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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 comprised an outer circular plot of 400 m2 on which trees 

of 20 cm and above dbh were measured, and an inner plot of 100 m2 recording trees over 5 cm dbh.  

The plots were arranged  in a cross-ǎƘŀǇŜŘ ŎƭǳǎǘŜǊ ŀǘ ǘƘŜ ŜƴŘ ƻŦ пл Ƴ ΨŀǊƳǎΩ όCƛƎǳǊŜ мΣ Ǉ 8).  In all 

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 Reference Level (FRL) analysis, it has 

not hitherto being comprehensively analysed. 

In this work, the data was cross-checked 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 height-diameter 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 compatibility, the practice is followed here also.  

A comparison with other height-diameter 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 the R statistical 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 from https://bio-met.co.uk/proj/fiji/FFIDE.zip.  The R 

survey package was used to analyse the data as a single-stage cluster design.  An app called FFIDE 

was written using R shiny to 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 be selected by combinations of forest class, 

altitude range, island, province or district.  The sample statistics for any selected subset (mean, 

standard error, confidence interval, intra-cluster correlation coefficient [ICC])  are given for stocking, 

basal area, volume and above-ground 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 species by 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 sub-setted 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 types.  Myristica, Endospermum, Calophyllum, Cleistocalyx and Parinari 

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 areas 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, and 255,562 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, volume, 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 forest of 129.62 million 

tonnes (Mt).   

https://bio-met.co.uk/proj/fiji/FFIDE.zip
https://ffide.shinyapps.io/ffide
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Recommendations for future inventory work are detailed including a specific research program on 

tree height-diameter allometry, proper allowance for data analysis concurrent with field work, 

imagery analysis using Sentinel or similar 10-m resolution combined SAR and optical multi-period 

data, analysed concurrently and in coordination with field work for ground-truthing and supervised 

classification, concurrent data checking with re-measurement of doubtful plot data, use of coded 

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 2 of this report ŎƻǾŜǊǎ ǘǿƻ ǊŜƭŀǘŜŘ ǘƘŜƳŜǎ Υ  ¢ƘŜ ŀƴŀƭȅǎƛǎ ƻŦ CƛƧƛΩǎ нллс bŀǘƛƻƴŀƭ CƻǊŜǎǘ 

Inventory (NFI), and the analysis of Permanent Sample Plots (PSPs) to measure forest growth and 

yield over the period 2010-2018, based on biannual re-measurements.  The ŎƻƴǎǳƭǘŀƴǘΩǎ ¢ŜǊƳǎ ƻŦ 

Reference (TOR) for this work are given in Annex 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 growth and yield analysis of the PSPs. 

The NFI gives reference information on the condition of the forest at the point in time (2006-07) 

when the inventory was done.  The plots are mainly in native forest, though they include some 

exotic regrowth.  The PSPs cover a period of 8 years forest growth (2010-2018), with measurements 

at approximately 2-year intervals, and give information on forest dynamics, or change over time.  

From the PSPs, growth models can be constructed to forecast the future condition and economic 

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 have been done (Mundhenk et al, 2019; Weaver & Payton, 2011) .  These have 

been presented as internal documents, Excel spreadsheets, and incorporated into other reports.  

However, a general and systematic write-up of the results has never been completed, and is now 

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: 

¶ The NFI 2006 tree measurements, plot and cluster assessments.  These were provided in an 

Excel file called Fiji_NFI_2006_CarbonResults 16Nov2018.xlsx.  This included data from 

76,968 trees, 1,023 clusters (of 5 plots each) and 561 species.    

 

¶ The PSP tree measurements and species lists.  These were contained in several files, one for 

each measurement campaign, as follows:  

20200526124328_PSP-ROUND1-2010-2012.xlsx 

20200526124328_PSP-ROUND2-2012-2015.xlsx 

20200526124328_PSP-ROUND3-2015-2017.xlsx 

20200526124328_PSP-ROUND4-2017-2019.xlsx 

 

Additionally, the consultant was provided with GIS shape files for provinces, 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 form (without reference to location,  species or forest type) to 

ŘŜǾŜƭƻǇ ǘƘŜ CƻǊŜǎǘ wŜŦŜǊŜƴŎŜ [ŜǾŜƭ όCw[ύ ǎŎŜƴŀǊƛƻ ŦƻǊ CƛƧƛΩǎ w955Ҍ ǇǊƻƎǊŀƳƳŜ όaǳƴŘƘŜƴƪ Ŝǘ ŀƭΦΣ 

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 

2006 field data combined with remote sensing analysis, were provided by MoF to FAO for the 2015 

Global Forest Assessment (FAO, 2015).  The PSP data has not hitherto been analysed, as far as the 

author is aware.  Mundhenk et al (2019) in Annex B.1 refer to it, discuss some features, but did not 

include any results in their study. 

