miscellaneous files in several archive files, as follows:

Archive " Files Description
DOCS.XTG DECREP-A.WPD This report, main text WordPerfect 5.1 format.

DECREP-B.HPD

As above, appendices.

SYNLIST.WPD List of synonyms, Word Perfect 5.1 format

TREELIST.XTG TREELIST.WPD Formatted copy of Bruce Miller's Checklist of Trees of belize,
with index to local and generic names added. WP 5.1 format.

VOL.XTG CALCVOL.PRG See section 5 of report, page 19 ff.

COMVOL . DBF

NARGVOL.CMD

NTREES.CHD

VOLEQN.DBF

VOLTREE.DBF

VOLTREE. FMT

VOLTREE.PRG
SPECIES.XTG FAMILIES.DBF List of family names with provisional codes

Belize Forest Planning and Management Project
Re-Analysis of Broadleaf Inventory Data

GENERA.DBF List of generic names

NEWSPL.PRG (not documented)

SPCHANGE.DBF List of old and new numbers.

SPCHANGE. PRG Used to renumber species after conversion from Oxford formatS
SPECIES.DBF Main species database, as listed in Appendix G.

SPIX.PRG Program to reindex species database.

SPLIST.FRG File used by SPLIST.PRG

SPLIST.FRM ="

SPLIST.PRF -

SPLIST.PRG Program to print species list (see section 3, page 7 ff.)
SPNAMES.DBF Palmer's (1989) species list

SPNAMES.WPD Palmer's species list formatted as WP 5.1 document.
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MISCDBF.XTG COLUM_AL.DBF Columbia Area file for PRODN and CONSV strata (see section 4.4)

HILLB_AL.DBF Hillbank stratum area file for EAST and WEST (see section 4.4)
HILLB_BZ.DBF Hillbank block sizes.
INVCODES.DBF Master file of inventory parameters.
SPECIES.DBF See SPECIES.XTG above - another copy.
SPGROUPS.DBF Species groups codes and full names.
VOLEQN.DBF Volume equation coefficients.
PSPS.XTG Various files documented in Appendix H.
PROGS.XTG BIDE.PRG Programs documented in this report.
DBH_CONV.PRG
INVOPT.PRG
PIX.PRG
PRT_DAT2.PRG (referred to as PRT_DAT in report)
TSIA.PRG

Reference diskette No. 4
Contains the files listed in Table 4, page 8 in an archive called OXDAT.XTG.
Reference diskette No. 5

This contains the following ARC/INFO export files. The extension .EO0O0 is
omitted for clarity.

CHIQU_TR Chiquibul main and mountain series transects

CHIQU_BL - " - sample block outlines

COLUM_TR Columbia and Maya Mountains transects

COLUM_BL - " - block outlines

COCKS_TR Cockscomb Basin transects

COCKS_BL - " - block outlines

HILLB_TR Hillbank transects

FRESV Forest reserve outlines

BEZBORD Belize borders and coastline, low resolution.

INDEX Tic points. Note this is an extension of the LIC INDEX file,

including addiotnal points for Cockscomb and Hillbank areas.

With the exception of disk No. 5, all files can be viewed and de-archived from
Xtree Gold. Insert the diskette and log on to the diskette drive (A: or B:).
Select the archive file, and press Alt-F5 to bring up the archive window. A
help screen is available.
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C.3

c.4

C.5

Appendix C : Database structures

Database structures are given for all files created during the inventory
analysis. The first column is the field number. The second is the dBASE
field name. The third and fourth columns are field type and length, with
number of decimal places in some cases. The fifth column is a description of
the field.

Plots (prefix P)

1 RESV N2 Inventory code number (see INVCODES)
2 BNO N2 Block number

3 TNO N2 Transect number

4 PNO N3 Plot (record unit) number

5 UTM.N N7 UTM Y (North) coordinate

6 UTME N7 UTM X (East) coordinate

7 INVYR N4 Year of inventory (not used)
8 LANDSYS Co Land system code

9 VEGTYP (! Vegetation type code |

10 CF €2 Condition of forest

11 CC C 2 Canopy class

12 UG G2 Undergrowth class

13 §p c2 Slope position

14 SG c2 Slope class

15 AS CZ Aspect class

16 DR €2 Drainage class

Trees (prefix T)

1 PLOT N9 Plot index, constructed as 1000000*RESV+100000%BNO+1000%TNO+PNO
2 SPP N3 Species code number

3 DBH N3 Tree diameter, cm.
Species

1 §pp N3 Species code number

2 LNAME C24 Local name

3 CSNAME C42 Scientific name

4 UTIL o Utilization (or other) group code
Synonyms

1 SppP N3 Species code number

2 SYNONYM C24 Alternate species name

Spgroups

1 GROUP 4 Species group (corresponds to UTIL in SPECIES)
2 GNRME €25 Species group name
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C.6

C.7

Volegn

1 Spp
2
3

oo I
= - -
[V=JRVe Ry as)

Invcodes

RESV
FRFILE
PREFIX
INVENTORY
BLOCK M2
TRAN_LEN
PYSPP
WIDTH 1Y
9 WIDTH 2Y
10 FREQ SUBP
11 DMIN 1Y
12 DNIN 2Y
13 PLENGTH

o

OO0 =3 OV UV b L) DO
O O DYDY O WO U OO N

e EmEmEmEm OO OO0 >

Stratum areas

. .
oy on

Species code number
A coefficient
B coefficient

Inventory number
Card-format file
Prefix-format file
Inventory title

Block size, km? (zero if variable)

Transect length, m (zero if variable in design)

List of species code numbers for primary species

Transect width for primary species, m.

Transect width for secondary species, m.

Frequency of subsample plots. Eg. 5 means 1 in 5 record units.
Minimum diameter on main plots for primary species

Minimum diameter on main plots for secondary species

Plot (record unit) length, m. Zero if variable.

(prefix AL)

1 SIRATUM  C 6
fields.
2 STARER N6

Voltree

INVNO
BNO
TNO
PNO
Sep
VDIST
DBH
HBASE
HTOP
HTOT
MDIAM
TDIRM
HBUTT

OO ~3J O U i ) DO =

—
_— O O

—
[3%]
E - A -

QT LY OYOT OYOT O OT L LMD NN
o, 8. % & 8 & W
Pd b fh o b ek fd b

—
w

B> W Do

Stratum short code.

Stratum area, km2.

must correspond to entry in LANDSYS or VEGTYP

Inventory code number (see INVCODES)

Block number
Transect number

Plot (record unit) number

Species code number

Distance from tree, m.

Diameter at 1.3 m or above buttress, cm.
Height to base of tree, m.
Height to point of crown break, m.

Total tree height, m.

Diameter at mid-point on stem. cm.
Diameter at crown-break point, ca.

Buttress height, m.
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C.10 Comvol

C.

11

1 INVNO N2 Inventory code number
2 SPP N3 Species code number
3 GENSPP €1
Swietenia macrophylla.
4 DBH N 6.1 Tree diameter, cm.
5 HTOP N 6.1 Height to crown-break point, m.
6 VOL N 7.3 Bole volume, m3.
PSPs

This data structure is described in Appendix H.
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Appendix D : Principle computer programs

The computer programs listed below are included in this appendix. They will
all be found on reference diskette #3 with the file extension .PRG.

Program
BIDE

PIX

SPLIST
VOLTREE
CALCVOL
STANDTAB"
INVOPT"
TSIA®

Description &« = s+ s & 5 & # & & & & 5 & « 5 5 &% & & o = » Page
Editor for broadleaf inventory data in prefix format . . . 40
Re-index and pack prefixdatafiles . ... .. .. .... 45
Print species list in various sortorders . . . . . . . . .. 46
Editor for volume tree datainput . . . .. .. ... ... 48
Calculates tree volumes in COMVOL file . . . . . . . . . . 49
Simple stand tables for selected transects in a file . . . . 50
Establish general options for TSIA program . . . . . . . 57
Main inventory analysis program . . . . . « « ¢ « « ¢ « . . 59

Programs marked * are written in Clipper 5.0; other programs are written in
dBASE 4. INVOPT will runin either system. Clipper is used where program
speed or array handling facilities are of paramount importance. The language
is similar to dBASE and derived from it, butincludes a number of extensions.
dBASE files are freely transferable between the two systems, but the index
files are different. The Clipper programs generate their own indexes, which
will appear in the directory with extension .NTX, as needed. dBASE indexes
have the extension .MDX.
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BIDE : Broadleaf Inventory Data Editor

This program is run from within dBASE by typing DO BIDE at the dot prompt.
It provides a screen editor for the linked plot and tree files in prefix format.

* Broadleaf Inventory for Belize : Editor
* edits PLOT:TREE linked data files via two browse tables
set talk off
set status off
set deleted on
set safety off
set confirm on
set near on
Esc=27
CtrlEnd=Chr(23)
@ 0,0 clear
@ 0,0 say "Broadleaf Inventory Data Editor"
€ 1,0 to 1,79 double
prefix=space(5)
@ 3,0 say "File prefix : " get prefix
read
g 3,0
if lastkey()=Esc
* quit program
set status on
set talk off
return
endif
close databases
select 1
use (prefix+" P") order tag plots alias plots
select 2
use (prefix+" T") order tag plot alias trees
select 3
use c:\belize\species\species order tag spp alias species
define window plot from 3,0 to 20,76 double
define window tree from 5,40 to 22,79
on key label F1 do ExitPedit
on key label F2 do FindPlot
on key label F3 do ChangePlot
on key label F10 do ExitProg
more=.T.
do while more
select 1
@ 24,0 say "F1 show trees F2 find plot F3 change plot ID F10 exit program " color w+/bg
browse nomenu noclear compress window plot fields RESV/R,BNO/R,TNO/R,;
PNO/R,UTM_N,UTM_E, LANDSYS, VEGTYP, CF,CC, UG, SP, SG,AS, DR
if lastkey()<>Esc
do ShowTree
endif
enddo
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set status on
clear typeahead
close databases
set talk on
return

procedure ExitProg

more=.F.

