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SUMMARY

The 2006 national forest inventory (NFI) established 1023 clusters, each nominally of 5 plots,
randomly located in forests on the larger forested islands of Fiji, being Viti Levu, Vanua Levu, Kadavu,
Taveuni, Gau, Koro and Ovalau. The plots comprisedtan circular plot of 400 rhon which trees

of 20 cm and above dbh were measured, and an inner plot of Zd@cording trees over 5 cm dbh.

The plots were arranged inacresK | LISR Of dZAaGSNJ i GKS 85iRI 2F nn
5010 plots were assessed. A total of 899,398 ha of forest were surveyed. Although various reports
have been based on the data, in particular the REDD+ Forest Referenc@FRijeanalysis, it has

not hitherto being comprehensively analysed.

In this work, the data was croshecked for validity. Stand structure and diameter class

distributions appear as expected and there were no gross outliers in the diameter data. Height
measurements were for bole height only, and therefore heigiaimeter functions based on PSP
measurements were used. However, these also may not be reliable. They were used in the FRL as
the basis for biomass estimates, and for reasons of compatiliiiéypractice is followed here also.

A comparison with other heightiameter curves is made which shows however that the values are
probably too low, but without field allometric research, it is not possible to be certain.

The data was analysed using tRestatistical system. The key data sets, comprising the tree
measurements, plot and cluster details, and maps of plot locations, have been bundled into a single
directory called FFIDE, available as a zip file fraps://bio -met.co.uk/proj/fiji/FEIDE.zipThe R
surveypackage was used to analyse the data as a sbtglge cluster design. An app called FFIDE
was written using Rhinyto surface various aspects of the data. The code is listed in an Annex and
explained in the text. It allows subsets of the data to lested by combinations of forest class,
altitude range, island, province or district. The sample statistics for any selected subset (mean,
standard error, confidence interval, int@uster correlation coefficient [ICC]) are given for stocking,
basal aea, volume and abovground biomass. The frequency distribution of plot values is shown as
a histogram, and a box plot allows the data distribution to be partitioned by forest type, altitude
class, island, province or district. Full stand tables of epdwj size class are shown for any selected
variable (stocking, biomass, volume, basal area), with cumulative size class distribution. The stand
table can also be searched, sorted or mdited by species. FFIDE is accessible online at
ffide.shinyapps.io/ffide The online version does not give access to the raw data or code.

Using FFIDE, the species distributions by forest types are reviewed. There are several dominant
species common to all forest typeMlyristica, Endospermum, Calophyllum, Cleistocahgdd®arinari
account for about 30% of stocking and canopy cover. Overall, 289 species are recognised. FFIDE
shows species abundance curves and tables, which may support conservation programmes.

Forest area are derived from published sources. Overall in 2006 there were 899,398 ha of natural
forest, of which 670,300 ha were lowland (below 600 m altitude) and 229,098 ha upland forest. The
lowland forest is subdivided into 414,738 ha of closed forest type ,2&%,562 ha of open forest.

Overall mean and total parameters, with confidence interval are tabulated by forest classes
(lowland closed and open forest, upland forest). It is found that the structural differences in terms
of diameter distribution, valme, basal area and biomass are not large enough to be statistically
significant, although the lowland closed forest has the highest stocking by a small margin. Biomass
per ha in 2006 was 144.12 t/ha £2.7% overall, with a total stock for natural for&89c62 million

tonnes (Mt).

