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23.1 PERIODIC INVENTORIES OF MAINLAND 
PUERTO RICO (1980–1990)  

nominally a national forest inventory, was implemented by the United States Forest 
Service regional Research Stations. During the time period described here, there 
were initially six separate regions which subsequently were consolidated into four 

Research Stations. Then as now, the Southern Research Station (SRS) FIA Program 
was responsible for the forest inventories for Puerto Rico and the United States Virgin 
Islands. The SRS FIA conducted periodic forest inventories on an approximately 
ten-year cycle. Field crews worked as a group in one state for a year, completed 

data were processed and reported on in a series of special Forest Service publications. 

state in the southern United States of America being resurveyed three to four times. 
For a detailed history of the early years of the FIA Program, please refer to LaBau et al. 

website ( ). 

this varied slightly over time, by region, and in some areas. Sampling intensity 
was increased in areas with forests of special economic interest, particularly the 
pine-growing coastal plains in the south-east. Field measurements were taken within 
a cluster of variable radius plots with subsampling for tree regeneration. Periodic forest 
inventories were conducted in Puerto Rico during this period, but not in the United 

those used in the southern states. 

which was consistent with the objectives of the forest inventory of the continental 
United States of America, that is, assessing the timber production potential of the 

Vieques, Culebra and Mona were not included in the inventory.

Part 2
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An island-wide estimate of forest area for 
commercial and non-commercial areas was made 
from aerial photographs, although coverage was 
incomplete. Permanent sample plots were installed 
in two of the six Holdridge life zones on the island 

considered to have the potential for commercial 
timber production: the subtropical moist forests 
and subtropical wet forests. These two life zones 

forested. The two life zones and four soil categories 
were used to stratify the plots. Areas excluded from 

areas, mangrove forests, areas with poor soils, dry 

percent), and critical watersheds with high rainfall, 
with the result that inventory plots were installed on 
only about half of the island’s total land area.

of that used in the southern United States of 
America. A cluster of three variable-radius plots 
was established at each sample point location 
to measure trees with diameter at breast height 

(cm). Each sample tree on the variable-radius plot 

variable-radius plot centres. Five years after the 

more comprehensive estimate of forest area from 
newer, more complete aerial photographs of the 
entire island. Aerial photographic estimation of 
forest cover was expanded to include all forest 
types, except the montane forests and plantations. 

in forest with commercial potential was revisited 

The data collected during the survey update was 
expanded to include erosion factors, hydrology and 
operating conditions, as well as tree crown and 
branch measurements. The island’s forests were 

23.2 ANNUALISED FOREST INVENTORY AND 
ANALYSIS INVENTORIES OF PUERTO 
RICO AND THE UNITED STATES VIRGIN 
ISLANDS, 2001–PRESENT 

to an annualised inventory design described in 

FIA design was implemented in Puerto Rico 

layout, which are described in subsequent sections 

technical reviewers believed the FIA design 
would not adequately sample the highly diverse 
island forests due to the relatively small area 
sampled by each plot and the lack, at that time, of 

successfully adapted its National Forest Inventory 
(NFI) programme to the Caribbean island forests 

Examples of these changes included land use 
and land cover class descriptors applicable to the 
islands, and volume and biomass equations for 
island tree species. The new systematic, annualised 
forest inventory design was applied to the United 

in Marcano Vega (2020).



 

National Forest Inventory sampling design for Puerto Rico

FIGURE 23.1
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Historical description of the National Forest Inventory for 

Puerto Rico

TABLE 23.1

Inventory 
cycle

Execution 
period

Level
Sampling 

design

Number of 
sampling 

units

NFI 1 1980 National Systematic 978

NFI 2 1990 National Systematic 978

NFI 3 2001–2004 National Systematic 514

NFI 4 2006–2009 National Systematic 550

NFI 5 2010–2014 National Systematic 574

NFI 6 2016–2019 National Systematic 581

Source: Prepared by the authors.

Historical description of the National Forest Inventory for the 

United States Virgin Islands

TABLE 23. 2

Inventory 
cycle

Execution 
period

Level
Sampling 

design

Number of 
sampling 

units

NFI 1 2004 National Systematic 109

NFI 2 2009 National Systematic 114

NFI 3 2014 National Systematic 116

NFI 4 2019 National Systematic 116

Source: Prepared by the authors.

Forest Inventories of Puerto Rico and United States Virgin Islands  

Source: Adapted from USDA (United States Department of Agriculture) Forest Service. 2020. Forest Inventory and Analysis National Core Field Guide. Vol. 1: Field data 
collection procedures for Phase 2 plots, Version 9.0. Washington DC, USA, USDA Forest Service. 

The boundaries shown and the names and designations used on this map do not imply the expression of any opinion whatsoever on the part of FAO concerning the legal 
status of any countries, territories, cities, areas, authorities, or delimitation of their frontiers or boundaries. Dotted lines on maps represent approximate boundaries for which 
there may not yet be full agreement.

1. 