keyboard Chr(Esc)+Chr(Esc)
return

procedure ExitPEdit

* saves the current cursor row and exits from the plot level browse table
* using Ctrl End

public plot_row

plot_row=row()+3

keyboard CtrlEnd

return

procedure ShowTree
* displays trees in a browse box. To speed up the program with large files,
* relevant trees are copied to a scratch file. Changes are copied back
* after Ctrl-End but not Esc.
* disable plot level function key labels
on key label F1 do del toggle
on key label F2 ?? chr(7)
on key label F3 ?2? chr(7)
@ plot_row,0 say ">" color wi*/r
@ 24,0 clear
@ 24,0 say "F1 Show deleted trees" color w+/bg
plotid=RESV*10000000+BN0*100000+TN0*1000+PNO
select trees
set deleted off
seek plotid
if found()
copy to scratch while PLOT=plotid
else
copy structure to scratch
endif
select 4
use scratch alias scratch
count to ndel for deleted()
if reccount()=0 .or. ndel>=reccount()
append blank
endif
delfil=.T.
set filter to .not. deleted()
goto top
browse nomenu compress window tree fields SPP,name=;
lookup(species->LNAME,SPP,species->SPP), DBH
set filter to
if readkey()>256
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% save changes back to original file
goto top
select trees
seek plotid
if found()
scan while PLOT=plotid
if .not. deleted([scratch])
replace SPP with scratch-»>SPP,DBH with scratch->DBH
else
delete
endif
skip 1 in scratch
endscan
endif
% gee if there are any additional records in scratch
do while .not. eof([scratch])
append blank

replace PLOT with-plotid, SPP with scratch->SPP, DBH with scratch->DBH

skip 1 in scratch

enddo
endif
select scratch
use
set deleted on
* re-enable function key labels
select plots
on key label F1 do ExitPedit
on key label F2 do FindPlot
on key label F3 do ChangePlot
return

procedure Del_toggle
* toggles deleted flag on/off during tree editing
activate screen
if .not. delfil
@ 24,0 say "F1 Hide deleted trees" color w+/bg
set filter to
goto top
delfil=.T.
else
@ 24,0 say "F1 Show deleted trees" color w+/bg
set filter to .not. deleted()
goto top
delfil=.F.
endif
activate window tree
return

procedure FindPlot

* position pointer at specified plot (or nearest)
on key label Fl1

on key label F2 27 chr(7)
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on key label F3 22 chr(7)

define window FindWin from 8,25 to 16,55 double
activate window FindWin

select plots

f_resv=RESV

f_bno=BNO

f_tno=TNO

f_pno=PNO

€ 0,0 say "Find plot"

€ 2,0 say "Reserve code : " get f resv
€ 3,0 say "Block no. : " get £ bno

@ 4,0 say "Transect no. : " get f_tno
@ 5,0 say "Plot no. : " get £ pno
read

if lastkey()<>Esc
plotid=f_resv¥10000000+f_bno*100000+f_tno*1000+f_pno
seek plotid

endif

deactivate window FindWin

on key label F1 do ExitPedit

on key label F2 do FindPlot

on key label F3 do ChangePlot

return

procedure ChangePlot

* Change plot ID, and update corresponding PLOT values in tree file
on key label Fl

on key label F2 22 chr(7)

on key label F3 ?? chr(7)

define window ChWin from 8,25 to 13,55 double
activate window ChWin

select plots

¢_resv=RESV

¢_bno=BNO

¢_tno=TNO

¢_pno=PNO

k=14

@ 0,k say "FR BN TN PLT"

@ 1,0 say "New plot ID : ##-f#4-#s-#44 "

@ 1,k get c_resv picture "99"

g 1,k+3 get c_bno picture "99"

g 1,k+6 get c_tno picture "99"

@ 1,k+9 get c_pno picture "999"

* don't process if Esc pressed.

if lastkey()<>Esc
* get old and new ID's
01did=RESV#10000000+BN0*100000+TNO*1000+PNO
newid=c_resv+10000000+c_bno*100000+c_tno*1000+c_pno
* new ID must be unique
seek newid
if found()
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* display error message and wait for a key
@ 3,0 say "New ID not unique" color wt/r
clear typeahead
do while inkey()=0
enddo
else
* change ID fields in plots file
seek oldid
replace RESV with c_resv,BNO with ¢_bno,TNO with c_tno,PNO with c_pno
* find and change PLOT field of corresponding trees
select trees
seek oldid
replace PLOT with newid while PLOT=0ldid
endif

endif

deactivate window ChWin

on key label F1 do ExitPedit

on key label F2 do FindPlot

on key label F3 do ChangePlot

return
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PIX : Re-index prefix inventory data files

This program is run from the dBASE dot prompt by typing DO PIX.

It

requests the name of a file to re-index, and then regenerates the _Pand _T
.MDX files, after first packing each database to remove records marked for
deletion. It is used only when the index file has been deleted or corrupted,
or if the data files have been edited from the Clipper DBU program (which will

not maintain dBASE 4 indexes).

* Plot and tree indexing
set talk off
set safety off
set status on
g 0,0 clear
@ 0,0 say "Re-index plot and tree files"
g 1,0 to 1,79 double
prefix=space(5) .
@ 3,0 say "File prefix : " get prefix
read
¢ 3,0
if lastkey()=27
* quit program
set talk on
return
endif
set talk on
use (prefix+" P")
pack
index on RESV*10000000+BNO*100000+TNO*1000+PNO tag plots
use (prefix+" T")
pack
index on PLOT tag plot
set talk on
return
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D.3

SPLIST : Prints species list sorted in various ways

This program is run from within dBASE 4 by typing DO SPLIST at the dot
prompt. A menu will appear specifying the required sortorder. The printer
should be switched on and ready before running the program. Ifitis not, a
dBASE dialog box will appear; reset the prointer and make sure it is online,
then select the Retry button in this box.

The program provides examples of simple menu construction and wondow
usage in dBASE 4.

* lists SPECIES.DBF file in columnar small character format
set talk off

set status off

define menu spord

clear

use species :

define pad spno of spord prompt "Code number " at 2,0
define pad Iname of spord prompt "Local name" at 3,0
define pad sname of spord prompt "Botanical name" at 4,0
define pad pquit of spord prompt "Exit" at 5,0

define window spord w from 5,30 to 12,50 double

on selection pad spno of spord do setspno

on selection pad Iname of spord do setlname

on selection pad sname of spord do setsname

on selection pad pquit of spord do pquit

activate window spord_w

€ 0,0 say "Species print order"

activate menu spord

deactivate window spord w

use

set talk on

set status on

return

procedure pr_splist

g 2,0 say " Make sure printer " color g+/n

@ 3,0 say " isonand ready " color g+/n
€ 5,0 say "Now printing..." color r+/b
_ploffset=10

_ppitch="elite"

_plength=60

report form splist noeject to printer

g 2,0 clear

return

procedure setspno
set order to tag spp
do pr_splist

return
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procedure setlname

set order to tag lname
do pr_splist

return

procedure setsname

set order to tag sname
do pr_splist

return

procedure pquit
deactivate menu
return
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VOLTREE : Editor for volume tree data input

This program needs to be run only if the SPECIES.MDX index file has become
lost or corrupted. It re-creates it, and also permanently removes deleted
records from the SPECIES database. Itis run from the dBASE dot prompt by
typing DO SPIX.

set talk off Voltree.fat - This file must be available in the
set confirm on same directory for Voltree.prg to work.
set deleted on

close databases 0,21 T0 18,48 DOUBLE
use voltree 1,23 SAY "Volume tree data entry"
select 2 2,22 SAY " L
use species order tag spp alias sp 3,23 SAY "Inventory no. !
select 1 3,43 GET Invno PICTURE "99"
set format to voltree 4,23 SAY "Block no o
goto bottom 4,43 GET Bno PICTURE "99"
set status on 5,23 SAY "Transect no. i
edit nomenu 5,43 GET Tno PICTURE "99"
set format to 6,23 SAY "Plot no. "
close databases 6,43 GET Pno PICTURE "999"
set talk on 7,23 SAY "Species 4
return 7,43 GET Spp PICTURE "999"

8,

23 SAY lookup(sp->lname,spp,sp->spp) func-
"325" color wi/b

0,23 SAY "Viewing distance "
0,43 GET Vdist PICTURE "999.9"
1,23 SAY "Tree DBH "
1,43 GET Dbh PICTURE "999.9"
2,23 SRY "Height to base i
2,43 GET Hbase PICTURE "999.9"
3,23 SAY "Height to top i
3,43 GET Htop PICTURE "999.9"
4,23 SAY "Total height "
4

5

5

b

b

7

7

1

,43 GET Htot PICTURE "999.9"

;23 SAY "Diam Mid-Ht .
,43 GET Mdiam PICTURE "999.9"
,23 SRY "Diam Top-Ht e
,43 GET Tdiam PICTURE "999.9"
,23 SAY "Buttress Ht 4

e
é
e
é
e
¢
é
¢
g
¢
e
¢
g
e
ti
é
e
¢
e
é
e
¢
g
é
e
é
e
g
¢
é
@ 17,43 GET Hbutt PICTURE "999.9"

on
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
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CALCVOL : Calculate tree volumes and produce output file

CALCVOL is run from within dBASE by typing DO CALCVOL at the dot
prompt. It calculates tree volumes for the data in the VOLTREE database,
using Newton's formula, and generates an output file with the format shown
in section C.10, page 38. This is designed to be imported into SYSTAT for

analysis.

% CALCVOL : Calculates tree volumes using Newton's formula from raw
* data file VOLTREE, putting computed values in COMVOL. Also adds
* 3 GenSpp abbreviation for use in SYSTAT.
set talk off
set safety off
clear
@ 0,0 say "Tree Volume Calculation"
€ 1,0 to 1,79 double
select 1
use voltree alias vt
select 2
use comvol alias cv
z7ap
select 3
use species order tag spp alias sp
select 1
¢ 3,0 say "Tree .... of "+str(reccount(),4)
scan
@ 3,5 say recno() picture [9999]
botname=1ookup(sp->SNAME, SPP, sp->SPP)
k=at([ ],botname)
xgenspp=left(botname,3)+" "+left(ltrim(substr(botname,k)),3)
* Newtons formula
xvol=0.00007854%(HTOP-iif (HBUTT=0,HBASE,HBUTT));
*(DBH"2+4*MDIAM"24TDIAK"2)/6
select 2
append blank
replace INVNO with vt->INVNO,SPP with vt->SPP,GENSPP with xgenspp,;
DBH with vt->DBH, HTOP with vt->HTOP, VOL with xvol
select 1
endscan
set talk on
set status on
return
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STANDTAB : Simple stand table program

This program was originally written as a precursor to TSIA. It produces
simple stand tables of stem numbers by diameter classes and cumulative
diameter classes. However, it has the capability of listing explicitly all
species, and of sorting them by frequency, whereas TSIA only lists species
for which a species group code is defined. STANDTAB does not calculate
volumes or sampling errors.

Itis a Clipper program and must be compiled before execution. See the notes
on page 39.