Fiji NFI 2006 Draft Report.docx 1


https://bio-met.co.uk/proj/fiji/FFIDE.zip
https://ffide.shinyapps.io/ffide

Recommendations for future inventory work are detailed including a specific research program on
tree heightdiameter allometry, proper allowance for data analysis concurrent with field work,
imagery analysis using Sentinelsimilar 10m resolution combined SAR and optical mpkriod

data, analysed concurrently and in coordination with field work for gretmathing and supervised
classification, concurrent data checking witameasurement of doubtful plot data, use of cai

notes regarding tree and measurement quality, and use of tablets for field data collection. It is
noted that this report is the first of 2 parts, with the second to follow being for PSP data analysis,
growth and yield estimates and models.
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1. Introduction

1.1. Terms of reference and objectives

Parts 1 and ®f thisreportO2 dSNB (g2 NBfl GSR GKSYSa v ¢CKS Fylf
Inventory(NFI) and the analysis of Permanent Sample RIBS8Psio measure forest growth and

yield over the period 2012018, based on biannualH1aeasurements. ThO@2 y a dzf G y i Qa ¢ SNY
ReferencgTORJor this work are given iAnnex A.This document, Part 1 of the report, is

concerned primarily with the analysis of the 2006 NFI. It does however also use some information

form the PSPs, particularly tree height measurements. Part 2 of the report, to be issued separately,

covers the gowth and yield analysis of the PSPs.

The NFI gives reference information on the condition of the forest at the point in time {@006
whenthe inventory was done. The plots are mainly in native forest, though they include some
exotic regrowth The PSR=ver a period of 8 years forest growth (262018), with measurements
at approximately Zyear intervals, and give information on forest dynamics, or change over time.
From the PSPs, growth models can be constructed to forecast the future condition @mahgc
value of the forest estate.

Clearly, a considerable period has elapsed since the 2006 NFI. The data has been used in several
previous studies to inform the REDD+ forest reference level for Fiji, and for this purpose various
focussed analyses havedn done(Mundhenk et al, 2019; Weaver & Payton, 201These have

been presented as internal documents, Excel spreadsheets, and incorporated into other reports.
However, a generand systematievrite-up of theresultshas never been completed, andnew

required as a reference document for comparison with future inventories.

1.2. Data sets supplied
The consultant was supplied with a directory of files which contained two key Excel documents:
1 TheNFI 2006 tree measurements, plot and cluster assessmélese were provided in an

Excel file calle&iji NFI 2006 CarbonResults 16Nov2018.xI$ws included data from
76,968 trees, 1,023 clustefsf 5 plots eachand 561 species.

1 The PSP tree measurements and species [idiese were contained in sevefi¢s, one for
each measurement campaigas follows:
20200526124328 PSROUND20102012.xlIsx
20200526124328 PIROUNDZ22012-2015.xIsx
20200526124328 PIROUND20152017.xIsx
20200526124328 PSROUND4£017-2019.xlIsx

Additionally, the consultant was provided with GIS shape filepfowinces, districts, and plot
locations.

1.3. Prior analyses

As noted above, there has been no general analysis of the NFI 2006 published in any form. However,

the data has been used in aggregate fqrmithout reference to location, species or forest type) to

RSOPSt 2L 6KS C2NBaild wSTFSNBYyOS [S@St oCcw[U0O aO0Syl N
2019). An earlier carbon stock assessment, using a simpler and less complete methodology, was also
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made by Weaver and Payton (2011). Data on broad forest types and areas, derived from the NFI
2006field datacombined with remote sensing analysigere provided by MoF to FAO for the 2015
Global Forest Assessment (FAO, 2015). The PSP data has noo hitieertanalysedas far as the
author is aware Mundhenk et al (2019) in Annex B.1 refer taliscuss some featurebut did not
include any results in their study.

1.4. Analysidoolsused: R and Shiny

For data analysis and presentation in the report tipe source statistical languagavas used,
after consultation with the REDD+ team to confirm that this was an acceptable and accessible
choice. R is a commattiiven language, and the various scripts and procedwsed in the analysis
are documented in Annex BR Studiowvas used as the graphic interface, @adhinjhas been used
to provide dynamic presentations odsults via a web browsefTheTidyversdibrary sethas been
used within R to provide the majority of the analytical and presentation tools (\&fckham &
Grolemund, 2017).
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2. National Foresinventory 2006