Kilometres
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National Forest Inventory sampling design for the United States Virgin Islands

FIGURE 23. 2

Source: Adapted from USDA Forest Service. 2020. Forest Inventory and Analysis National Core Field Guide. Vol. 1: Field data collection procedures for Phase 2 plots, Version 
9.0. Washington DC, USA, USDA Forest Service.. 
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23.3 TERMS AND DEFINITIONS 

forest land, volume and biomass across the entire 
geographic range of the United States of America 
and associated Commonwealths and Territories. 

tree cover on a potential plot location reaches the 
minimum threshold. The choice of method depends 
on the degree of canopy cover and conditions at 

and methods can be found in the FIA Database 
[FIADB] and Field Guide documentation available at 

ed.us/library/database-documentation/
index.php and 
guides-methods-proc/index.php, respectively). 

land for the Caribbean islands. Normally, any 
human activities on the land which prevent natural 
forest regeneration would exclude that land from 
inclusion as forest. It was decided, however, that 
understorey agricultural systems that maintain the 
minimum tree canopy cover, such as agroforestry 
and shade coffee cultivation, would be included as 
forest land. However, these forest lands receive a 
special land use code so they can be differentiated 
from other forest lands. 

Kilometres



 

Summary of definitions used by the United States Forest Service Forest Inventory and Analysis Program to implement the National 

Forest Inventory in Puerto Rico and the United States Virgin Islands

TABLE 23. 3

States Forest Service FIA Program to implement the 
NFI in Puerto Rico and United States Virgin Islands 

Individual tree measurements are used to 
calculate tree volume, biomass and carbon using 
a combination of volume equations, allometric 
equations and biomass expansion factors. Volume 
estimates are made for the main stem of the tree 
and can be expressed as gross or net volumes, as 
well as total cubic volume or volume sawn board 
feet. Biomass and carbon estimates are broken into 
multiple components. Oswalt and Conner (2011) 

et al. (2011) provide more details on the 
methodologies used to make these estimates.

Term Definition Variables and thresholds

Forest Accessible forest land – Forest land has at least 10% canopy cover of live 

tally tree species of any size or has had at least 10% canopy cover of live tally 

species in the past, based on the presence of stumps, snags, or other evidence. 

Additionally, the condition is not subject to non-forest use(s) that prevent normal 

tree regeneration and succession, such as regular mowing, intensive grazing, or 

recreation activities.

To qualify as forest land, the prospective condition must be at least 0.4 ha 

(1.0 acre) in size and 36 m (120.0 ft) wide measured stem-to-stem from the 

outer-most edge. Forested strips must be 36 m (120.0 ft) wide for a continuous 

length of at least 110 m (363.0 ft) in order to meet the acre threshold. Forested 

strips that do not meet these requirements are classified as part of the adjacent 

non-forest land.

Tree – A woody perennial plant, typically large, with a single well-defined 

stem carrying a more or less definite crown; sometimes defined as attaining 

a minimum diameter of 7.6 cm (3 in) and a minimum height of 4.6 m (15 ft) at 

maturity. 

Ocular method – The Ocular method is only used in areas that 

are obviously 0% live plus missing canopy cover or obviously 

greater than 10% live plus missing canopy cover. 

Acre method – If a condition is close to 10% canopy cover, 

and other methods may not accurately represent tree canopy 

cover due to irregular spatial distribution of tree canopies (e.g. 

clumpiness), the Acre method provides another estimate of the 

total tree canopy area within the radius of a 0.4-hectare (1-acre) 

plot located within the condition in question.

Subplot method – To estimate cover using the subplot method, 

the crew measures the crowns of all live trees, seedlings and 

saplings on each of the four 0.017-hectare (1/24 acre) subplots. 

Other 

wooded 

land

Other wooded land – Other wooded land has at least 5%, but less than 10%, 

canopy cover of live tally tree species of any size or has had at least 5%, but less 

than 10%, canopy cover of tally species in the recent past, based on the presence 

of stumps, snags, or other evidence. Other wooded land is recognised as a 

subset of non-forest land, and therefore is not currently considered a separate 

condition class. 

See variables and thresholds for accessible forest land

Other land Non-forest land – Land that has less than 10% canopy cover of tally tree 

species of any size (live + missing) and, in the case of afforested land, fewer than 

375 established trees per hectare (150 per acre); or land that has sufficient canopy 

cover or stems, but is classified as non-forest land use (see criteria under present 

non-forest land use). Non-forest includes areas that have sufficient cover or 

live stems to meet the forest land definition, but do not meet the dimensional 

requirements.

See variables and thresholds for accessible forest land

Forest Inventories of Puerto Rico and United States Virgin Islands  
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TABLE 23 .3 (CONTINUED)

Term Definition Variables and thresholds

Volume Volume - A measure of the solid content of the tree stem used to measure 

wood quantity.

Gross board-foot volume – Total board-foot volume of wood inside bark 

without deductions for total board-foot cull.

Gross cubic-foot volume – Total cubic-foot volume of wood inside bark 

without deductions for rotten, missing, or broken-top cull.

Net board-foot volume – Gross board-foot volume minus deductions for 

total board-foot cull.

Net cubic-foot volume – Gross cubic-foot volume minus deductions for 

rotten, missing and broken-top cull.

Variables used for volume estimation for trees with DBH at least 

12.7 cm (5 in):

Diameter at breast height (DBH) - Unless one of the following 

special situations is encountered, measure DBH at 1.37 m (4.5 ft) 

above the ground line on the uphill side of the tree. 