1.4. Analysis tools used : R and Shiny 

For data analysis and presentation in the report the open source statistical language R was used, 

after consultation with the REDD+ team to confirm that this was an acceptable and accessible 

choice.  R is a command-driven language, and the various scripts and procedures used in the analysis 

are documented in Annex B.  R Studio was used as the graphic interface, and R Shiny has been used 

to provide dynamic presentations of results via a web browser.  The Tidyverse library set has been 

used within R to provide the majority of the analytical and presentation tools used (Wickham & 

Grolemund, 2017). 

 

 

 

 

  

https://www.r-project.org/
https://rstudio.com/products/rstudio/
https://shiny.rstudio.com/
https://www.tidyverse.org/
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2. National Forest Inventory 2006 

2.1. Sample plot design and tree measurements 

The main features of the forest inventory 

design were set out in Schade (2005) and 

are also contained in the MoF SOP 

documentation for the inventory.  The main 

points are set out here only for reference.  

Circular plots were used, laid out in clusters 

of 5 as shown in Figure 1.  Each plot is 40 m 

from a central plot in the cardinal 

directions, identified in the data set by the 

letters N,S, E, W, and C (centre). The plots 

have an area of 400 m2 (11.28 m radius) on 

which all trees over 20 cm dbh1 are 

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 

describes  a regeneration plot of 1.78 m 

radius at the centre (red in the figure), but 

this data was included in the analysis. 

On the plots, trees were measured for 

diameter, and those over 40 cm dbh were  

measured for bole height, to the first major 

branch.   

2.2. Location of sampling clusters 

Figure 2 overleaf shows the location of the 

sampling clusters as red crosses.  The green 

areas are forest cover (using 2017 land cover 

mapping).  Only the main islands where 

sampling took place are shown. 

Locations were determined randomly using 

satellite imagery to determine forested zones.  

There were 1023 clusters.  Table 1 shows 

cluster counts by island and province.   Not all 

clusters had the intended 5 plots.  There were 

950 complete clusters and 73 incomplete ones 

with 1-4 plots.  In total, there were 5010 plots. 

 

 
1 Dbh : Diameter at breast height, measured at 1.3 m above ground.  However, for buttressed trees it may be 
measured higher.  The SOP describes measurement standards. 

Table 1 : Sampling clusters by island and province 
Island Province Clusters Total 

Viti Levu Ba 68  
 Nadroga/Navosa 84  
 Naitasiri 144  
 Namosi 58  
 Ra 78  
 Rewa 14  
 Serua 56  
 Tailevu 62 564 

Vanua Levu Bua 99  
 Cakaudrove 157  
 Macuata 125 381 

Kadavu Kadavu 42 42 
Taveuni Cakaudrove 15 15 

Gau Lomaiviti 7  
Koro Lomaiviti 4  
Ovalau Lomaiviti 10 21 

Total   1023 

Figure 1 : Layout of inventory plots and clusters 

     

   

 

 

  

     

     

     

 

40 m 

40 m 

40 m 40 m 

https://bio-met.co.uk/pdf/an1156.pdf
https://bio-met.co.uk/pdf/an1172.pdf
https://bio-met.co.uk/pdf/an1172.pdf
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2.3. Statistical and error calculation 

2.3.1. Methods 

The inventory design involves a top-level stratification by forest types with random location of 

clusters.  In a cluster sample, the variance of the stratum mean for a plot-level per hectare variable 

such as volume, biomass, basal area, is given by the following equation (Kangas & Maltamo, 2009, 

page 29): 

 S2 = ρ Ὢ
Ȣ
ρ  ά ρ” {eqn. 1} 

where: 

S2 is the variance of the sample mean for the stratum. 

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 coordinates bottom and right.   
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f is the ratio of area sampled to total stratum area.  (1 ς f) is known as the finite 

population correction (FPC).  It is often treated as 1 when the sampling fraction is small 

(less than 1%). 

s2 is the variance for the plots, without regard to the clusters.   

n is the number of clusters. 

m is the number of plots per cluster.   

r is the intra-cluster 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 1023 or 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: 

 ”  
  

  {eqn.2} 

with the symbols r, s2, m as previously defined, and sb
2, sw

2 being between-cluster and within-cluster 

variances. 