2.1. Sample plot desigand tree measurements

The main features of the forest inventory
design were set out ifchade (2005nd Figure 1 : Layout of inventory plots and clusters
are also catained in theMoF SOP
documentationfor the inventory The main
points are set out here only for reference.
Circular plots were used, laid out in clusters
of 5as shown in Figure 1. Egglot is40 m
from acentral plot in the cardinal 40
directions, identified in the data set by the
letters N,S, E, W, and C (centiB)eplots
have anarea of 400 (11.28 m radius) on
which all trees over 20 cm dbhre

measured. There is an inner plot of 100 m2
(5.64 m radius) on which trees over 5 cm
dbh are measured. The protocol also 44
describesa regeneration plot of 1.78 m
radius at the centre (red in the figure), but
this datawasincluded in the analysis

©

@

p

On the plots, trees were measured for
diameter, and thee over 40 cm dbh were
measured for bole height, to the first major

@

branch.
2.2. Location of sampigclusters Table 1 : Sampling clusters by island and provinc
Figure 2overleafshows the location athe Is_Ignd Province Clusters _ Total
linaclust d Th Viti Levu Ba 68
samplingclustersasre cro§ses e green Nadroga/Navosa 84
areas are forest cover (using 2017 land cover Naitasiri 144
mapping) Only the main islands where Namosi 58
sampling took place are shown. Ra 78
Rewa 14
Locations were determined randomly using Serua 56
satellite imagery to determine forested zones. Tailevu 62 564
There were 1023 clusterg.able 1 shows Vanualevu Bua 99
cluster counts by island and provincé&lot all Cakaudrove 157
y_ P Macuata 125 381
clusters had the intended 5 plqts. There were " 2qavu Kadavu 42 42
950 complete clusters and 78complete ones  Taveuni Cakaudrove 15 15
with 1-4 plots. In total, there were 5010 plots. Gau Lomaiviti 7
Koro Lomaiviti 4
Ovalau Lomaiviti 10 21
Total 1023

1Dbh : Diameter at breast height, measured at 1.3 m above ground. However, for buttressed trees it may be
measured higher. TheORlescribes measurement standards.
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Figure 2 Map of Fiji main islands with NFI sampling clusters
Forest cover in 2017. Some outer islands are not shown. Fiji national grid
references left and top, geographic coordinatsttom and right.
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2.3. Statistical and error calculation
2.3.1. Methods

The inventory desigimvolves a togevel stratification by forest types with random location of
clusters In a cluster sample, the variance of the stratum mean for alplal perhectare variable
such as volume, biomass, basal area, is given by the following eq{i&tingas & Maltamo, 2009,
page 29)

S=p Q4 p a p’ {eqgn. 1}
where:

S s the variance fthe sample mean for the stratum.
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f is the ratio of aresampled to total stratum area. (f) is known as the finite
populationcorrection(FPC). It is often treated as 1 when the sangpiractionis small
(less than 1%).

& is the variance for the plots, without regard to the clusters.
n is the number otlusters

m is the number 6plots per cluster.

r is the intracluster correlation coefficient (ICC).

Equation 1 assumes all clusters have the same number of plots, whereas in this data set, some of the
clusters (73 out of 1028r 7%) have less than the full 5 plots. The ICC is a key parameter for any
cluster sampling, and is usually estimated by ANOVA as:

T — {egn.2}

with the symbolsr, &, mas previously defined, arsd?, s,? being betweercluster aml within-cluster
variances.

R has a packag8urvey, which will perform all the calculatiomd means, sampling errors and
confidence limits foone stage or mulistage cluster sampling (Lumley, 20li¢luding with
variable sized clustersThis hasden used here to derive all the outputs presented the FFIDE
app presented in sectiod.7.

2.3.2. Results

Table 2 shows mean values, standard er®&%oconfidence ingrvals and cluster sampling
parameters (design effect, ir#-cluster correlation) for the overall data set. These are taken directly
from FFIDE (se€& .3 pagels).