Diameter at root collar (DRC)  - For species requiring diameter at 

the root collar, measure the diameter at the ground line or at the 

stem root collar, whichever is higher. For these trees, treat clumps 

of stems having a unified crown and common root stock as a 

single tree. 

Use the following formula to compute DRC:

DRC = 
i=1

 Stem diameter i
2

n

Total length - Record the total length of the tree, to the nearest 

30 cm (1.0 ft) from ground level to the top of the tree. 

Actual length - record for trees with missing tops (top on live 

trees is completely detached; top on dead trees is greater than 

50% detached from the tree). 

Rotten/missing cull - record the percent rotten or missing 

cubic-foot cull for all live tally trees greater than or equal to 

12.7 cm (5.0 in) DBH/DRC and all standing dead tally trees greater 

than or equal to 12.7 cm (5.0 in).

Biomass Above-ground biomass (regional methodology) - For the southern region, total 

above-ground biomass is estimated using allometric equations and is defined as 

the above-ground weight of wood and bark in live trees ≥ 2.5 cm (1.0 in) DBH/

DRC from the ground to the tip of the tree, excluding all foliage (leaves, needles, 

buds, fruit and limbs < 1.3 cm (0.5 in) in diameter). Biomass is expressed as oven-

dry weight and the units are tonnes. 

Above- and below-ground biomass - Nationally above-ground and 

below-ground biomass is estimated from each tree’s sound volume using a 

Component Ratio Method that is consistently applied in all FIA regions.

Gross above-ground biomass - Total tree biomass excluding foliage and roots 

with no deductions made for rotten, missing, or broken-top cubic-foot cull. 

Net above-ground biomass - Gross above-ground biomass minus deductions 

for missing cull, broken-top, and a reduction for a proportion of rotten cull for 

live or standing dead trees ≥ 12.7 cm (5.0 in) DBH.

Below-ground biomass - Coarse roots only. 

Further, the total net above-ground biomass estimated using the Component 

Ratio Method is divided into the following components:

Top - The portion of the main stem of a timber species tree above the 10.2 cm 

(4-inch) top diameter. 

Branches - All the branches of a timber species tree excluding the main stem.

Bole – See: Merchantable stem. 

Stump – The portion of timber species below 30 cm (1-foot) to ground level. 

See variables and thresholds for Volume. Regional biomass 

estimations are derived from allometric equations using DBH 

and actual length. Biomass estimations using the Component 

Ratio Method use a Biomass Expansion Factor applied to 

the Volume estimate for trees with DBH ≥ 12.7 cm (5 in) and 

allometric equations that use DBH and actual length for trees 

with DBH ≥ 2.5 cm (1 in) but < 12.7 cm (5 in).

Source: USDA Forest Service. 2020. Forest Inventory and Analysis National Core Field Guide. Vol. 1: Field data collection procedures for Phase 2 plots, Version 9.0. Washington 
DC, USA, USDA Forest Service.;  Woudenberg, S.W., Conkling, B.L., O’Connell, B.M., LaPoint, E.B., Turner, J.A. & Waddell, K.L. 2010. The Forest Inventory and Analysis 
database: database description and user’s manual version 4.0 for Phase 2. General Technical Report RMRS-GTR-245. Fort Collins, USA, USDA Forest Service, Rocky Mountain 
Research Station.



 

Forest types recognised by the United States Forest Service Forest Inventory and Analysis Program in Puerto Rico and the United 

States Virgin Islands

TABLE 23.4

Island Forest type Forest type definition

Puerto Rico Subtropical dry forest Found in areas with 600 mm to 1 100 mm of annual precipitation. Bursera simaruba (L.) Sarg., 

Bucida buceras L., Cephalocereus royenii (L.) Britton, and Guaiacum officinale L. are species typical 

of Puerto Rican dry forest. The more heavily disturbed dry forest areas have numerous, smaller 

stemmed Leucaena leucocephala (Lam.) deWit, Prosopis juliflora (Sw.) DC., Acacia macracantha 

Humb. & Bonpl., and Acacia farnesiana (L.) Willd. individuals.

Subtropical moist forest Found in areas with 1 000 mm to 2 200 mm of annual precipitation. The subtropical moist life zone 

is the most extensive on Puerto Rico and covers a wide variety of soil parent materials, topographic 

classes and land uses that give rise to highly diverse species mixtures that typically include 

Tabebuia heterophylla (DC.) Britton, Spathodea campanulata Beauv., Guarea guidonia (L.) Sleumer, 

Andira inermis (W. Wright) Kunth ex DC., Roystonea borinquena O.F. Cook, Mangifera indica L., 

Cecropia peltata L., Schefflera morototoni (Aubl.) Maguire, Steyermark & Frodin, and species of the 

Nectandra, Ocotea, and Coccoloba genera.