R has a package, Survey1, which will perform all the calculations of means, sampling errors and 

confidence limits for one stage or multi-stage cluster sampling (Lumley, 2010), including with 

variable sized clusters.  This has been used here to derive all the outputs presented, via the FFIDE 

app presented in section 2.7.   

2.3.2. Results 

Table 2 shows mean values, standard error, 95% confidence intervals and cluster sampling 

parameters (design effect, intra-cluster correlation) for the overall data set.  These are taken directly 

from FFIDE (see §2.7.3, page 15). 

Table 2 : Overall inventory results based on single-stage cluster sampling analysis 

Variable Mean StdErr Lower.CL Upper.CL ConfInt Deff ICC 

Number per ha 1052.07 11.65 1029.23 1074.9 ± 2.2 % 2.88 0.47 

Above Ground Biomass (t/ha) 144.12 2.33 139.55 148.69 ± 3.2 % 2.79 0.45 

Total volume (m3/ha) 258.13 4.19 249.92 266.35 ± 3.2 % 2.83 0.46 

Basal Area (m2/ha) 27.82 0.38 27.07 28.57 ± 2.7 % 2.97 0.49 

 

In §2.8 and 2.9, some contrasts are explored between close and open forest, upland and lowland 

types, and the main sampling zones. 

2.4. Data validation and quality 

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

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 information about the data collection process and error 

 
1 For documentation, see https://cran.r-project.org/web/packages/survey/survey.pdf.  Lumley (2010) 
illustrates the use of this package with practical case studies in his book Complex Surveys. 

https://cran.r-project.org/web/packages/survey/survey.pdf
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checking was not available.  Error checking should be done whilst data is being collected and 

routinely include the following: 

¶ Identification of diameter outliers and their verification. 

¶ Checking of height outliers, both directly and in combination with diameters (outliers form 

the diameter-height regression. 

¶ Digit preference checks.  This will pick up fabricated data, malfunctioning instruments, or 

their incorrect use. 

¶ At the plot level, stocking and basal area outliers. 

¶ A sub-sample 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 be re-measured.  To be effective therefore, these quality 

controls need to be planned before the inventory starts, all teams need to be briefed that they are in 

place and that they will have to re-measure plots if abnormalities are detected, and the checks need 

to be done in 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 built-in to the form coding on the tablet, such as diameter and height outliers. 

 

For the 2006 inventory, it seems probable as discussed in §2.5 below that many height 

measurements are too low, and that there may be some excess of large diameter measurements 

over 100 cm.     However, without field verification of these 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. Height-diameter functions 

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 section 2.6.  In preparing the Fiji Forest Reference Level scenario,  (Mundhenk et al, 

2019) describe the equations used for calculating above-ground biomass (AGB) from tree height and 

diameter.  The procedure and related discussion is in the FRL report section A.2.4.1, pages 67-68.  

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 campaigns and Eq. 7 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 

Řŀǘŀ ŎƻƭƭŜŎǘŜŘ ŘǳǊƛƴƎ CƛƧƛΩǎ tŜǊƳŀƴŜƴǘ  Sample Plot (PSP) program, predicted tree AGB was much higher when using the 

environmental stress factor (as a substitute for trees height) compared to using the measured heights in Eq. 4 in Chave 

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

factor assumes much taller trees compared to the heights measured during the PSP. The same holds true for Eq. II.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. [2014] to predict the AGB of NFI 2006 trees. 

The highlighted sentence indicates the low biomass values obtained using measured tree heights 

compared to a height-independent equation. The consultant reviewed the tree height data from the 

PSPs, and found that the heights appear relatively low, with large trees in the 40 -100 cm diameter 

range frequently having recorded heights below 15 m.  Figure 3 shows the individual trees from the 

PSP measurements of round 1 (2010-2012 measurements), filtered to only include those 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 height-diameter models for Fiji  

The heavy red line is the FRL function: 

 Htot = -4.681 + 5.3715 ln(D) {eqn.3} 

Here, Htot 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.  It is also noted in Vesa (2018).   This 

was fitted by regression 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 

al. (нлмпύΩǎ ǇǳōƭƛǎƘŜŘ Řŀǘŀ ǎŜǘ1, which is shown as green squares on Figure 3, with the regression line 

as dot-dash green.  This height-diameter function is quite similar to the Fiji plantation Mahogany 

height-diameter function given in Payton & Weaver (2011).    Also very similar is the orange broken 