Table 2 : Overall inventory results based on singlage cluster sampling analysis

Variable Mean StdErr Lower.CL Upper.CL Conflint Deff ICC
Number per ha 1052.07 11.65 1029.23 1074.9 +22% 2.88 0.47
Above Ground Biomass (t/ha) 144.12 2.33 139.55 148.69 +32% 2.79 0.45
Total volume (m3/ha) 258.13 4.19 249.92 266.35 +32% 2.83 0.46
Basal Area (m2/ha) 27.82 0.38 27.07 28.57 +2.7% 2.97 0.49

In 8.8and2.9, some contrasts are explored between close and open forest, upland and lowland
types, and themain sampling zones

2.4. Data validatiormnd quality

There are many quality checks which should be carried out on inventory data as it is colléoted.

the present case, no detailed report on the inventory was written at the time, and it is not known
what checks were carried out. The data is in an Access database with an entry form corresponding
presumably, to the field forms, but much informatiabout the data collection process and error

1 For documentation, sebttps://cran.r-project.org/web/packages/survey/survey.pdEumley (2010)
illustrates the use of this package with practical case studies in his@owiplex Surveys
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checkingwvas not available Error checking should be done whilst data is being collected and
routinely include the following:

9 Identification of diameter outliers and their verification.

1 Checking of height outlis, both directly and in combination with diameters (outliers form
the diameterheight regression.

1 Digit preference checks. This will pick up fabricated data, malfunctioning instruments, or
their incorrect use.

9 At the plot level, stocking and basal araatliers.

1 A subsample of plots (around 5%) should be remeasured periodically by a different team to
the original measurements to verify quality of species identification and instrument
measurements.

Where bad data is suspected, plots must bameasured.To be effective therefore, these quality
controls need to be planned before the inventory stadli teams need to be briefed that they are in
place and that they will have to measure plots if abnormalities are detected, and the checks need

to be donein real time during data collection. The process is aided if data collection is done with
tablet devices rather than paper forms, as there is no delay in data processing, and some checks can
be builtin to the form coding on the tablet, such as diamea@d height outliers.

For the 2006 inventory, Beemsprobableas discussed in 82.5 below that many height
measurements are too low, and that themeay besome excess of large diameter measurements
over 100 cm. However, without field verification ohiese outliers at the time of data collection, it
is impossible to be certain, and for the present analysis the data has been accepted as is.

2.5. Heightdiameterfunctions

Height estimation is important for measurement of volume and biomass. The NFI 2006 data
includes bole heights, but not tree total height, which is required for allometric functions of biomass,
as discussed in secti@®b. In preparing the Fiji Forest Reference Level scenario, (Mundhenk et al,
2019) describe the equations used for calculating abgneeind biomass (AGB) from tree height and
diameter. The procedure and related discussion thénFRL reporsection A.2.4L, pages 668.

They make the following point with respect to tree heights:

Initially, Equation 7 in Chave et al. [2014] was selected as the most promising candidate model, because total tree
height was not measured during the NFI 2006 field campaign&gnd provides a substitute for tree height (i.e.,a so

called environmental stress factor enters the equation). However, when Eq. 7 from Chave et al. [2014] was tested on
RIFEGF O2ff SOGSR RSamjlePbt (RSP)DogdgmedictBd\ded GBSvesimuch higher when using the
environmental stress factor (as a substitute for trees height) compared to using the measuredihdight4 in Chave

et al. [2014]. During the PSP heights of trees > 10 cm DBH were recorded. It was found that thmentatetress

factor assumes much taller trees compared to the heights measured during the PSP. The same holds true for Eq. 11.5
Wet in Chave et al. [2005]. In the latter, tree height is not used as an input (only DBH and the wood density are used as
inputs) but an inherent relationship between DBH, total tree height and AGB is assumed. It was, therefore, decided to
use the PSP data to derive a height model, predict the heights of NFI 2006 trees using the fitted model and then use Eq.

4 in Chave et al. [2@] to predict the AGB of NFI 2006 trees.