Subtropical wet and rain forest Found in areas with 2 000 mm to 4 000 mm of annual precipitation. Dacryodes excelsa Vahl., 

Sloanea berteriana Choisy, and Manilkara bidentata (A.DC.) are species indicative of the tabonuco 

forest type. Cecropia peltata L., Schefflera morototoni (Aubl.) Maguire, Steyermark & Frodin, 

and Ochroma lagopus Sw. are also common in wet forest stands in early stages of succession 

or recovery from disturbance. Wet forest shade coffee plantations hold species such as Guarea 

guidonia (L.) Sleumer, Inga laurina (Sw.) Willd., Inga vera Willd., and Erythrina poeppigiana (Walp.) O.F. 

Cook. Palm forest characterized by Prestoea acuminata (Willd.) H.E. Moore var. montana (Graham) 

A. Hend. & G. Galeano occupies higher elevations falling in the subtropical rain forest zone.

Lower montane wet and rain forest Found in areas with elevations between 700 m and 1 000 m. Forest types and their typical 

species include the palo colorado forest type (Cyrilla racemiflora L., Ocotea spathulata Mez., 

Micropholis chrysophylloides Pierre, and Micropholis garciniaefolia Pierre), the elfin forest type 

(Eugenia borinquensis Britton, Tabebuia rigida Urban, Weinmannia pinnata L., and Calycogonium 

squamulosum Cogn.), and the palm brake forest type (Prestoea acuminata (Willd.) H.E. Moore var. 

montana (Graham) A. Hend. & G. Galeano).

Mangrove forest Mangrove forests comprised of Rhizophora mangle L., Avicennia nitidia Jacq., Laguncularia 

racemosa (L.) Gaertn. f., and Conocarpus erectus L. are found along the coastlines and estuaries.

Non-stocked stands Stands less than 10 percent stocked with live trees.

United States 

Virgin Islands

Subtropical dry forest Found in areas with 600 mm to 1 100 mm of annual precipitation. Some of the native tree 

species that are common in subtropical dry forest in the United States Virgin Islands are gumbo 

limbo [Bursera simaruba (L.) Sarg.], torch wood (Amyris elemifera L.), Jamaican caper (Capparis 

cynophallophora L.), black manjack (Cordia rickseckeri Millsp.), water mampoo (Pisonia subcordata 

Sw.), lignum vitae (Guaiacum officinale L.), white frangipani (Plumeria alba L.), and fustic [Pictetia 

aculeata (Vahl) Urban]. The more heavily disturbed dry forest areas have numerous, smaller 

stemmed tan tan [Leucaena leucocephala (Lam.) deWit], Prosopis juliflora (Sw.) DC., stink kasha 

(Acacia macracantha Humb. & Bonpl.), and casha [Acacia farnesiana (L.) Willd.] individuals.

Subtropical moist forest Found in areas with 1 000 mm to 2 200 mm of annual precipitation. Some of the many natural 

indicator species of subtropical moist forest in the United States Virgin Islands include the dog 

almond [Andira inermis (W. Wright) Kunth ex DC.], black mampoo [Guapira fragrans (Dum.-Cours.) 

Little], yellow mombin (Spondias mombin L.), gre gre (Bucida buceras L.), sandbox tree (Hura 

crepitans L.), kapoktree [Ceiba pentandra (L.) Gaertn.], cigar box cedar (Cedrela odorata L.), 

bayrumtree (Pimenta  acemose var.  acemose), royal palm (Roystonea borinquena O.F. Cook) (on 

St. Croix only), stinkingtoe (Hymanaea courbaril L.), pumpwood (Cecropia schreberiana Miq.), and 

white cedar [Tabebuia heterophylla (DC.) Britt.]. While subtropical moist forests have some of the 

same introduced species found in subtropical dry forest, tamarind (Tamarindus indica L.) and genip 

(Melicoccus bijugatus Jacq.) are also commonly found. 

Mangrove forest Mangrove forests comprised of Rhizophora mangle L., Avicennia nitidia Jacq., Laguncularia  

acemose (L.) Gaertn. F., and Conocarpus erectus L. are found along the coastlines and estuaries.

Non-stocked stands Stands with less than 10 percent stocking or canopy coverage of live trees.

Forest Inventories of Puerto Rico and United States Virgin Islands  

Source: Brandeis, T.J., Helmer, E.H. & Oswalt, S.N. 2007. The status of Puerto Rico’s forests, 2003. Resource Bulletin SRS-119. Asheville, USA, USDA Forest Service, Southern 
Research Station.
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23.4 SAMPLING DESIGN

The systematic sampling system for generating 
permanently monitored sampling points across 
the entire United States of America, associated 
Commonwealths and Territories replaces the 
regional square sampling grids used for the periodic 

forest inventories with a single hexagonal base grid 
built on the sampling frame of the Environmental 
Protection Agency’s Environmental Monitoring 

et al.
a hexagonal grid over square sampling grids is that 
hexagons could be more easily decomposed (divided 

11 until a desired sampling intensity was reached, 
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et al., 

ones that use latitude and longitude to create a 
sampling grid because the sampled area remains 
consistent as meridians converge toward the Earth’s 
poles, a key feature when sampling over such an 
extensive geographic range. The FIA Program needs 
a sampling scheme that would remain consistent on 

or St. Croix in the United States Virgin Islands 

Nationally, the FIA Program uses as its base a 

et al.

interpenetrating panels with the intention of 
measuring all or half of the SUs within each panel 

begins again. 