* simple stand table program
* written by Denis Alder, November 1992.
set confirm on
set deleted on
set softseek on
clear
¢ 0,0 say "Stand Table Compilation"
€ 1,0 to 1,79 double
prefix=" 2
@ 3,0 say "Forest reserve prefix " get prefix picture "AAAAR"
read
if lastkey()=27
return
endif
* try to find parameter file
mprefix=prefix+".men"
if file(mprefix)
restore from (prefix) additive
else
* set default values (Columbia/Cockscomb values)
psppl=1
pspp2=2
pspp3=0
p_width=40
p_diam=40
p_subd=10
s_width=20
s_Giam=40
s_subd=20
subfl=1
subf2=5
title="Stand table of Columbia/Maya Mountains "
trin_bl=1
trin_t1=1
trin_b2=99
trin t2=2
rex=,T.
rare=10
endif
* parameter screen
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g 5,0 say "Title" get title

g 7,0 say "Primary species codes " get psppl picture "999"

@ 7,col()+2 get pspp2 picture "999"

€ 7,c0l()+2 get pspp3 picture "999"

¢ 8,0 say "Transect width (m) " get p_width picture "99"
¢ 9,0 say "Min. diam, main sample " get p_diam picture "99"

¢ 10,0 say "Min. diam, sub-sample " get p_subd picture "99"
@ 12,0 say "Secondary species”

@ 13,0 say "Transect width (m) " get s_width picture "99"
g 14,0 say "Min. diam, main sample " get s_diam picture "99"
@ 15,0 say "Min. diam, sub-sample " get s_subd picture "99"
@ 17,0 say "Sub-sample " get subfl picture [9]

@ 17,co0l()+2 say "in" get subf2 picture [9]

g 19,0 say "Include transects from " get trin bl picture [99]
@ 19,col()+1 say "-" get trin tl picture [9]

@ 19,col()+2 say "to" get trin b2 picture [99]

@ 19,col()+1 say "-"-qet trin t2 picture [9]

€ 21,0 say "Reindex data files ? " get rex picture [Y]
@ 22,0 say "Group species rarer than " get rare picture [@R 99/km?]
read
if lastkey()=27
return
endif
save all except prefix to (prefix)
* define diameter classes and stand table array
dc={20,30,40,50,60,70,80,90,100,999}
cde={20,30,40,50}
ndc=len(dc)-1
ncdc=1en(cdc)
msp=400
st=zfill(array(msp+1,ndc+ncdc))
* open data files
plotf=prefix+" P"
treef-prefix+" 1"
use (plotf) alias plots new
use (treef) alias trees new
use species alias species new
if rex
* create new clipper index files
@ 21,40 say "Reindexing..."
select plots
index on RESV#10000000+BN0*100000+TN0*1000+PX0 to (plotf)
select trees
index on PLOT to (treef)
select species
index on SPP to spno
else
* use existing index files
select plots
set index to (plotf)
select trees
set index to (treef)
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select species
set index to spno
endif
% find first record unit to process
select plots
goto top
first ru=pix(RESV,trin_bl,trin t1,0)
last_ru=pix(RESV,trin_bZ,trin_t2,999)
seek first ru
nru=(
* set area weights (based on 50 m long record units)
areawt_pm=10000/(50%p_width)
areawt_sm=10000/(50*s_width)
areawt_ps=areawt_pm*(subf2/subfl)
areawt_ss=areawt_sm*(subf2/subfl)
* scan through plots to accumulate stand table
@ 7,0 clear
@ 7,0 say "Block Transect Total RUs"
do while (thisp:=pix(RESV,BNO,TNO,PN0))<=1ast_ru .and. .not. eof()
€ 7,6 say BNO
@ 7,19 say TNO
€ 7,33 say nru
* get trees for this plot
select trees
seek thisp
do while PLOT=thisp
* ignore undersized trees
if DBH>=dc[1]
* verify species code - if out of range, add to row (msp+l)
j=if(SPP>=1 .and. SPP<=msp, SPP, msp+l)
* check diameter class k and cumulative class kc
for k=1 to ndc
if DBH>=dc[k] .and. DBH<dc[k+1]
exit
endif
next
for ke=ncdc to 1 step -1
if DBH>=cdc[kc]
exit
endif
next
% check if primary or secondary species
py= SPP=psppl .or. SPP=pspp2 .or. SPP=pspp3
* determine area weight factor for this stem
if py
if DBH¢p_diam
* primary subplot
awt=areawt _ps
else
awt=areawt_pm
endif
else
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if DBH¢s_diam
* gecodnary subplot
awt=areawt_ss
else
awt=areawt_sm
endif
endif
* add tree to stand table
st[j][k]+=aut
if DBH>=cdc[1]
for k=ndct+kc to ndc+l step -1
st[j][k]+=aut
next
endif
endif
* get next tree record
skip
enddo
% increment plot counter, get next plot record
select plots
Nru++
skip
enddo
* divide by total number of record units and convert to km?
af=100/nru
for j=1 to msp+l
for k=1 to ndctncdc
st[j](k]*=af
next
next
* create index by frequency in second cumulative class
ix=array(msp+1)
for j=1 to msp+l
ix[j]=]
next
ks=ndc+ncdc
asort(ix,,,{|m,n| st[m][ks]>st[n][ks]})
* generate a sorted table that pools results for species code 103 (unknown)
* species rarer than the threshold value 'rare', and line msp+1 (erroneous
* codes)
* first count the lines greater than 'rare’.
ncom=0
kc=ndc+l
for j=1 to msp
if st[j][kc]>=rare .and. j<>103
ncom++
endif
next
* dimension sorted and compressed array
sst=zfill(array(ncom+2,ndctncdc))
spref=array(ncom+2,2)
* copy array in sorted order. Add rare species to line ncomtl,
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* totals to ncom+2
js=1
nc=ndc+ncdc
und=ncom+1
tot=ncom+2
nspl=nsp+l
for i=1 to msp
j=ix[i]
if st[j]{kc]>=rare .and. j<>103 .and. j<>mspl
spref(js](1]=]
sst[js++]=st[j]
else
for k=1 to nc
sst{und][k]+=st[j][k]
next k
endif
for k=1 to nc
sst{tot][k]+=st[j]1[k]
next k
next
* add species names to the reference array
select species
for j=1 to ncom
seek spref[j][1]
if found()
spref[j][2]=LNAME
else
spref[j][2]="+#*"
endif
next
spref[und][2]="Rare or unknown spp. "
spref{tot][2]="Total (all species) "
* output stand table
set device to print
Imargin=10
tmargin=3
pageno=0
plength=50
pwidth=27+nc*7
do prt_hdr
Ic=1
for j=1 to tot
if lc>plength
@ prow()+2,1lmargin+pwidth-10 say "(over ../..)"
do prt_hdr
lc=1
endif
if j>=und
@ prow()+1,0 say " "
Ict+
endif
do prt_line with spref[j],sst[j]
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lctt
next
@ prow()+1,1margin+0 say replicate("=",pwidth)
gject
return

procedure prt_hdr
* prints a stand table heading
* eject paper if not page zero
if pageno>0
gject
endif
pageno++
¢ 0,0 say chr(15)
@ tmargint0,lmargin+0 say "Stand table for "+title
@ tmargin+0,lmargin+pwidth-8 say "Page "+str(pageno,3)
@ tmargin+2,lmargin+0 say "Sample size : "
@ tmargin+2,pcol() say nru
¢ tmargin+2,pcol()+1 say "plots t
@ tmargin+2,pcol() say nru*50 picture "999,999"
@ tmargin+2,pcol() say " m. transect line"
* general headings
hl=4
h2=h1+1
h3=h2+1
@ tmargin+hl,lmargin+0 say "Spp. Species Local Name "
hdrl=" N/km? by cm diameter classes "
wl=nc*7]
nl=(wl-len(hdrl)-2)/2
hdrlx="<"+repl("-",n1)+hdrl+repl("-",nl1)+">"
@ tmarginthl,pcol() say hdrlx
@ tmarginth?,lmargin+0 say "code !
for k=1 to ndc-1
dhdr=1trim(str(dc[k],3))+"-"+1trim(str(dc[k+1],3))
dhdr=space(7-len(dhdr))+dhdr
@ tmargin+h2,pcol() say dhdr
next
dhdr="2"+1trim(str(dc[ndc],3))
dhdr=space(7-1len(dhdr))+dhdr
@ tmarginth2,pcol() say dhdr
for k=1 to ncdc
dhdr=">"+1trim(str(cdc[k],3))
dhdr=space(7-1en(dhdr))+dhdr
@ tmargin+h2,pcol() say dhdr
next
@ tmarginth3,lmargin+0 say replicate( "-", 25+wl)
return
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procedure prt_line
parameters spid,sn
* prints a line of the stand table. 'spid' is a row from 'spref'.
* 'sn' is a row from 'sst'.
pl=prow()+1
@ pl,lmargin+0 say spid[1] picture "@BZ 9999"
¢ pl,lmargint5 say spid[2] picture replicate("X",20)
for k=1 to nc
g pl,pcol() say sn[k] picture "@Z 9999999"
next k
return

function zfill(a)
* fills a two dimensional array with zeroes
for i=1 to len(a)

for j=1 to len(a[i])

ali][j]=0

next
next
return a

function pix(rn,bn,tn,pn)
* calculates plot index function from reserve, block, transect & plot no's
return (rn*10000000+bn*100000+tn*1000+pn)
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Dt

INVOPT : Set options for program TSIA

This program provides a screen display that allows various options for the
TSIA inventory program to be set. These include diameter class and
cumulative diameter class bounds, printer setup codes and page length, the
stratification method, and whether print-outs are to be produced for transect
and strata; a forest-level print-out will always be produced.

The program is written in Clipper and must be compiled before use. The
present version will also run from the dBASE 4 dot prompt by typing DO
INVOPT, but this compatibility arises by chance and may not be maintained
in future. See the Clipper notes on page 39.

* INVOPT : Sets Broadleaf Inventory Program options
* written in Clipper 5 by Denis Alder, November 1992
parameters options
€ 0,0 clear
g 0,0 say "Broadleaf Inventory Program Options"
21,0 to 1,79 double
* a /D on the DOS command line restores the default parameters
Dopt:= if(empty(options),.F.,upper(options)="/D")
* recall options from disk or use defaults
if file("invopt.mem") .and. .not. Dopt
restore from invopt
else
* default parameters
dctxt=  "10,20,30,40,50,60,70,80,90,100 "
cdctxt=  "10,30,50 '
pr_setup="15 !
rex=.Y.
fstratum=1
PrtEveryTr=.Y.
PrtEverySt=.Y.