Thehighlightedsentence indicates the low biomass values obtained using measured tree heights
compared to a heighindependent equationTheconsultantreviewed the tree height data from the
PSPs, and found thaté heightsappearrelatively low, with large trees in thé0 -100 cmdiameter
rangefrequently havingecordedheights below 15 m. Figure 3 shows the individual trees from the
PSP measurements of round 1 (2€@L2 measurements), filtered to only inclutte®se with both
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bole and total height measured, and exclude any noted as with broken tops. A number of different
height models are shown for comparison.

Figure 3 : Comparison of some heigthiameter models for Fiji

50

45

IN
o

w
a1

g Tree data
- 30 = FRL Model
%’ —— Mahogan
D 25 ahogany
f) - - -Bioclimatic E
f:’ 20 PNG model
O PNG data
15 ----Viti Levu
——Vanua Levu
10
5
0
0 20 40 60 80 100 120 140 160
Tree diameter (dbh, cm)
The heavy red line is the FRL function
Hiot =-4.681 + 5.371f(D) {egn.3}

Here, Hi is tree total height in m, and D is tree diameter (dbh) in cm. This equation is given in
Mundhenk et al (2019) on page 68, Annex A, section A.2.4.1. Itis also noted in Vesa (2018). This
was fitted byregression to PSP data, but the exact data set is not known. However, it lies close to
the regression line of the same form through the data points shown.

This can be compared with tree height diameter from Papua New Guinea, extracted from Chave et
a.B@nmn0Qa Lldzo'f whishKsStowrRak dgrden sijuaniés on Figure 3, with the regression line
as dotdash green. This heigbtameter function is quite similar to the Fiji plantation Mahogany
heightdiameter function given in Payton & Weaver (2011Also very similar is the orange broken
fAyS: t1r0SttSR .A20tAYFGAO 90 CKAA A& [/ KI @S

In(Hot) = 0.893; E + 0.76(n(D)¢ 0.0340 [n(D)F {eqn.4}

with the bioclimatic E value set t60.0153. Chave et al(2014) provide a worldvide raster data set

for calculated E values, also available to downfodglitself is a composite index based on

temperature and rainfall seasonality and drought streBsom the raster data set, an average value
was calculated for Fiji. There is considerable variation across the island, as indicated in Figure 4,
which shows the Fiji raster data and some comparable rainfall data. The brown areas indicate more

1 http://chave.upstise.fr/pantropical_allometry/Chave GCB_Direct Harvest Data.csv
2 http://chave.upstlse.fr/pantropical _allometry/E.nc.zip
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negative véues of E (less bioclimatic stress), and the more-gheen areas, more positive values.
The range is frord0.08 to +0.13, with a mean €3.015.

It is apparent on Figure 4 that the Bioclimatic E suggests more favourable forest growing conditions
on Vanua Levu and Taveuni than Viti Levu. To check this with the PSP data, average regressions
were calculated for the height diameter function for the®e zones. These are shown on Figure 3

as the thin red solid and dotted lines respectively.

Figure 4 : Variation in rainfall and the bioclimatic stress index (E) on the main islands of Fiji

(a) Ranfall patterns (b) Bioclimatic stress index
[data from Chave et al, 2014]

Precipitation
mm per year -

Eiji Provinces
Hgh 3351 ** Bioclimatic E
W -00803
[S—

0.0274

T— o 002548
WIeAS 3 007838
Woaz27

Lhttps://www.pinterest.com.au/pin/510877151477223740/

As Mundhenk et al (2019) netthe use of bioclimatic E gives consideydiigjher height estimates
(and hence biomass) than the direct heighimeter function fron the PSP data. The latter was
used for the FRL report, and has been retained as the primary measure of AGB.

IntheO 2 y & dzbopiniory, witddut being able to make esite verification, the PSP total height
measurements appear to be for the most paatbe eitherocular estimatespr bole height estimates
or measurements, and are therefobgased low, consequently leading to underestimation of overall
biomass values.