ƭƛƴŜΣ ƭŀōŜƭƭŜŘ .ƛƻŎƭƛƳŀǘƛŎ 9Φ  ¢Ƙƛǎ ƛǎ /ƘŀǾŜ Ŝǘ ŀƭΦ όнлмпύΩǎ  Ŝǉǳŀǘƛƻƴ сŀΥ 

 ln(Htot) = 0.893 ς E + 0.760 ln(D) ς 0.0340 [ln(D)]2 {eqn.4} 

with the bioclimatic E value set to -0.0153.  Chave et al. (2014) provide a world-wide raster data set 

for calculated E values, also available to download2.  E itself is a composite index based on 

temperature and rainfall seasonality and drought stress.  From 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.ups-tlse.fr/pantropical_allometry/Chave_GCB_Direct_Harvest_Data.csv 
2 http://chave.ups-tlse.fr/pantropical_allometry/E.nc.zip 
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negative values of E (less bioclimatic stress), and the more blue-green areas, more positive values.  

The range is from -0.08 to +0.13, with a mean of -0.015. 

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 these two zones.  These are shown on Figure 3 

as the thin red solid and dotted lines respectively. 

As Mundhenk et al (2019) note, the use of bioclimatic E gives considerably higher height estimates 

(and hence biomass) than the direct height-diameter function from the PSP data.  The latter was 

used for the FRL report, and has been retained as the primary measure of AGB.   

In the ŎƻƴǎǳƭǘŀƴǘΩǎ opinion, without being able to make on-site verification, the PSP total height 

measurements appear to be for the most part to be either ocular estimates, or bole height estimates 

or measurements, and are therefore biased low, consequently leading to underestimation of overall 

biomass values.   

Whilst calculated AGB values based on equation {3} have been used for the Fiji REDD+ Forest 

Reference Level, and are therefore used here as the primary measurement of above ground 

ōƛƻƳŀǎǎΣ ƛǘ ƛǎ ǘƘŜ ŀǳǘƘƻǊΩǎ ǾƛŜǿ ǘƘŀǘ ǘƘŜǎŜ ŀǊŜ ǾŜǊȅ ƭƛƪŜƭȅ ǘƻƻ ƭƻǿΣ ŀƴŘ ǘƘŜ ǘǊǳŜ ōƛƻƳŀǎǎ ŦǳƴŎǘƛƻƴ ƛǎ 

likely to be closer to equation {4}.  Future inventories should pay particular attention to the 

derivation of an accurate height-diameter functions, as noted in the recommendations of this report 

(§0). 

2.6. Allometric equations for volume and biomass 

2.6.1. Forest Reference Level methodology for biomass 

The FRL report (Mundhenk et al, 2019) uses the following equation to estimate AGB, after Chave et 

al (2014): 

 AGB = 0.0673 (r.H.D2)0.976 {eqn.5} 

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

(a) Rainfall patterns1 (b) Bioclimatic stress index 

[data from Chave et al, 2014] 

      

1 https://www.pinterest.com.au/pin/510877151477223740/ 

https://www.pinterest.com.au/pin/510877151477223740/
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Here AGB is tree biomass in kg, r is mean wood density (g/ml), H is tree total height (m), and D is 

tree dbh (cm).    To apply this equation, H is estimated from D using equation {3} above, as given by 

Vesa (2018)  and equation A.7 in Mundhenk et al (2019).  Wood density is taken from the wood 

density database of Zanne 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 density r is omitted and the result scaled by 1000 to give m3, giving: 

 Vtot = 0.0000673 (H.D2)0.976 {eqn.5} 

Here, H is estimated height in m, D is diameter at dbh in cm, and Vtot is volume overbark down to the 

ǇǊŀŎǘƛŎŀƭ ƭƛƳƛǘ ƻŦ ƳŜŀǎǳǊŜƳŜƴǘΦ  ¢Ƙƛǎ ŦǳƴŎǘƛƻƴ ƛǎ ǘŀƪŜƴ ŦǊƻƳ /ƘŀǾŜ Ŝǘ ŀƭΩǎ όнлмпύ ŘŀǘŀōŀǎŜΣ ǿƘƛŎƘ ŀǎ 

they note, includes volumes measured to a variety of standards and limits, but in the most part the 

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 explorer (FFIDE) Shiny app  

2.7.1. Purpose of FFIDE 

There are many ways in which a set of forest inventory data such as the Fiji NFI 2006 study can be 

viewed and interpreted, including various sub-set views by region, district, island, forest type, 

altitude, etc.  Various statistics can be of relevance for different purposes, 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 species, etc.  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 access to the NFI 2006 

data in processed form, with a dynamic interface via a computer browser, that 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 provide an example 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 web-enabled Shiny app. 