PageLen=55

PrtFile= .N.
endif
@ 3,0 say "Diameter class lower bounds, cm " get dctxt
€ 5,0 say "Cumulative diameter classes, cm " get cdctxt
@ 7,0 say "Printer setup codes " get pr_setup
€ 9,0 say "Re-index data files " get rex picture [Y]
€ 9,40 say "Page length (lines) " get Pagelen picture '99'
€ 11,0 say "Stratify on (1) Block no. " get fstratum picture [9] range 1,3
€ 12,0 say " (2) LANDSYS field "
g 13,0 say " (3) VEGTYP field "
@ 11,40 say "Print Transect Tables ? " get PrtEveryTr picture [Y]
€ 13,40 say "Print Stratum Tables ? " get PrtEverySt picture [Y]
@ 15,40 say "Send output to file ? " get PrtFile picture [Y]

€ 21,0 say "Press Ctrl-End to save, Esc to cancel”
read
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if lastkey()=27
€ 23,0 say "Program cancelled by ESC : current settings not changed”
€ 24,0 say " "
return

endif

save all to invopt

@ 23,0 say "Inventory parameters updated on disk"

24,0 say""

return
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D.8

TSIA : Variable-length transect stratified sample inventory

This program produces the stand tables shown in Appendix E on page 86. It
is simple to run once the prerequisite files have been established. Its useis
discussed in the text in section ?, page ?. It is similar to STANDTAB, but
runs to some 30 pages of code as against 7 for the former; the extra
complexity reflects the difficulties associated with species grouping and
calculation of sampling errors.

The program is written in Clipper 5.0. It contains examples of peculiarly
Clipper features such as code blocks, browse objects, and tree structures (n-
branched arrays).

K(kkkkkkkkkkkhrrkhktkihrt TSIA MAIN PROCRAM *rkkkikhkkhkkhkkbkhkkhhhkttik

clear ; =
text ahdard

Belize Forest Planning and Management Project

TSIA : Transect Sampling Inventory Analysis

This program processes inventory data for broadleaved forests based on
a sampling design using variable length transects randomly located
within strata. The strata may be blocks, land system, or other factor.

Qutput comprises stand tables of tree numbers per km? by diameter
classes and species, and volume tables by cumulative diameter and
species. Sampling errors and reliable minimum estimates are given for
volume.

For information on program operation, refer to the user documentation.

Programmed by Denis Alder, November 1992
Written in Clipper 5.0

endtext

* hold text on screen for one minute or a keystroke

delay=inkey(60)

* general program status settings

set confirm on

set deleted on

set softseek on e oniaiveind iee bl
* public variables initialized in subroutines. Assignments here set type. P
public StratumID:="", TransectID:="", ntrs:=0, trls:=0, trlsq:=0

public VarTrlen:=0,PageNo:=0, nru:=0, trlf:=0, ntrf:=0

public ast:=0,astq:=0,nfu:=0,nfs:=0

* set up initial screen display

clear
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€ 0,0 say "TSIA : Transect Sampling Inventory Analysis"
€ 1,0 to 1,79 double
* read standard options defined by INVOPT program
filecheck("invopt.men")
restore from invopt additive
* convert options text to arrays of diameter class values
de=&("{"+dctxt+",999}")
cde=&("{"+cdctxt+"}")
ndc=len(dc)-1
ncdc=1en(cdc)
ndc=ndc+ncdc
% select inventory area to process
frno=invselect()
€ 3,0 clear
€ 3,0 say "Rnalysis of "+INVENTORY
openinvi()
* open species files and create initial accumulator arrays
openspf()
* initialize volume equations
InitVolEqn()
* open stratum area file
OpenAreaFile()
* get printer ready
PrinterSetup()
% initialize arrays for the first stratum, sum and sum of squares of
* stratum weights
select plots
initStratum()
public forestwt:=0
public forestwtg:=0
* initialize arrays for the first transect
initTransect()
* begin scan through sample plots
goto top
do while .not. eof()
* count record units
Nru+
@ 9,17 say nru picture "9999 :"
* get trees for this plot
thisp=pix(RESV,BNO, TNO,PNO)
select trees
seek thisp
* tree loop
nt=0
do while PLOT=thisp
€ 9,24 say nt++
* accumulate data for current tree
addtree()
* get next tree record
skip
enddo
* increment plot counter, get next plot record
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select plots
skip
* test for end of file
if eof()
exit
endif
* test for end of transect
if NewTransect()
* end-of-transect processing
EndTransect()
* re-initialize transect
InitTransect()
endif
if NewStratum()
* end-of-stratum processing
EndStratum()
% re-initialize stratum
InitStratum()
endif
enddo
* end of forest processing
EndTransect()
EndStratum()
EndForest()
@ 24,0 clear
@ 24,0 say "Program TSIA finished OK"
return

#]#%kktkkkR*k% INVENTORY PARAMETER AND SPECIES INPUT FUNCTIONS kikkskitkitisk

procedure invselect
* Puts a browse table on the screen with inventory titles shown
* Returns the record number in INVCODES selected for processing
* check file available
filecheck("invcodes.dbf")
use invcodes alias inv new
index on RESV to invcodes
* gset up simple browse table
invtable=TbrowseDB(5,15, 15,65)
@ 20,15 say "Select inventory using "+chr(24)+" "+chr(25)+" keys" color "bg+/b"
@ 21,15 say "Press "+chr(17)+"J to select, Esc to quit" color "bg+/b"
invtable:headSep="-"
invtable:addColumn(TBcolumnNew("Forest Inventories",{|| INVENTORY}))
ok=.F.
* display table and wait for Up, Down, Enter or Esc keys
do while .not. ok
* stabilize table on display
invtable:stabilize()
k=inkey()
do case
case k=5
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* up arrow key
invtable:up()
case k=24
* down arrow key
invtable:down()
case k=13
* enter key - leave table
0k=.T.
case k=27
* esc key - see if program to be cancelled
esc_key()
endcase
enddo
* record no. of selected inventory in INVCODES file
return recno()

procedure openinvf
* open inventory data files
select inv
goto frno
plotf=PREFIX+" P"
treef=PREFIX+" T"
filecheck(plotf+".dbf")
filecheck(plotf+".dbf")
use (plotf) alias plots new
use (treef) alias trees new
if rex
% create new clipper index files
@ 24,0 say "Creating Clipper index files for plot and tree data ..."
select plots
do case
case fstratum=1
* stratification by blocks
index on RESV*10000000+BNO*100000+TNO*1000+PNO to (plotf+"1")
case fstratum=2
* stratify by LANDSYS field
index on LANDSYS+str(RESV,2)+str(BNO,2)+str(TNO,2) to (plotf+"2")
case fstratum=3
* stratify by VEGTYP field
index on VEGTYP+str(RESV,2)+str(BNO,2)+str(TNO,2) to (plotf+"3")
endcase
select trees
index on PLOT to (treef)
8 24,0 clear
else
* use existing index files
select plots
filecheck(plotf+str(fstratum,1)+" . NTX")
set index to (plotf+str(fstratum,1))
select trees
filecheck(treef+".NTX")
set index to (treef)
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endif
return

procedure OpenAreaFile

* opens file of stratum areas, unless stratification is by blocks

do case

case fstratum=2
AreaFl=inv->PREFIX+" AL"

case fstratum=3
AreaFl=inv->PREFIX+" AV"

otherwise
* blocks - don't try to open file
return

endcase

filecheck(AreaFl+".dbf")

use (AreafFl) alias strata new

index on STRATUM to AreaFl

return )

procedure openspf

* opens the species files, creates and initializes arrays using species
* or species group data or dimensions

filecheck("species.dbf")

filecheck("spagroups.dbf")

use species alias species new

index on UTIL+LNAME to prtorder

use spgroups alias groups new

index on GROUP to spgroup

* check no of species groups

public nspg :=groups->(lastrec())

* allow two more rows: unclassified species, and grand totals

public uncl :=nspg+l

public tot :=nspg+2

* find the highest species code number, and declare the hash table

* ..g is group, ..s is position within group, ..v is vol. egn. lookup
public sppmax :=0

species->(dbeval({|| sppmax:=if(sppmax<SPP,SPP,sppmax)}))

public sphashg :=afill(array(sppmax),0)

public sphashs :=afill(array(sppmax),0)

public sphashv :=afill(array(sppmax),0)

* define main accumulator arrays

* st is the stand table (n/km2 by diameter classes). Suffixes denote:
% ,.u within sample unit (transect) totals, ..s within stratum totals
% _.f grand (forest) totals.

public stu :=array(tot)

public sts :=array(tot)

public stf :=array(tot)

stufuncl] :=afill(array(mdc),0)

stuftot] .= afill(array(mdc),0)

sts{uncl] :=afill(array(mdc),0)

sts[tot] = afill(array(mdc),0)

stf{uncl] :=afill(array(mdc),0)
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stf[tot] := afill(array(mdc),0)
* array spid contains group and species names of each entry in stand table
public spid :=afill(array(tot),{})
spid{uncl]="Unclassified species"
spid[tot]="Total (all species)"
* yolume arrays. These accumulate volume of all trees by cumulative
* size classes. Suffix ..g denotes Ix? accumulator, and ..h denotes
* Iw.x accumulator, where w is transect weight (length or area).
* .., ..s, ..f suffixes are for sample unit, stratum, and forest totals
public volu :=array(tot)
volu[uncl]  :=afill(array(ncdc),0)
volu[tot] :=afill(array(ncdc),0)
public vols :=array(tot)
vols{uncl] :=afill(array(ncdc),0)
vols[tot] :=afill(array(ncdc),0)
public volf :=array(tot)
volf[uncl] :=afill(array(ncdc),0)
volf{tot]  :=afill(array(ncdc),0)
public volsq :=array(tot)
volsquncl] :=afill(array(ncdc),0)
volsg(tot] :=afill(array(ncdc),0)
public volfq :=array(tot)
volfg[uncl] :=afill(array(ncdc),0)
volfg(tot] :=afill(array(ncdc),0)
* find species in each group, create accumulator arrays, and fill
* reference values in species hash tables
select species
* find first non-blank group (. comes after blank and before 2)
seek "."
ng=0
do while .not. eof()
fg=UTIL
ns=0
ng++
if ng>nspg
@ 24,0 say "Error : More species groups in SPECIES than in SPGROUPS"
altd()
quit
endif
do while fg=UTIL
ns++
sphashs[SPP]=ns
sphashg[SPP]=ng
skip
enddo
* allow one extra slot for group totals
nsl=ns+l
* add sub-branches for each species to accumulator arrays
stu[ng] =array(nsl)
sts[ng] =array(nsl)
stf(ng] =array(nsl)
volu[ng] =array(nsl)
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vols[ng] =array(nsl)
volf(ng] =array(nsl)
volsg{ng]=array(nsl)
volfg[ng]=array(nsl)
* add diameter class rows for each species
for i=1 to nsl
stufng]{i]=  afill(array(mdc),0)
sts(ng]{i]=  afill(array(mdc),0)
stf(ng]{i]=  afill(array(mdc),0)
volu{ng][i]= afill(array(ncdc),0)
vols[ng][i]= afill(array(ncdc),0)
volf[ng][i]= afill(array(ncdc),0)
volsg[ng][i]= afill(array(ncdc),0)
volfg[ng](i]= afill(array(ncdc),0)
next
* add species group names
spid[ng] =afill(array(nsl),"")
select groups
seek fg
spid[ng][1]=GNAME
* add species names
select species
sp=1
seek fg
do while fg=UTIL
Sptt
spid[ng][sp]=LNAME
skip
enddo
enddo
* check final number of groups consistent with SPGROUPS list
if ng<nspg
@ 24,0 say "Error : Groups in SPGROUPS are absent from species list"
if inkey(0)=27
esc_key()
endif
endif
return