The sampling intensity is increased to ensure an 
adequate sample, particularly on the smaller islands, 
while mainland Puerto Rico could potentially 
have an adequate sample with one sample point 

very broad estimates at a strategic scale without 
making estimates for different forest strata. The 

would have resulted in an oversampling of the more 
common subtropical moist forest and a potential 
undersampling of less common forest types like 

undersampled forest types using a Holdridge life 
zone map and then intensify sampling within those 
polygons. Lower montane forest, forests on serpentine 
soils, and subtropical dry forests received a sample 

The Puerto Rican island of Vieques was sampled at 

Mona each were sampled at 12 times the base grid. 

12 times the base grid.  

Sampling points are distributed across four rather 

on the United States Virgin Islands are done in one 
year, making the latter a periodic inventory. The 
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four-panel cycle allows for a year of special study 
work on Puerto Rico and doing all the work in the 

working there from the United States Forest Service’s 
base in San Juan, Puerto Rico. Currently, transitioning 
the United States Virgin Islands to an annualised 

concerns evolve.

The hexagonal base grid allows for the generation 
of highly intensive sampling grids in even smaller, 
special study areas. The United States Forest Service 
maintains a network of Experimental Forests and 
Ranges (EFRs) in which long-term ecological research 
is carried out, often with intensive forest monitoring. 

(the Luquillo Experimental Forest on Puerto Rico 
and Estate Thomas on St. Croix) and commonwealth 
forests (Guánica, Toro Negro, Monte Guilarte and 

these intensively studied and monitored forests into 
the surrounding forests island-wide.

meets the 10 percent minimum and forest land use 

point. At the time of writing, the NFI in Puerto Rico 
and United States Virgin Islands did not sample trees 

less than 10 percent canopy cover of tree species or 
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Characteristics of the sampling design for Puerto Rico and the United States Virgin Islands as of 2019

TABLE 23.5

Region/territory 
Total area 

(1 000 ha)

Number of sampling units

Forest Other wooded land Total

Puerto Rico

   Puerto Rico 865 098 243 243 486

   Vieques 13 431 33 19 52

   Culebra 3 359 12 5 17

   Mona 5 581 26 0 26

   Subtotal 887 469 314 267 581

United States Virgin Islands

   St. Croix 21 375 30 31 61

   St. John 4 895 16 7 23

   St. Thomas 6 980 15 17 32

   Subtotal 33 251 61 55 116

Total 920 720 375 322 697

23.5 SAMPLING UNIT DESIGN

The nationally consistent FIA plot design consists of a four-plot cluster 

centres of each plot, so the total SU footprint roughly encompasses an area of 

as location (coordinates and political descriptions), slope, elevation, forest type, 
ownership, stand size class and many other descriptors relevant to the NFI. For 
details on the data collected, see USDA Forest Service (2020). All trees within 

presence of damages, and quality in terms of timber production. Field crews 

a 2.1 m radius subplot nested within each plot. They also identify and count all 

In addition to the standard NFI sample SU data collection described above, a series 
of additional data collection protocols that are used to assess and monitor forest 
health can be implemented on the FIA plot footprint. Field guides and processing 
routines have been developed to assess forest soils, down woody materials, crown 
condition and health, understorey vegetation and forest lichen diversity. 

Source: Prepared by the authors.



 

Sampling unit configuration of the National Forest Inventory used by the United States Forest Service Forest Inventory and Analysis 

Program in Puerto Rico and the United States Virgin Islands

FIGURE 23. 3

Source: USDA Forest Service. 2020. Forest Inventory and Analysis National Core Field Guide. Vol. 1: Field data collection procedures for Phase 2 plots, Version 9.0. Washington 
DC, USA, USDA Forest Service.
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The processing of NFI data collected in Puerto 
Rico and the United States Virgin Islands is 
consistent with that used by the FIA Program 
nationally. Extensive, detailed documentation of 
these procedures and systems can be found at the 
FIA Library website (
sampling/index.php), as well as in numerous other 

to central servers, a national data processing and 
storage system, and publicly accessible database 
with the NFI results.

using customised software, the Mobile Integrated 
Data Acquisition System (MIDAS), which features 

download the list of SU they are assigned to measure 
from the FIA servers to their PDRs. For SU that have 
been previously measured, past information is also 
downloaded. As data are being collected on the 
plot, the programme has numerous range and logic 
checks to assist with data quality assurance.

Once data are collected on a SU, they are transmitted 
via the internet to FIA servers. From there, data are 
loaded into the National Information Management 
System (NIMS) for processing and storage within 
an Oracle relational database. Various estimation 
procedures are performed by modules run on the 

like tree volumes, biomass and carbon, as well 
as to calculate the expansion factors that will be 
used to expand tree and SU values into population 
estimates. Some NIMS modules needed considerable 
expansion to incorporate the forest inventories of 
these Caribbean islands, principally the master tree 
species list and references to the volume, biomass 
and carbon equations to be applied for each species. 
It was necessary to add all tree species that could 
potentially be found on these Caribbean islands 
to this species’ reference table. The United States 
Department of Agriculture’s (USDA) Plant List of 
Accepted Nomenclature, Taxonomy and Symbols 
(PLANTS) database (https://plants.sc.egov.usda.
gov/
and nomenclature source. Prior to the addition of 
the Caribbean tree species (and later additions of 

reference table. Incorporating the Caribbean islands 

this table.