2.7.2. Code listing and access 

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 Annex B.3.  This also explains how it may be set up in R Studio for 

local use and development.  Line numbers in the following sections are given as (#220-230) and refer 

to this listing, in this example lines 220 to 230.  Symbolic names used in code are underlined.  The 

https://ffide.shinyapps.io/ffide/
https://rstudio.com/products/rstudio/#rstudio-desktop
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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  

Figure 5 :  FFIDE initial screen 

 

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 clusters).  A table 

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 #493-529, creating a side bar and main panel.  Note that these 

are assigned to the ui object, in accordance with R Shiny specifications.  Subsidiary objects are the 

various selectInput() functions that create drop-down menus for forest types and islands,  the 

sliderInput() function for altitude range, and uiOutput specifications for provinces and districts.  These 

are created dynamically as the island selection is changed, at lines #573-577 of the server() function.  

The filter tool allows selection by forest type (closed or open forest), altitude range, island, province 

or district.  Note that as the island or province are selected, the lists in the district drop-down menu 

will update.  When a filter selection is changed, all the information changed will update 

automatically.  This can take several seconds, during which time the screen may blank or go grey. 

Filtering is done in code by the routines includeClusters(), includeTrees(), includePoints(), and 

filterTable() at lines #17-72.    These are called as needed by the server() interface at lines #579-594.  The 

current cluster and tree subsets are defined as reactive functions which change whenever the applicable 

controls are modified (#579-586).  The inventory design object invdo (for the survey package) is also 

updated reactively (#588-590).   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 biomass, in tonnes 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 the mean, and for the cluster sample, the design effect and inter-cluster correlation 

coefficient, as discussed in section 2.3. 

The inventory statistics are calculated using the R survey package.  At lines #399-404, function 

doInventory() returns a survey design object, based on a single stage cluster sample (#402).  Function 

invStatsTable() calculates the various statistics from the design object and returns it as a data table.  At 

line #600, this table is output via the renderTable() Shiny function.  This is a reactive function that is 

called whenever invdo() changes.  This also reactive, as declared at line #588, and will be triggered 

whenever the set of selected clusters is modified, at #579. 

The lower left histogram shows the distribution of sample plots by a selected metric (stocking, 

biomass, volume or basal area), according to the choice made from the drop-down menu above the 

diagram. 

This histogram is produced by the function invStatsPlot() at lines 434-446.  This depends on the 

inventory design object invdo, derived from function doInventory() (#399-404).  These functions are 

called by server() at line #601 whenever the filtering changes, affecting invdo (#588), or the variable 

input$selHistVar is changed (#509-514).  invStatsPlot() returns a ggplot2 object, which is rendered on 

the screen by the Shiny function renderPlot() at line #601. 

The lower right box plot shows the data mean and 

distribution by a selected characteristic from 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 included will be 

influenced by the filtering characteristics set, so 

districts, for example, will be limited to any filters 

set by island or province.  The diagram at the right1 shows the standard layout and definitions of a 

box plot.  The bottom axis is the number of standard deviations for normally distributed data. 

The box plot is produced via line #602, which will call invBoxplot() at lines #449-462. 

2.7.4. The leaflet map 

The Map tab of FFIDE brings up a leaflet map.  Leaflet is an open source library in Javascript, also 

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 map, both from OpenStreetmap2, 

the street map and the topographic layer, which shows contour intervals at 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 object ui (#492) has a placeholder for the map set up at line #530.  In the 

server() function, at #613, a set of points for plot locations is created by the includePoints() function, 

filtered according to current settings of the Sample filter panel, indicated by the reactive function clset().  

 
1 from https://towardsdatascience.com/understanding-boxplots-5e2df7bcbd51 
2 see https://www.openstreetmap.org/#map=7/-18.494/178.383 

https://towardsdatascience.com/understanding-boxplots-5e2df7bcbd51
https://www.openstreetmap.org/%23map=7/-18.494/178.383