*
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k)kxkkkxkkkkkkkkhxk TREE-LEVEL STATISTICAL ROUTINES *#kkkkkkkkkkkkkkhkksh

procedure addtree
* adds the current tree line to the 'stu' and 'volu' accumulators
* ignore undersized trees
if DBH>=dc[1]
* screen out odd species codes as 103 (unknown)
if SPP<l
replace SPP with 103
endif
* look species up in hash table
ng=sphashg[SPP]
if ng=0
* not in species list - use 'unclassified' group
ng=uncl
endif
ns=sphashs[SPP]
* find diameter class k
for k=1 to ndc
if DBH>=dc[k] .and. DBH<dc[k+1]
exit
endif
next
* find cumulative class ke
for kec=ncdc to 1 step -1
if DBHy=cdc[ke]
exit
endif
next
* check if primary or secondary species
py=ascan(pysplist,SPP)>0
* determine area weight factor for this stem
if py
if DBH<inv->DHIN 1Y
* primary species on subplot
awt=afsl
else
* primary species on main plot
awt=afpl
endif
else
if DBH<inv->DMIN 2Y
* secondary species on subplot
awt=afs?
else
* secondary species on main plot
awt=afp?
endif
endif
* get tree volume
tvol=volegn(DBH,SPP)*awt
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* add tree to individual species rows (except for unclassified species)
if ng<ouncl
* species rows are offset by 1, row 1 is group totals
nsl=nstl
stu[ng][ns1][k]+=ant
* group total
stu[ng][1][k]+=awt
* add to all cumulative classes below size
if DBH>=cdc[1]
for j=ndctkc to ndctl step -1
stu[ng][nsl][j]+=awt
volu[ng][ns1]{j-ndc]+=tvol
* group totals
stu{ng][1][j]+=awt
volu[ng][1][j-ndc]+=tvol
next
endif
else
* unclassified species - middle dimension not used
stufuncl](k]+=awt
* add to all cumulative classes below size
if DBH>=cdc[1]
for j=ndc+kc to ndctl step -1
stufuncl](j]+=awt
volu[uncl][j-ndc]+=tvol
next
endif
endif
* do totals rows
stutot][k]+=awt
* add to all cumulative classes below size
if DBH>=cdc[1]
for j=ndctkc to ndc+l step -1
stuftot][j]+=awt
volu[tot][j-ndc]+=tvol
next
endif
endif
return

*
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#Jxkkkxkkkxkkhrrkrrk TRANSECT-LEVEL STATISTICAL ROUTINES kkkkkkkkkkkikkkhis

procedure InitTransect
* resets the transect-level accumulators to zeroes
* gset current transect id, based on stratification type
do case
case fstratum=1
TransectID= str(RESV,2)+str(BNO,2)+str(TNO,2)
case fstratum=2
TransectID= LANDSYS+str(RESV,2)+str(BNO,2)+str(TNO,2)
case fstratum=3
TransectID= VEGTYP+str(RESV,2)+str(BNO,2)+str(TNO,2)

endcase
* update display status
€ 7,0 say "Transect : "+TransectID

€ 9,0 say "Record Unit B
* reset transect level accumulators
z£ill(stu)
zfill(volu)
* reset record-unit counter
nru=0
* reset area weight factors (which may vary according to design for
* each RESV number)
inv->(equalsize(RESV))
* if a non-subdivided transect, set variable transect length
if inv->PLENGTH=0
VarTrLen=plots->(TLEN)
endif
return

procedure EqualSize (invno)

* calculates plot (..p) and subplot (..s) weights for primary (..1) and
* secondary species (..2), such that all occurrences of a stem on one

* sample unit are added to accumulators as 1 tree/km?. Called at the

* beginning of each transect to allow different data sets to be run together.
*

* set primary species list

seek invno

public afpl,afp?,afsl,afs2

public pysplist :=&("{"+PYSPP+"}")

afp1=1000000/ (WIDTH_1Y*if (PLENGTH>0,PLENGTH,plots->TLEN))
afp2=1000000/(WIDTH_2Y*if (PLENGTH>0,PLENGTH, plots->TLEN))
afsl=afpl*FREQ SUBP

afs2=afp2*FREQ_SUBP

return

function NewTransect

* Tests if the current record-unit (plot) is the same as that in TransectID.
* Returns .T. if they differ, ie. a new transect has been encountered.

local NewID

do case
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case fstratum=1

NewID= str(RESV,2)+str(BNQ,2)+str(TNO,2)
case fstratum=2

NewID= LANDSYS+str(RESV,2)+str(BNO,2)+str(TNO,2)
case fstratum=3

NewID= VEGTYP+str(RESV,2)+str(BNO,2)+str(TNO,2)
endcase
return NewID <> TransectID

procedure EndTransect
* Does end-of-transect processing. This involves adding the transect
* accumulators to the stratum accumulators. If the 'PrtEveryTr' flag
% is set, also prints out every transect.
@ 9,17 clear to 9,79
@ 9,17 say "*% EQT **"
if inv->PLENGTH>0
* transect length is no. record units x length of each unit
TrLen=nru*inv->PLENGTH
else
* no. record units - use variable transect length set by InitTransect
TrLen=VarTrLen
endif
* transect count
ntrs++
* sum of transect lengths
tris+=TrLen
* convert 'stu' and 'volu' to means
FnArray(stu, {|x| x/nru})
FrArray(volu, {|x| x/nru})
* sum of mean N/km? weighted by transect length
AddArray(sts,stu, {|x| x*TrLen})
* sum of volume m3/km?
AddArray(vols,volu, {|x| x*TrLen})
* sum of squares of volumes
AddArray(volsg,volu, {|x| x*x*TrLen})
* if parameter PrtEveryTr set by INVOPT, then print transect summary
if PrtEveryTr
PrtTransect()
endif
return

*
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K4kkkkkxkkkkkkkkkkkk STRATUM-LEVEL STATISTICAL ROUTINES kkhkkkktkkkkkkkk

procedure InitStratum
* resets the stratum-level accumulators to zeroes
* set current stratum id, based on stratification type
do case
case fstratum=1
* stratification by blocks
StratumiID= str(RESV,2)+str(BNO,2)
* BlockNo used in variable block size processing - see VarBlkSz()
public BlockNo:=RESV*100+BNO
case fstratum=2
* stratify by LANDSYS field
StratumID= LANDSYS
case fstratum=3
* stratify by VEGTYP field
StratumID= VEGTYP
endcase
* update display status
€ 5,0 say "Stratum : "+StratumID
* reset stratum level accumulators
zfill(sts)
zfill(vols)
zfill(volsq)
* reset transect counter and length, length squared totals
ntrs=0
trls=0
trlsg=0
return

procedure NewStratum()
* Tests if the current record-unit (plot) is the same as that in StratumiD.
* Returns .T. if they differ, ie. a new transect has been encountered.
local NewID
do case
case fstratum=1
NewID= str(RESV,2)+str(BNO,2)
case fstratum=2
NewID= LANDSYS
case fstratum=3
NewID= VEGTYP
endcase
return NewID <> StratumID

procedure EndStratum()

* Does end-of-stratum processing. The stratum sums are converted to

* means, and their weighted values added to forest-level accumulators.

* Sums of squares and products with transect length are used to compute

* stratum variance using the formula for variable length transects.

* Weighted stratum variance is added to forest-level variance accumulators.
* If required, stratum results are printed, with variances being reduced to
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* standard errors.
local £f,ng,sp,d
public ast:=0,astg:=0
€ 7,17 clear to 7,79
@ 7,17 say "*% EQS **"
* get stratum area from STRATA file, or from nominal block size
if fstratum=1
ast=inv->BLOCK_KM2
if ast=0
if select("bz")=0
* check block size file opened yet
OpenBzFile(BlockNo)
endif
ast=bz->(VarB1kSz(BlockNo))
endif
else
select strata
seek StratumID
if .not. found()
@ 24,0 say "Error : Stratum "+upper(StratumID)+" not in "+dbf()
altd()
return
else
ast=ST_AREA
endif
select plots
endif
* check more than one transect in stratum
if ntrs¢=1
@ 24,0 say "Warning : Stratum *+upper(StratumID)+" - only 1 transect
return
endif
* convert stand table totals to means per km?
FnArray(sts, {|x| z/trls})
* derive stratum variance for volume and convert volume total to mean
f=ntrs/trls
ndf=ntrs-1
for ng=1 to tot
if ng<=nspg
* individual species rows
sp=1
do while sp<=len(vols[ng])
for d=1 to ncdc

: Ignored"

volsq[ng][sp][d]=(£*(volsq[ng][sp][d]-(vols(ng][sp][d])"2/trls)/ndf)/ntrs

vols[ng](sp][d]/=trls
next
SpHt
enddo
else
* unclassifieds and totals
for d=1 to ncdc
volsg[ng][d]= f*(volsq[ng]{d]-volsng][d] 2/trls)/ndf
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vols[ng][d]/=trls
next

endif
next
* add stratum means weighted by stratum area to forest accumulator
AddArray(stf,sts,{|x| x*ast})
* add weighted variances of mean
AddArray(volf,vols,{|x| x*ast})
public astq:=ast™2
AddArray(volfg,volsg,{|x| x*astq})
* add forest stratum weights
forestwt+=ast
forestwtq+=astq
* add up forest level statistics on transects
trif+=trls
ntrf+=ntrs
nfut=ntrs
nfs++
* print stratum summary if required
if PrtEverySt

PrtStratum()
endif
return

procedure OpenBzFile(BlockNo)
* opens block size file

local n,bzfile

n=select()
bzfile=inv->PREFIX+" BZ"
filecheck(bzfile+".dbf")

use (bzfile) alias bz new
index on RBNO to bz

select (n)

return

function VarBlkSz(BlockNo)
* looks up a block size in file BlkSz - used where block size varies

* requires a file 'Prefix BZ' containing block numbers and areas in km2.

seek BlockNo
if .not. found()
g 24,0 clear
@ 24,0 say "Can't find block ID "+str(BlockNo,4)+" in file "+dbf()
altd()
quit
endif
return BL_AREA