Whilst calculated AGB values based on equation {3} have been used for the FijiFRIEED+
Reference Level, and are therefore used here as the primary measurement of above ground
0OA2Yl &aaz AG Aa GKS ldziK2NRa @OASg GKIFdG GKSAS
likely to be closer to equation {4}. Future inventorieswdld pay particular attention to the

derivation of an accurate heigliiameter functions, as noted in the recommendations of this report

(80).

2.6. Allometric equationsadr volumeand biomass

2.6.1. Forest Reference Level methodoldgybiomass

The FRL report (Mundhenk et al, 2019) uses the following equation to esth@Beafter Chave et
al (2014):

AGB = 0.0673 (H.0})%7 {eqn5}
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Here AGB is tree biomass in kgs mean wood densityg(ml), H is tree total height (m), and D is
tree dbh (cm). To apply this equation, H is estimated from D using equd8pabove, as given by
Vesa (2018) and equation A.7 in Mundhenk et al (20¥8)od density is taken from theood
density database atanne et al (2009).

2.6.2. Tree total volume

There are no natural forest volume equations that have been developed for Fiji. Past inventories
(1992 and earlier) have used lower and upper stem diameter measurements and log length
measurements to estimate volumes. However, equation {5} can be used as a total volume equation
if wood densityr is omittedandthe result scaled by 1000 to give’ngiving:

Viot = 0.0000673 (HAP97 {eqn.5}

Here, H is estimated height in m, D is d@&er at dbh in cmand Vs is volume overbark down to the

LIN} OGAOFE fAYAG 2F YSIFadaNBYSyilo ¢CKA& Fdzy OG A2y A
they note, includes volumes measured to a variety of standards and limits, but in the mo#igart

upper diameter limit is between 5 and 10 cm.

The height term H, for consistency with other regional volume equations (see figure 5), should be
calculated from equation {4}.

2.7. Fiji inventory data exploreAtIDE) Shimgpp
2.7.1. Purpose of FFIDE

There are manyays in which a set of forest inventory data such as the Fiji NFI 2006 study can be
viewed aml interpreted, including various subet views by region, district, island, forest type,
altitude, etc. Various statistics can be of relevance for different ggep, trees numbers per

hectare, basal area, biomass, volume. Of interest may be diameter distributions or values above
given diameter limits, broken down by species or in totals. It may be of interest to highlight
particular species or groups of specgietc. Traditionally this would be accomplished by printing out
voluminous tables giving as many possible views as possible, resulting in massive and unwieldy
documents that are difficult to print or use. The FFIDE app is designed to give accessRb2066N
data in processed form, with a dynamic interface via a computer browisar allows all this

possible information to be accessed in a compact and easy to use form.

At the same time, the app has a didactic or training objective: To providesampéx of R

procedures for various purposes, such as the construction of stand tables by diameter classes and
species, using the R statistical language, and to show by example how such functions can be
wrapped up as a webnabled Shiny app.

2.7.2. Code listing andccess

A working copy of FFIDE is available directly via the link below:

https://ffide.shinyapps.io/ffide/

A listing of the code is given in Anne8.BThis also explains how it may be set up iStudidor
local use and development. Line numbers in the followawisns are given as (#2280) and refer
to this listing, in this example lines 220 to 23ymbolic names used in code are underlinéte
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technical descriptions of the R code are indented in italics, and can be ignored by the more general
reader.

2.7.3. Initial screen

Figure5: FFIDE initial screen

Fiji Forest Inventory Data Explorer ~ Sampling  Map  Stand Table

Select plots to be Forest inventory statistics for 1023 clusters, 5010 plots
included in the ) -
ana\ysiS' Variable  Description Mean StdErr Lower.CL UpperCL Conflnt DsgEff ICC
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When FFIDE starts, it shows the view above. This includes all the inventory data, for 1023 clusters
and including 5010 plots (nominally 5 plots per cluster, but with a few incomplete clusfetaple

of statistics are shown at the top, a data filter tool in the left side panel, a histogram of diameter
distributions at the lower left main panel, and a box plot in the lower right main panel.