The FIA Program uses data from a spatially balanced 
sample of inventory SUs to estimate various forest 
parameters, including forest land area and tree 
attributes such as volume and number of trees. 
The inventory was designed to produce acceptably 
precise estimates of key parameters for relevant 
geographic areas (subpopulations), which are termed 
estimation units. These include states, multicounty 
areas, National Forests, or other areas of interest. 

typically using strata formed from categorical maps 
based on remote sensing data, is used to improve the 
precision of estimates (Scott et al.
maps are formed in various ways in different 
regions, but generally are based on maps of land 
cover (canopy cover proportions or forest/non-forest 
designation). They can also include other maps such 
as ownership or other wall-to-wall layers. The post-

its stratum identity based on geographic location, 
calculating stratum means and variances from 
SU-level values, and using stratum weights (from 
the stratum area proportions within the estimation 
unit) to create weighted, combined estimates for 
the attribute and its variance within the estimation 
unit (Scott et al.

national land cover map made from satellite imagery. 
As this land cover map does not include the United 
States Virgin Islands, simple random sampling is 

Prior to estimation, raw data are analysed for errors 
and processing steps are applied, such as calculation 
of computed variables like tree volume and biomass, 
as well as adjustments to handle nonresponse. 
One component of the estimation process is the 
generation of SU-level values from the constituent 
data elements. For example, plot-level totals of tree 
volume per acre or number of trees per acre, as well 
as proportion of different land type classes, are 
generated.  Land type proportions are calculated by 
mapping the areas of various land type variables 
(ownership, land cover, land use, stocking class, 
etc.) on each plot. These plot-level totals are used to 
generate means at the stratum and estimation unit 
level, as described above; these mean values are then 
multiplied by the known areas of the estimation 
units to arrive at values for total amounts of each 
attribute.

23.6 CALCULATION OF LAND AREA, 
VOLUME AND BIOMASS



 

Equations used for predicting total stem volume in Puerto Rico and the United States Virgin Islands

TABLE 23.6

Species group Equation Source

Eastern non-commercial 

hardwoods

V =  + 0.002494 ( Dbh
2 HT ) Oswalt and Conner (2011)

Miscellaneous conifers V =  + 0.002813 ( Dbh
2 HT ) Oswalt and Conner (2011)

bark (DOB), or to where the central stem breaks into limbs all of which are less than 10 cm DOB. V = total stem volume (in cubic feet); Dbh = diameter in inches at 1.37 
metres; HT = total tree height in feet.
Source: Oswalt, C.M. & Conner, R.C. 2011. Southern forest inventory and analysis volume equations user’s guide. General Technical Report SRS-138. Asheville, USA, USDA 
Forest Service, Southern Research Station.

Individual tree volume, biomass and carbon 
are estimated using the standard FIA national 
methodology and suites of equations documented 

et al. 
(2011). Essentially, inside bark tree volumes are 
estimated using a conventional linear regression 
model. This is the net volume of wood in the central 

diameter outside bark (DOB), or to where the central 
stem breaks into limbs all of which are less than 

volume is estimated using two generic equations for 
non-commercial hardwoods and unknown conifers 
(tree species for which genus or species-level 

Equations used for predicting above- and below-ground biomass in Puerto Rico and the United States Virgin Islands

TABLE 23.7

Forest life zone or species Equation Source

Lower montane wet and rain forest AGB Dbh
2 HT Weaver and Gillespie (1992)

Subtropical wet and rain forest AGB = e(0.950 × lnD    H  – 3.282)t
2
 bh

Scatena et al. (1993)

Subtropical moist forest AGB = e(–1.71904 + 0.78214 × ln D    + H  )2
bh t Brandeis et al. (2006)

Subtropical dry forest AGB = e(–1.94371 + 0.84134 × ln D    + H  )2
bh t Brandeis et al. (2006)

Bucida buceras, all forest-type groups AGB = e(  +  × ln D    + H  )2
bh t Brandeis et al. (2006)

Prestoea montana, all forest-type groups AGB = 10.0 +  × HT Frangi and Lugo (1985), Brown (1997)

Rhizophora mangle, mangrove AGB = 125.957 × (Dbh
2 HT

0.8557 ) 1000 Cintrón and Schaeffer-Novelli (1984)

Laguncularia acemose, mangrove AGB = 70.0513 × (Dbh
2 HT

0.9084 ) 1000 Cintrón and Schaeffer-Novelli (1984)

Avicennia germinans, mangrove  AGB = 0.14 × Dbh
2.4 Fromard et al. (1998)

Below-ground biomass, all forest types BGB = e(–1.0587 +  × ln (AGB)) Cairns et al. (1997)

Notes: Above-ground biomass is in oven-dry kilograms of all live above-ground tree parts, including stem, stump, branches, bark, seeds and foliage, as estimated from 

biomass (Cairns et al., 1997). AGB = above-ground biomass in oven-dry kilograms; Dbh = diameter in centimetres at 1.37 metres; HT = total tree height in metres; BGB = 
below-ground biomass in oven-dry kilograms.
Source: Brandeis, T.J., Delaney, M., Parresol, B.R. & Royer, L. Forest 
Ecology and Management, 233(1): 133–142.; Brown, S. 1997. Estimating biomass and biomass change in tropical forests: A primer. FAO Forestry Paper 134. Rome, FAO.; 
Cairns, M.A., Brown, S., Helmer, E.H. & Baumgardner, G.A. 1997. Root biomass allocation in the world’s upland forests. Oecologia, 111: 1–11.; Cintrón, G. & Schaeffer-
Novelli, Y. Ciencia Interamericana, 25: 4–15.; Frangi, J.L. & Lugo, A.E. 1985. 