%
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Kokkkkkkkkkkkkkkkkkk FOREST-LEVEL STATISTICAL ROUTINES kkkkk#kkkkkkkkkkkx

Procedure EndForest()

* calculates forest means and sampling errors and prints them
* convert weighted totals to means

@ 5,17 clear

@ 5,17 say "Printing forest summary...."
FnArray(stf, {|x| x/forestwt})
FnArray(velf,{|x| x/forestwt})

public fwsq:=forestwt™2
FnArray(volfq, {|x| x/fwsq})

PrtForest()

g 4,0 clear

return
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KfkkkkkkkkkkkkhrkkhrrkRxRRR%  QUTPUT ROUTINES *kkkkhkkrikkkkbkkkhhkkkhthihthkk

procedure PrinterSetup
* initializes constants used for printer control by all output routines
* converts code list from INVOPT into a setup string
local i
public pageno:=0
public lmargin:=10
public tmargin:=3
public Pglen:=Pagelen-10
public MaxWidth:=123
* convert setup codes from INVOPT to string format
pr_ch=&("{"+pr_setup+"}")
public pr_setupS:=""
for i=1 to len(pr_ch)
pr_setupS+=chr(pr. ch[i])
next
* printer uses prefix file name with extension .PRN if file output requested
set printer to (if(PrtFile,inv->PREFIX+".PRN","LPT1"))
return

procedure PrtTransect

* output stand table

local hdr

€ 9,27 say "Printing Transect Summary ..."

set device to print

* code block with heading procedures, N/km?
hdr=(|| PrtHdrTop(), PrtTrInfo(), PrtHdrSt()}
eval (hdr)

PrtSt(stu,hdr )

* volumes by cum. dia. class with sampling errors
hdr={|| PrtHdrTop(), PrtTrInfo(), PrtHdrVol()}
eval(hdr)

PrtVol(volu,volsq,0,hdr )

set device to screen

€ 9,17 clear to 9,79

return

procedure PrtStratum

* output stand tables for stratum

local hdr

@ 7,27 say "Printing Stratum Summary ..."

set device to print

* stand table of N/km?

* code block with heading procedures

hdr={|| PrtHdrTop(), PrtStInfo(), PrtHdrSt()}
eval (hdr)

PrtSt(sts,hdr )

* volumes by cum. dia. class with sampling errors
hdr=(|| PrtHdrTop(), PrtStinfo(), PrtHdrVol()}
eval(hdr)
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PrtVol(vols,volsq,ntrs-1,hdr )
set device to screen

@ 7,17 clear to 7,79

return

procedure PrtForest

* output stand tables for forest

set device to print

* stand table of N/km?

* code block with heading procedures

hdr={|| PrtHdrTop(), PrtFoInfo(), PrtHdrSt()}
eval(hdr)

PrtSt(stf,hdr)

* volumes by cum. dia. class with sampling errors
hdr={|| PrtHdrTop(), PrtFoInfo(), PrtHdrVol()}
eval (hdr)

PrtVol(volf,volfq,nfu-nfs-1,hdr )

set device to screen

@ 7,17 clear to 7,79

return

procedure PrtSt(st,hdrfn)
* prints main body of a stand table at transect, stratum or forest level
* 'st' is the stand table to be printed, 'corrfn' is a function applied
* to each element before printing to reduce figures to a correctly-weighted
* per km? basis, and 'hdrfn' is called at the end of each page to throw
* paper and print headings for a new page.
local ng,sp,lc
Ic=1
for ng=1 to nspg
* test if there are species in this group
if present(st[ng][1])
* have at least 5 lines free before starting group
CondEop(StTic,5,hdrfn,elc)
* print a blank line before group
TiCLiHE(stTiC,{"“","I","""}," u)
1c++
nsp=len(st[ng])
* print line by line
for sp=2 to nsp
if present(st{ng](sp])
Ictt
CondEop(StTic,1,hdrfn,glc)
PrtLineSt(spid(ng][sp],st[ng](sp])
endif
next
* print group summary
TicLine(StTic,{"”","+","“"},"_")
Ic++
CondEop(StTic,2,hdrfn,€lc)
PrtLineSt(spid(ng][1],st(ng][1])
TiCLiHE(StTiC,{"”","+","“"},"—")
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1c+=2

endif
next
* print unclassified and totals groups
CondEop(StTic,4,hdrfn,@lc)
PrtLineSt(spid[uncl],st[uncl])
TiCLinE(StTiC, {n Ilf"I u+u ; "{l n} ] u=u)
PrtLineSt(spid[tot],st[tot])
TiCLiHE(StTiC, {n E", uyl ] | u}' u=n)
return

function present(sprow)
* tests for presence of non-zero values in a species row
local i, nz
nz=.F.
for i=1 to len(sprow)
if sprow[i]>0
nz=.T,
exit
endif
next
return nz

procedure CondEop(tics,lfree,hdrfn,lc)
* tests if there are 'lfree' lines left on page. If not, does a new
* page with headings defined by code block 'hdrfn' and resets line count 'lc'
1t=len(tics)
if lc>Pglen-1free
* new page needed
@ prow()+2,lmargin+tics[1t]-10 say "(.../...)"
eval (hdrfn)
pl=prow()+1
* show ellipsis at top of table
@ pl,lmargin+tics[1] say "Q"
€ pl,pcol() say " (.../ee.)"
for t=2 to 1t-1
@ pl,lmarginstics[t] say "|"
next
€ pl,lmargin+tics[1t] say "|"
lc=1
endif
return

procedure PrtLineSt(spn,nkm2)

* prints a species or group summary line from the stand table. 'spn' is

* an element of the 'spid' species names array. 'nkm2' is a row of diameter
* class mean stockings for the species.

local pl,k

pl=prow()+1

€ pl,lmargin+StTic[1] say I"

@ pl,pcol() say spn

@ pl,lmargin+StTic[2] say "
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for k=1 to ndc
€ pl,pcol() say nkm2[k] picture "@Z 999,999"
next
@ pl,ImargintStTic(3] say "|"
for k=ndc+l to mdc
¢ pl,pcol() say nkm2[k] picture "@Z 999,999"
next
@ pl,1margin+StTic(4] say "|"
return

procedure PrtHdrTop
* outputs top line common to all tables, including setup string, date,
* time and pageno. Increments page number before printing, does an eject
* if not page zero
if pageno>(
gject
endif
pageno++
@ 0,0 say Pr_SetupS
¢ 1,1margin+l say "TSIA : Transect Sample Inventory Analysis output produced on "
dt=date()
g 1,pcol() say cdow(dt)+", "+str(day(dt),2)+" "+cmonth(dt)+str(year(dt),5)
@ 1,pcol() say " at "+left(time(),5)
¢ 1,1margin+MaxWidth-8 say "page "+str(pageno,3)
return

procedure PrtTrInfo

% prints transect heading info common to stand and volume tables

bl=left(right(TransectID,4),2)

tr=right(TransectID,2)

@ tmargin,lmargin+l say "Transect Summary for Block "+bl+" Transect "+tr

invz=alltrim(inv->INVENTORY)

¢ tmargin,lmargin+(MaxWidth-len(invz)-12) say "Inventory : "+invz

€ tmargintl,lmargin+l say "Length :"+str(Trlen,6)+ " m."

@ tmargin+l,pcol()+5 say "Width (1ly/2y) : "+str(inv->WIDTH 1Y,2)+"/" ;
+ str(inv->WIDTH 2Y,2)+ " m."

@ tmargin+l,lmargin+(MaxWidth-21) say "No. record units "+str(nru,4)

return

procedure PrtStinfo
% prints stratum heading info common to stand and volume tables
local trid
if fstratum=1

stid="Block "+right(StratumiD,2)
else

stid=StratumID
endif
@ tmargin,lmargin+l say "Stratum summary : "+stid
invz=alltrim(inv->INVENTORY)
@ tmargin,lmargin+(MaxWidth-len(invz)-12) say "Inventory : "+invz
@ tmargintl,lmargin+l say "Total transect length :"+str(trls,6)+ " m."
@ tmargin+l,pcol()+5 say "No. of transects : "+str(ntrs,3)
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@ tmargin+l,lmargin+(MaxWidth-25) say "Stratum area :";
+transform(ast,"999,999")+" km2"
return

procedure PrtFolnfo

* prints forest-level heading info common to stand and volume tables
local trid

@ tmargin,lmargintl say "Forest summary, weighted by stratum areas"
invz=alltrim(inv->INVENTORY)

@ tmargin,lmargint(MaxWidth-len(invz)-12) say "Inventory : "+invz

@ tmargintl,lmargin+l say "Total transect length :"+str(trlf,6)+ " m."
@ tmargin+l,pcol()+5 say "No. of transects : "+str(ntrf,3)

@ tmargin+1,pcol()+5 say "No. of strata : "+str(nfs,3)

@ tmargintl,lmargin+(MaxWidth-21) say "Total area :"+str(forestwt,5)+" km2"
return

procedure PrtHdrSt
* prints column headings for a stand table
* heading lines
local pr,nkm,cum,sph
@ prow()+1,0 say " "
* tic positions
ticl=1
tic2=27
tic3=tic2+ndc*7+2
ticd=tic3+ncdc*7+2
public StTic:={ticl,tic2,tic3,tic4}
TiCLiHE(StTiC,{"F","?“,"ﬂ"},":")
pr= prow()+1
@ pr,lmargintticl say "|"
@ pr,lmargin+tic2 say "|"
PrCentre(pr,tic2,tic3,"Trees per km? by cm diameter classes")
@ pr,lmarginttic3 say "L"
PrCentre(pr,tic3,ticd,if(ncdc>=3,"Cumulative N/km2","N/km2"))
@ pr,Imargin+ticd say "||"
pr++
€ pr,lmarginsticl say "g“
PrCentre(pr,ticl,tic2,"Species name")
@ pr,Imarginttic2 say "|"
for k=1 to ndc-1
dhdr=1trim(str(dc[k],3))+"-"+1trim(str(dc[k+1],3))
dhdr=space(7-len(dhdr))+dhdr
€ pr,pcol() say dhdr
next
dhdr="2"+1trim(str(dc[ndc],3))
dhdr=space(7-1en(dhdr))+dhdr
@ pr,pcol() say dhdr
@ pr,lmargin+ticd say "|"
for k=1 to ncdc
dhdr=">"+1trim(str(cdc[k],3))
dhdr=space(7-1en(dhdr))+dhdr
g pr,peol() say dhdr
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next

@ pr,lmargintticd say "“"
TiCLinE(StTiC, {II ”Il' H+ll' ” |l} p |I_|l)
return

procedure PrCentre(pr,a,b,title)