The layout is controlled by code in lines #8289, creating a sidbar and main panel Note that these
are assigned to thai object, in accordance with R Shiny specifications. Subsidiary objects are the
variousselectinput(functions that create drojglown menus for forest types and islands, the
sliderinput()functionfor altitude range, andiiQutputspecifications for provinces and districts. These
are created dynamically as the island selection is changed, at lines5#F 7 theserver()function.

The filter toolallows selection by forest type (closed or opereft), altitude range, island, province
or district. Note that as the island or province are selected, the lists in the districtdinop menu

will update. When a filter selection is changed, all the information changed will update
automatically. Thisan take several seconds, during which time the screen may blank or go grey.

Filtering is done in code by the routinesludeClusters(includeTrees()ncludePoints()and

filterTable()at lines #1772. These are called as needed bystrger()interface at lines #57894. The
current cluster and tree subsets are definedessctive functions which change whenever the applicable
controls are modified (#57986). The inventory design objéetdo (for thesurveypackage) is also
updated reactiely (#588590). The table output function depends on these and is also reactive (#592
594).
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The table at the top shows sampling statistics for each of the variables analysed. These variables
are stocking, or trees per hectare; above ground biomadspines per hectare; total volume, in

cubic metres per hectare; and basal area in square metres per ha. The table gives the mean value,
standard error, lower 95% confidence limits, upper 95% confidence limits, the confidence interval as
a percentage of thenean, and for the cluster sample, the design effect and inbester correlation
coefficient, as discussed in sectidr3.

The inventory statistics are calculatesing the Rsurveypackage. At lines #3904, function
dolnventory(yeturns asurveydesign olpect, based on a single stage cluster samifg). Function
invStatsTable(@alculates the various statistics from the design object and returns it as datdéa At
line #600, this table is output via tmenderTable(Bhiny function. This is a reactive function that is
called wheneveinvdo()changes. This also reactive, as declared at line #588, and will be triggered
whenever the set of selected clustés modified, at #579.

The lower left histogram shows the distribution of sample plots by a selected metric (stocking,
biomass, volume or basal areaxcording to the choice made from the dedpwn menu above the
diagram.

This histogram is produced by the functiouStatsPlot(at lines 434446. This depends on the
inventory design objedhvdo, derived from functiomlolnventory(\#399404). These functions are
called byserver(jat line #601 whenever the filtering chges affectinginvdo (#588), or the variable
input$selHistVars changed (#50914). invStatsPlot(yeturns a ggplot2 object, which is rendered on
the screen by the Shiny functimnderPlot(at line #601.

The lower right box plot shows the dataean and

distribution by a selected characteristitom the

drop-down menu above, which may be Forest Type,

Altitude Class, Island, Province or District. The

altitude class divides plots below and above 600 m

(lowland and upland). The factors includeitl e

influenced by the filtering characteristics set, so

districts, for example, will be limited to any filters

set by island or provinceThe diagram at the righshows the standard layout and definitions of a
box plot. The bottom axis is the numbef standard deviations for normally distributed data.

The box plot is produced via line #602, which willicaBoxplot(at lines #44%62.

2.7.4. The leaflet map

TheMap tab of FFIDE brings up a leaflet map. Leaflet is an open source library in Javdsaeript, a
available in R, for rendering GIS files with full pan and zoom capabilities. There is a substantial
library of free background layers, of which two are used for this,rhafh fromOpenStreetmaf

the street map and the topographic layer, whelowscontour intervalsat larger scales The map

will show these features together with the NFI 2006 sample plots for the selected data set, according
to the filter tool settings on the Sample panel. The example shown in Figure 7 overleaf includes all
data.

In code, the user interface objadt(#492)has a placeholder for the map set up at line #5B0the
server(Jfunction, at #613, a set of points for plot locations is created byntiedePoints(junction,
filtered according to current settings of tiamplefilter panel, indicated by the reactive functiotset()

1 from https://towardsdatascience.com/understandifdopxplots5e2di7bcbd51
2 seehttps://www.openstreetmap.org/#map=718.494/178.383
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