Ecological Monographs, 55(3): 351–369.; Fromard, F., Puig, H., Mougin, E., Marty, G., Betoulle, J.L. & Cadamuro, 
L. 1998. Structure, above-ground biomass and dynamics of mangrove ecosystems: new data from French Guiana. Oecologia, 115: 39–53.; Scatena, F.N., Silver, W.L., 
Siccama, T., Johnson, A. & Sanchez, M.J. 
after Hurricane Hugo, 1989. Biotropica, 25(1): 15–27.; Weaver, P.L. & Gillespie, A.J.
Commonwealth Forestry Review, 71(1): 35–39.; 

equations were never developed) found in the 
south-eastern continental United States of America 

biomass equations were derived from published 
literature with preference given to those that were 
developed from data collected in Puerto Rico (see 

forest biomass allometric equations were lacking, 
thus some destructive sampling and equation 
development was done and documented in Brandeis 
et al.
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23.7 RESULTS OF THE MOST RECENT 
NATIONAL FOREST INVENTORY

23.8 IMPLEMENTATION AND 
QUALITY CONTROL

The results presented in this section are based on the 

the United States Virgin Islands. 

After a phase characterized by a high rate of forest 
cover increase in Puerto Rico, shown by the forest 

has transitioned to a phase of forest cover steadiness 

in net volume, live tree above-ground biomass, and 
live tree carbon. This trend indicates a tendency 
towards mature stages of development within the 
secondary stands that typically characterize Puerto 
Rican forests. Nevertheless, between the last two 
inventories in Puerto Rico, forest stand volume and 
live tree biomass and carbon remained relatively 
stable. This is noteworthy considering the passage 
of hurricanes Irma and María through Puerto Rico 

determine if forest structure will eventually change, 
considering that some stems that were structurally 
affected by the storms showed lower foliage densities 
than pre-hurricane values that are considered as 
normal to support their wood biomass.

The total forested land estimated for Puerto Rico 

is associated with a net volume (trees at least 

The FIA Program has Quality Assurance and Quality 
Control (QA/QC) procedures in place all through the 

in the Quality Assurance Fact Sheet (Pollard, n.d.). 
All of these national FIA procedures are applied to 
data collected in Puerto Rico and the United States 
Virgin Islands. Formal management procedures guide 
programme development, national standardization 
and proposed changes. The programme makes 

database structure, estimation procedures, etc. to 
ensure transparency. Field crew members must 

before being allowed to collect data for the 
FIA Program.

Currently, the FIA Program nationally has a gender 

For the southern region, under which responsibility 
for the Puerto Rico and United States Virgin Islands 

DBH). Values of live tree above- and below-ground 

In the United States Virgin Islands, the overall forest 

inventory, but forest stands increased in net volume, 
live tree above-ground biomass, and live tree carbon 

suggests, as is the case of Puerto Rico, a trend towards 
mature stages of development within forest stands, 
the ongoing fourth forest inventory of the United 
States Virgin Islands will enable us to interpret if the 
passage of hurricanes Irma and María resulted in a 
meaningful effect on the current status of the United 
States Virgin Islands’ forests. 

The total forested land estimated for the United 

land area. Values of net volume of live stems show 

above-ground biomass. Values of live tree above- and 

in the forests of the United States Virgin Islands 

Once new data are processed, sets of population 
estimation tables are produced for review by 
FIA analysts and selected stakeholders. If no 
problems are found, the data are posted to the 
publicly accessible FIADB where online tools 
allow users to query the data and generate forest 
resource tables and maps (links to which can be 
found at ). The FIA 
database documentation and population estimation 
procedures are available at the national FIA library 
website (
documentation/index.php#FIADB).



 

Results of the National Forest Inventory for Puerto Rico (2019) 

TABLE 23.8

Variable
Result (percent sampling 

error)
Description

Area  467.32 ± 16.40  Forest land, thousand hectares

Volume  38.28 ± 2.80  Million cubic metres, in trees at least 12.5 cm diameter at breast height (DBH)

Biomass  37 546.46 ± 2 402.97  Live tree above-ground biomass, thousand oven-dry tonnes, in trees at least 2.5 cm DBH

Carbon  22 482.14 ± 1 434.36  Live tree above- and below-ground carbon, thousand tonnes, in trees at least 2.5 cm DBH

Source: Prepared by the authors

Results of the National Forest Inventory for the United States Virgin Islands (2014)