* prints a title centred between columns & and b on row pr
€ pr,lmargin+a+(b-a-len(title))/2 say title

return

procedure TicLine(Tics,Ch,Spc)
* draws a line with tics across the page for column intersections
% Tics is an array of column positions
* Ch is an array of 3 characters to be used: first tic, middle ones, last tic
* Spc is the spacer character to be used between tics
local k,ntic,pr
ntic=1
pr=prow()+l
col=1
do while ntic<=len(tics)
if col=tics[ntic]
do case
case ntic=1
c=Ch[1]
case ntic=len(tics)
¢=Ch[3]
otherwise
¢=Ch[2]
endcase
@ pr,lmargin+col say ¢
ntic++
else
g pr,lmargintcol say Spc
endif
col++
enddo
return

procedure PrtKdrVel
* prints column headings for table of volumes
local k,kw,d
@ prow()+2,0 say " "
kw=29
* build vtic array
public vTic:={1,27}
k=27
for d=1 to ncde
k+=kw
aadd(vtic,k)
next d
* top of frame

TicLine(vtiC’ {"E"]"?"]"ﬂ“}’"=")
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Vsubhdr("","Trees 2# cm diameter",cdc)
Vsubhdr("","Bole  CVof  RME",{})
Vsubhdr("Species name"," volume  mean (P=.95)",(})
Vsubhdr(""," m3/km? % n3/km?",{})
TiCLiﬂE(VTiC,{"”","+","“"},"—")

return

procedure VsubHdr(SideText,ColText,Diams)
* prints column headings for PrtHdrVol routine
local pr,d,j,dtext
pr= prow()+1
@ pr,lmargintvtic(1] say "|"
if len(SideText)>0
PrCentre(pr,vtic[1],vtic[2],SideText)
endif
@ pr,lmargintvtic[2] say "["
dtext=ColText
for d=1 to ncdc
if len(Diams)>0
j=at("#",ColText)
dText=left(Coltext,j-1)+1ltrim(str(diams[d],3))+substr(Coltext,j+1)
endif
PrCentre(pr,vtic[d+1],vtic[d+2],dText)
if d=ncdc
@ pr,Imarginsvtic[d+2] say "|"
else
@ pr,lmarginsvtic[d+2] say "|"
endif
next
return

Procedure PrtVol(va,vse,ndf,hdrfn)
* prints main body of table of volumes by cum. dia. classes..
% 'va' is the array of volumes, converted to means per km2.
* 'yse' is the array of volume standard errors, in m3/km2.
* 'ndf' is the degrees of freedom associated with the standard error.
* 'hdrfn' is a code block executed at the top of each new page.
% if 'vse' is not supplied or 'ndf' is zero, statistical columns are
* left blank.
local ng,sp,lc
Ic=1
for ng=1 to nspg
* test if there are species in this group
if present(va[ng]{1])

CondEop(vTic,5,hdrfn,@lc)

nsp=len(va[ng])

* print a blank line before group

TiCLinE(VTiC,{""","I","""}," ")

Ict++

* print line by line

for sp=2 to nsp

if present(va[ng][sp])
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lct+
CondEop(vTic,1,hdrfn,@lc)
PrtlLineVol(spid(ng][sp],va(ng]({sp],vse[ng](sp],ndf)
endif
next
* print group summary
TlCLlﬂE(VTiC, {H ”ll’"+|l’"ﬂ ll},"_ll)
Ictt
CondEop(vTic,2,hdrfn,glc)
PrtLineVol(spid(ng][{1],va[ng]{1],vse[ng][1],ndf)
TlCLinE(VTiC, (""“/ H+M’ "”"}’"-")
lc+=2
endif
next
* print unclassified and totals groups
CondEop(vTic,4,hdrfn,glc)
PrtLineVol(spid{uncl],vafuncl],vse[uncl],ndf)
TiCLiHE(VTiC,{"L"," u,uju},nzn)
PrtLineVol(spidktotT,vaﬁtot],vse[tot],ndf)
TiCLiHE(VTiC, {"lL","é","ﬂ"},":")
return

procedure PrtLineVol(spn,vm,vse,ndf)
* prints a single line in the table of volumes by cum. diam.
local pl,k
pl=prow()+1
@ pl,lmargintvTic[1] say "|"
€ pl,pcol() say spn
@ pl,lmargin+vlic(2] say "|"
for k=1 to ncdc
€ pl,pcol() say vm[k] picture "@Z 99,999.9"
if ndf>0
se=sqrt(vse[k])
cv=se/vm[k]*100
roe=vm[k]-se*tp95(ndf)
€ pl,pcol() say cv picture "@Z 99,999.9"
rme=if(rme>0,rme,0)
€ pl,pcol() say rme picture "€z 99,999.9"
endif
% move print position to next column separator
if k<ncde
@ pl,lmargintvTic[k+2] say "|"
else
€ pl,lmargin+vTic(ks2] say "|"
endif
next
return

*
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KTkkkkkkkRRKRKRRKRRERR UOLUME EQUATION ROUTINES Khkkkkikkkhhkkhkhkhhkhk

procedure InitVolegn
* initializes the array VolEqnC with coefficients for each species code.
* gets corresponding entry lines in 'sphashv'
local negn,j,i
filecheck("volegn.dbf")
use volegn new
neqn=1lastrec()
public VolEqnC:=array(2)
VolEqnC[1]:=array(neqn)
VolEqnC[2]:=array(negn)
for j=1 to neqn
VolEqnC[1][j]:=R
VolEqnC[2][j]:=B
if §PP=0
* species code zero is for those with no separate equation.
for i=1 to len(sphashv)
if sphashv[i]=0
sphashv[i]=j
endif
next
else
sphashv[SPP]=j
endif
skip
next
* file no longer required - close it
use
return

function volegn(dbh,spp)

* volume equation function

local j

j=sphashv{spp]
v=exp(VolEgnC[1][j]+VolEqnC[2][j]*1og(dbh))
return v

*
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#Qkkkkkkkkkkkkkkkkhkkkh% N-BRANCH ARRAY OPERATIONS #hkkkhkkkkhkkhkhhhkhhik

procedure zfill(a)
* Fills an n-branched array with zeroes or null strings.
* Works by recursive calls at each sub-array until a scalar element is
* met. 'a' is the array to initialize.
local i,eltype,la
la=len(a)
for i=1 to la
eltype=valtype(a[i])
do case
case eltype="A"
zfill(afi])
case eltype="N"
ali]=0
case eltype="C"
a[i]=""
endcase
next
return

procedure AddArray(a,b,c)
* Adds n-branched array b to a, executing code block ¢ for each element.
local i,atype,btype,la
la=len(a)
for i=1 to la
atype=valtype(a[i])
btype=valtype(b[i])
do case
case atype<>btype
* program bugs may result in non-conformable arrays
@ 24,0 say "#** Error : Arrays not conformable for addition”
altd()
quit
case atype="R"
* this element is a sub-array : call AddArray recursively
AddArray(a[i],b[i],c)
case atype="N"
* add element of B to A performing function C
a[i]+=eval(c,b[i])
otherwise
* could come here if there are program bugs
g 24,0 say "*** Error : Element of array not numeric in AddArray"
endcase
next
return

procedure FnArray(a,fn)

* Scans n-branched array 'a', executing code block 'fn' for each element
* and replacing a[i] with result.

local i,atype,la
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la=len(a)
for i=1 to la
atype=valtype(a[i])
do case
case atype="B"
* this element is a sub-array : call FnArray recursively
FnArray(a(i],fn)
case atype="N"
* perform 'fn' on a[i]
a[i]:=eval(fn,a[i])
otherwise
* could come here if there are program bugs
@ 24,0 say "#** Error : Element in FnArray of type "+atype
endcase
next
return

KQkkkkkkkkkkkkkkhkkt MISCELLANEOUS UTILITY ROUTINES *kkkkkkkkkkkhkkkktkktk

function pix(rn,bn,tn,pn)
* calculates plot index function from reserve, block, transect & plot no's
return (rn*10000000+bn*100000+tn*1000+pn)

procedure filecheck(fln)
* checks for availability of required file 'fln' and aborts program
* with a message if not found
if .not. file(fln)
* not found - abort program
@ 24,0 clear
@ 24,0 say "File "+upper(fln)+" needed but not in current directory."
errorlevel(l)
quit
endif
return

procedure esc_key
* checks if abort required following esc key
g 24,0 clear
abort=.F.
@ 24,0 say "ESC : Cancel program ? " get abort picture [Y]
read
if abort
quit
endif
@ 24,0 clear
return
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function tp95(ndf)
* returns value of Student's T from lookup tables at P=0.95
* with 'ndf' degrees of freedom. Returns NIL if 'ndf'=0.
local t
df 1 19-{12.71,4.30,3.18,2.78,2.57,2.45,2.36,2.31,2.26,2.23,2.20,2.18, ;
2.16,2.14,2.13,2.12,2.11,2.10,2.09}
df 20 50-{2.06,2.03,2.02}
df 50 100-2.00
df_inf=1.96
do case
case ndf<=0
t=NIL
case ndf>=1 .and. ndf<¢=19
t=df_1 19[ndf]
case ndf»>=20 .and. ndf<50
t=df 20 50[int(ndf/10)-1]
case ndf>=50 .and. ndf<100
t=df_50_100
otherwise
t=df inf
endcase
return t
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Appendix E : Stand tables for inventories

The stand tables on the following pages were produced by program TSIA.
Each set of tables is the forest summary for one inventory, according to the
list below:

Inventory Page no.
Chiquibul main series, 1969 . . . & « ¢ttt v v e v v v e v e e e e e e 87
Chiquibul mountain series 1971 . . . . . . . . ¢ ¢« ¢« i v v e e e e 93
Columbia River Reserve 1975-76 . . . . & ¢« ¢ v i v v v bt e e e e e 99
Maya Mountains Reserve 1975-76 . . . . . & & v ¢« t v v 4 v e e e n e 105
Cockscomb Basin Reserve 1977/78 . . & ¢ & i v 4 v v v e v o o o o o o s 117

Hillbank-Rio Bravo inventory 1971-74 . . . . . . . . . . . « ¢ . « . . . 121

It should be noted that pagination at the top right of these computer outputs
reflects the original reports from which they were extracted. Correct
pagination is given at the bottom right of each page.
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TSIA : Transect Sample Inventory Analysis output produced on Monday,

Forest summary, weighted by stratum areas
Total transect length :192000 m.

No. of transects :

24

7 December 1992 at 21:59

page 1

Inventory : Chiquibul Main Series 1969

No. of strata : 12

Total area :

768 kn?

Trees per km? by cm diameter classes

Cumulative N/km?

Belize Forest Planning and Management Project

Re-Analysis of Broadleaf Inventory Data

Species name 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100 2100 210 230 250
Cedar 87 21 11 4 3 2 2 1 2 133 25 10
Mahogany 72 13 7 4 2 1 1 1 0 0 102 17 b
Primary species 160 35 18 8 5 4 3 1 0 2 236 41 15
Cotton 7 1 2 1 1 1 2 14 7 4
Fig 25 7 3 1 1 0 0 1 37 13 3
Mapola 3 57 48 33 36 32 26 14 8 8 264 204 123
Moho 283 40 4 1 0 0 328 46 2
Polak (Balsa) 0 0 0 0
Soft light wood 3 96 42 38 33 28 15 8 10 643 270 132
Candlewood 3 0 3 0 0
Hogplum 115 42 29 20 7 3 1 215 101 30
Kaway 18 10 9 5 4 2 1 1 1 52 34 15
Negrito 7 i 3 1 0 17 10 1
Quamwood 4 7 1 1 1 0 13 9 2
Red Gombolimbo 70 26 10 2 1 110 39 3
Salmwood 76 16 3 1 0 95 19 1
White Tamarind 1 1
Medium soft wood 293 107 55 29 13 5 2 1 1 507 214 52
Banak 0 0 0 0
Cramantree 14 7 1 1 1 0 24 g 2
Red Wood 56 22 8 2 1 89 33 3
Timbersweet (Laurel) 42 23 4 1 1 1 72 30 2
Wild Pear (Aguacatillo) 14 8 2 1 0 0 25 11 1
Medium hard dark wood 126 60 14 5 2 2 0 209 83 9
Female Bullhoof 1 4 1 0 6 5 0
San Juan Macho 1 1 0 0 1 3 3 2
White Gombolimbo 1 99 46 11 4 160 60 4
Yemeri 1 0 1 1 0
Medium hard light wood 1 100 49 13 5 0 0 1 170 69 6
(Y
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TSIA : Transect Sample Inventory Analysis output produced on Monday,

Forest summary, weighted by stratum areas
Total transect length :192000 m.

No. of transects : 24 No. of strata : 12

7 December 1992 at 21:59

page 2

Inventory : Chiguibul Main Series 1969

Total area : 768 km?

Trees per km? by cm diameter classes

Cumulative N/km?

Belize Forest Planning and Management Project
Re-Analysis of Broadleaf Inventory Data

Species name 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100 2100 210 230 250
{sesfues)

Barba Jolote 8 5 4 5 4 4 2 2 2 36 28 19
Bastard Mahogany 3 1 2 2 1 1 1 1 46 12 B

Bastard Redwood 7 1 8 1
Cortez 16 7 4 3 1 1 30 15 5
Fiddlewood 40 35 29 26 19 12 7 3 2 173 133 69
John Crow Wood 8 5 3 3 2 1 0 0 21 13 5
Oak 66 34 10 2 1 113 47 3
Santa Maria 31 8 3 3 1 1 47 16 4
Sillion 89 57 15 5 2 0 0 169 80 8
Waika Chewstick 1 0 0 1 2 1 1
Wild Grape 23 16 8 4 1 1 1 0 53 30 7
Wild Mammee 1 0 0 2 2 0
Wild Orange 5 1 0 ) 2 0
Hard dark wood 327 176 80 52 k) 20 11 6 4 707 380 124
Bitterwood 13 4 3 2 1 1 0 24 11 4
Cherry 186 25 3 1 215 28 1
Cojotone 68 43 5 1 0 117 49 1

Cornstick (Aceituna) 8 8 1 17 9
Glassywood 86 43 9 2 1 141 55 3
Male Bullhoof 103 56 18 1 i 0 185 83 9
Mayflower 12 3 B 1 0 19 7 1
Nargusta 51 33 25 20 22 21 18 11 16 215 165 107
Red Breadnut 12 5 2 1 1 0 21 9 2
Toadskin 72 39 10 4 1 1 127 55 6
White Breadnut 296 275 118 54 19 8 3 0 0 172 477 84
Wild Guava 81 31 7 2 1 0 1 0 122 42 4
Hard light wood 986 564 204 94 45 31 21 11 171 1,974 989 220
Allspice 1,064 592 177 7 0 1,840 184 0

Axemaster 39 7 0 45 7
Balsam 27 5 5 2 1 39 12 2
Bastard Rosewood 22 22 17 8 1 1 1 71 49 10
Billy Webb 20 14 2 0 36 17 0
Black Cabbage Bark 33 18 11 4 1 1 0 67 35 6
Black Poisonwood 20 12 4 1 35 16 1
Black maya 3 2 0 B 4 0
Carbon 3 0 0 3 1 1
Faisan 48 31 14 8 1 1 1 103 55 10
Granadilo 44 18 5 2 1 0 70 26 3
Ironwood 1 19 57 29 12 8 3 1 0 191 110 23
(i« s:6f555)
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TSIA : Transect Sample Inventory Analysis output produced on Monday,

Forest summary, weighted by stratum areas

Total transect length :192000 m.

No. of transects :

24

7 December 1992 at 21:59

page 3

Inventory : Chiguibul Main Series 1969
Total area :

No. of strata : 12

768 km?

I Trees per km? by cm diameter classes Cumulative N/km2
Species name 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100 2100 210 230 250
(eeefeel)

Mamey ciruela 246 59 8 2 0 314 68 2
Monkey Apple 0 0 0
Mylady 79 40 8 1 1 130 50 2
Palo Mulatto 96 34 7 2 0 140 43 2
Pigeon plum 18 7 3 0 0 0 28 10 1
Rosewood 4 3 1 0 8 ¢ 0
Sapodilla 3 246 158 104 59 41 18 11 7 4 650 401 140
White Cabbage Bark I 1 0 8 1 0
White Poisonwood 73 25 2 1 101 28 1
Very hard dark wood 1,068 1,697 689 229 100 55 24 14 1 41 3,886 1,122 204
Unclassified species J Y3 2,333 04 170 70 28 10 4 3 41 3,330 995 120
Total (211 species) 4) 1,234 6,268 2,463 815 399 212 123 70 36 42 | 11,663 4,161 882
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TSIA : Transect Sample Inventory Analysis output produced on Monday,

Forest summary, weighted by stratum areas

Total transect length :192000 m.

No. of transects :

7 December 1992 at 21:59

page 4

Inventory : Chiquibul Main Series 1969

24 No. of strata : 12

Total area :

768 km?

Belize Forest Planning and Management Project

Re-Analysis of Broadleaf Inventory Data

Trees 210 cm diameter Trees 230 cm diameter Trees 250 cm diameter
Bole CV of RME Bole CV of RME Bole  CV of RME
Species name volume  mean (P=.95) volume  mean (P=.95) volume  mean (P=.95)
n3/km? $ n3/km? n3/km? $ n3/km? n3/km? % n3/km?

Cedar 55.8 19.7 31.6 43.8 24.8 19.9 33.6 30.2 11.3

Mahogany 46.5 22.5 23.5 33.4 30.0 11.4 22.8 39.8 2.8

Primary species 102.3 17.6 62.8 172 23.6 37,2 56.3 30.0 19.2

Cotton 42.0 28.3 15.9 38.4 31.3 11.9 34.2 33.2 9.2

Fig 26.4 22.2 13.5 19.0 25.4 8.4 10.1 32.9 2.8

Mapola 453.9 8.2 371.6 440.6 8.4  358.7 385.9 8.4  314.5

Moho 120.9 14.1 83.3 33.4 25.7 14.5 3.6 42.5 0.2

Polak (Balsa) 0.9  100.0 0.9  100.0 0.9  100.0

Soft light wood 644.1 7.3 540.6 532.3 7.1 448.6 434,17 7.2 365.7

Candlewood 1.7 7.7 1.0 100.0 1.0 100.0

Hogplum 134.0 13.9 92.9 120.6 14.8 81.3 76.6 18.6 45.2

Kaway 100.8 14,4 68.9 79.5 17.7 48.5 45.9 21.0 24.17

Negrito 11.9 31.3 3.7 9.8 36.2 2.0 2.6 64.3

Quamwood 13.9 42.6 0.9 12.9 44.0 0.4 6.1 89.7

Red Gombolimbo 56.5 20.5 31.1 35.1 19.6 20.0 5.8 22.8 2.9

Salmwood 36.8 12.2 26.9 15.3 15.9 10.0 1.7 60.3

White Tamarind 0.3  100.0

Medium soft wood 356.0 6.4  306.1 274.3 8.0 225.9 139.6 12.6  100.8

Banak 2.6 100.0 2.6 100.0 2.6 100.0

Cramantree 20.8 30.8 6.7 13.7 40.1 1.6 6.9 54.1

Red Wood 55.7 20.9 30.1 a2.1 27.3 13.1 5D 40.3 0.6

Timbersweet (Laurel) 42.1 18.6 25.2 28.4 23.4 13.8 6.9 26.9 2.8

Wild Pear (Aguacatillo) 15.3 28.5 5.7 10.7 34.4 2.6 3.3 47.4

Medium hard dark wood 137.0 12.0  100.9 88.1 15.4 58.2 25.1 29.1 9.0

Female Bullhoof 4.1 55.4 3.8 55.8 0.5  100.0

San Juan Macho 7.6 100.0 7.6 100.0 6.3  100.0

White Gombolimbo 82.2 10.2 63.8 50.3 13.6 35.2 7.2 22.0 3.7

Yemeri 1.3 50.8 1.3 50.8 0.4  100.0

Medium hard light wood 95.4 14,0 65.9 63.1 18.6 37.3 14.5 45.0 0.2
(sl sats)
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TSIA : Transect Sample Inventory Analysis output produced on Monday,

Forest summary, weighted by stratum areas

Total transect length :192000 m.

No. of transects :

7 December 1992 at 22:00

page 5

Inventory : Chiquibul Main Series 1969

24 No. of strata : 12

Total area :

768 km?

Belize Forest Planning and Management Project

Re-Analysis of Broadleaf Inventory Data

Trees 210 cm diameter Trees 230 cm diameter Trees 250 cm diameter
Bole (V of RME Bole CV of RME Bole  (V of RME
Species name volume  mean (P=.95) volume  mean (P=.95) volume  mean (P=.95)
n3/km? % n3/km? n3/km? % n3/km? m3/km? $ m3/km?
(el )

Barba Jolote 84.9 12.6 61.5 83.4 12.6 60.3 76.1 13.9 52.8

Bastard Mahogany 30.3 28.0 11.6 19.2 30.4 6.4 12.8 39.4 1.7

Bastard Redwood 3.4 25.5 1.5 1.2 3.6 1.1

Cortez 26.0 16.7 16.5 20.9 21.0 11.2 11.3 19.2 6.5
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