TABLE 23.9

Variable
Result (percent sampling 

error)
Description

Area  19.01 ± 1.65  Forest land, thousand hectares

Volume  0.59 ± 0.11  Million cubic metres, in trees at least 12.5 cm diameter at breast height (DBH)

Biomass  919.50 ± 111.90  Live tree above-ground biomass, thousand oven-dry tonnes, in trees at least 2.5 cm DBH

Carbon  554.85 ± 67.19  Live tree above- and below-ground carbon, thousand tonnes, in trees at least 2.5 cm DBH

Source: Prepared by the authors

works in the islands consists of two men and one 
woman, plus one male analyst.

logic and range checks designed to minimize 
the recording of erroneous data while production 

cruisers acting as auditors visit up to 8 percent of 
the plots. Measurements of continuous data such 
as DBH, tree height, azimuth and distance to trees 
are evaluated based on percent attainment of 
measurement quality objectives presented in the 

(bias) is tested between auditors and production 

auditors with the production crews present with 
the objective of providing immediate feedback and 

production crew present, but with the data they 

collected. This process controls the quality of the 
data being collected by the production crew and the 
information gained is used to propose improvements 

plot without the data from the production crew, 

measurement of uncertainty and information on the 
repeatability of the variables themselves that can be 
used to continually improve the programme.

to the FIA database, it undergoes another series of 
automated and manual checks. Questionable data 

data are only made when the cause for the error 
is obvious (transposed numbers, for example) and 

or discarding data is very rarely done. Once all the 
data have passed the checks, they are processed, and 
population estimates produced. Sets of review tables 
are generated for review by resource analysts and 
key partners familiar with these forests before their 
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23.9 OTHER RELEVANT 
VARIABLES COLLECTED

Supplemental data collection protocols have been designed to address special 
forest structural characteristics and the need for detailed information on forest 
regeneration, as well as to allow for more in-depth monitoring of forest health 

at all times, they can be applied when circumstances call for them and resources 

programme, database tables and processing algorithms and population estimation 
procedures already in place and ready for implementation.

In forests where large diameter, widely spaced trees are prevalent, ensuring an 
adequate sample of these requires expanding the total sampled area within each 

of expanded data collection protocols capture more detailed information on tree 
seedlings found within the nested regeneration microplots within each of the four 
subplots.

The supplemental forest health monitoring data collection protocols include 
those for down woody materials, tree crown condition assessment, lichen survey, 

understorey vegetation assessment focused primarily on structural characteristics 
and the predominant plant species present. In Puerto Rico and the United States 
Virgin Islands, down woody materials data are regularly collected on a subset 
of the forested plots and have also been collected on plots recently impacted by 
hurricanes as part of special studies. Soil sampling has been done on this same 
subset in 2001 but these data are no longer collected. Full vascular plant surveys 
have been done in two special study areas, the Virgin Islands National Park on St. 
John, United States Virgin Islands, in conjunction with a neotropical migrant bird 

Puerto Rico (Brandeis, Meléndez-Ackerman and Helmer, 2012).

The FIA Program also has protocols for conducting urban tree inventories currently 
applied to cities in the mainland United States of America. Early versions of this 
data collection and plot remeasurement within the San Juan Bay watershed’s 
estuary (which encompasses most of metropolitan San Juan, Puerto Rico) are 
described in Brandeis et al.
of San Juan’s urban trees with a new, expanded sampling design. The next forest 
inventory for the United States Virgin Islands will be done using a combination of 
the previously implemented NFI methods plus urban forest inventory methods on 
those sampling points that do not meet the minimum tree canopy cover (10 percent) 

inventory of trees on all lands for those islands. 



 

23.10 FUTURE PROSPECTS 

The prospects for the NFIs in Puerto Rico and the United States Virgin Islands are 
promising because they are providing unique and valuable information with each 
remeasurement. The public availability of the data, its compatibility with FIA data 
collected everywhere in the United States of America and its territories, transparent 
methodology, extensive, detailed documentation, and the availability of technical 
assistance and data interpretation have contributed to a growing, diverse number 
of FIA data users. Still, improvements can be made to increase the NFIs’ value even 
more, particularly relating to the impacts on and vulnerability of Caribbean forest 
ecosystems to climate change.

Growth rates of most of the Caribbean subtropical species measured by these NFIs 
et al.

to improve on the subtropical tree species volume, biomass and carbon equations 
so that it does not rely so heavily on generic equations for its carbon storage and 
sequestration estimates. The NFI also needs to increase in both frequency and 

monitor forest vegetation community dynamics also needs to be strengthened with 
a greater implementation of non-tree vascular plant surveys. Expansion to include 
trees in non-forest areas like urban and agricultural lands will be vital in the future. 
Large portions of these islands are densely populated and land uses are spatially 
complex and fragmented. Failing to capture the trees in these non-forest areas 
greatly underestimates the ecosystem services they provide island populations.

The FIA Program must also make greater use of remotely sensed imagery and 
ancillary data sources to supplement and strengthen the current NFI assessments. 

by extrapolating from the on-the-ground FIA plot network. This imagery can also 
help provide better estimates in smaller areas with inadequate numbers of FIA 
plots, or areas whose shapes are challenging to sample well with the FIA grid-based 
sampling system, such as mangrove forests, riparian areas and mountain tops. 
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