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EXECUTIVE SUMMARY

In December 1999, issues were raised about the effectiveness of the current national Forest Inventory and Analysis and Forest Health Monitoring programs in meeting the inventory information needs of the tropical island groups.  Associate Chief Hilda Diaz-Soltero commissioned a task force to evaluate the current inventory systems, the needs of the national programs and the needs of the local island groups, and make recommendations for conducting a national strategic inventory in the tropical islands.

There were several activities underway that contributed to this report.  The Southern Research Station had begun planning for the 2001 inventory of Puerto Rico, the Pacific Northwest Research Station had begun an Inventory Needs Assessment for the Pacific Islands, the state of Hawaii had begun work on a “State of Hawaii’s Forests” report, and the International Institute of Tropical Forestry had begun work on a “State of the Caribbean Forests” report. This background information and national program documentation were used to identify objectives for the National Strategic Inventory and the local island groups.  Existing methods and protocols were reviewed and additional methods and protocols were suggested. Geographic scale was the most significant problem identified throughout the project.  The small island size and the high degree of ecological diversity within the small area made the existing inventory program insufficient to provide precise estimates for the island groups. Three alternatives were developed which address a range of situations:  the existing mainland program, an intensified mainland program, and an intensified mainland program with additional analysis.

Evaluation of these three alternatives revealed that a higher intensity of field plots is needed even to meet national objectives.  Most objectives could be met by tripling the intensity of the ground plots, but this more than doubled the cost of the program.

Overall recommendations from this task force follow:

1) A higher intensity of field plots is necessary to provide precise estimates for island groups (a 3x intensity was recommended based on experience in Puerto Rico).

2) Current methods and protocols will work with some adaptation of codes for tropical species and plot design on small atolls,

3) Using the national design, methods, and standards creates significant cost savings and greater timeliness in the data processing, compilation, documentation, and analysis phases of the inventory,

4) Greater use of remote sensing will make the inventory more efficient,

5) Given the complexity of the logistics and the frequency of change a 5-year periodic cycle for phase 2 and twice that for phase 3 would be efficient, but given funding levels using a 10-year cycle to start with a goal of reducing it to 5-years is acceptable,

6) Integrated analysis of tropical island issues is critical to the success of the program,

7) Implementation must be coordinated with local organizations and agencies as well as between the Southern and Pacific Northwest Stations.
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INTRODUCTION

Since the 1930s the U.S. Forest Service has been conducting a comprehensive inventory and analysis of the Nation’s forest resources.  The Forestry Research Act (McSweeney-McNary) of 1928 directed the Secretary of Agriculture to make and keep current a comprehensive inventory and analysis of the Nation’s Forest Resources.  The Resources Planning Act of 1974 (RPA, PL 93-378) amended an earlier research act and directed the Secretary of Agriculture to “make and keep current a comprehensive inventory and analysis of the present and prospective conditions and requirements for the renewable resources of the forest and rangelands of the United States and cooperate with the appropriate officials of each State, territory, or possession of the United States.” The Forest and Rangeland Renewable Resources Research Act of 1978 (PL 95-307) which replaces the earlier Forestry Research legislation, repeated the amendment contained in the RPA and instructs the Secretary “…to obtain, analyze, develop, demonstrate, and disseminate scientific information about protecting, managing, and utilizing forest and rangeland renewable resources in rural, suburban, and urban areas.”  The Forest Ecosystem and Atmospheric Pollution Research Act of 1988 (PL 100-521) directed the Secretary of Agriculture to “…increase the frequency of forest inventories in matters that relate to atmospheric pollution and conduct surveys as are necessary to monitor long-term trends in the health and productivity of domestic forest ecosystems.”   The Agriculture Research, Extension, and Education Reform Act of 1998 (PL 105-185) revised the previous mandate to provide annual states inventories with data collected in each state each year, 5-year reports for each state and nationally including an analysis of forest health, and national standards and definitions including a core set of variables to be measured on all sample plots.   

The national level inventory has been implemented in Puerto Rico and Hawaii in the past, but recently issues have been raised about the effectiveness and utility of the data collected.  Concerns about the comprehensiveness of the inventory as well as the scale, intensity, and frequency prompted an evaluation of the objectives, techniques, and methods as they relate to tropical island forests.

It has long been recognized that forested lands on tropical islands are unique because of the high complexity and biological diversity that are found on very small land bases.  On islands, ecosystem components change dramatically with elevation and topography, creating challenging conditions for conducting a strategic inventory of forest resources.  

There is a strong need to create awareness among island residents, state/commonwealth legislatures and federal agencies of the uniqueness of island ecosystems and the significant ecological changes that they have been experiencing recently, manifesting themselves in changes in land cover, land use, and biological diversity.  Reports on forest condition will be most useful in creating public awareness and crystallizing action if they bring together available information describing the current situation and recent trends; point out what the future will be like if the trends are allowed to continue unchanged; build the case that with better information resource managers can take steps to reinforce desirable trends and mitigate undesirable trends; and highlight inventory and monitoring activities needed to fill gaps, improve data quality, and enable resource managers to influence trends in preferred ways.

While the inventory and monitoring program proposed for the islands must be tied to the core Forest Inventory and Analysis and Forest Health Monitoring programs and provide consistent data for national reporting (e.g., the 2003 Report on Sustainability, the next RPA Assessment), the uniqueness of the islands may require different levels of intensification, a different frequency, or different variables and measurement protocols.  The nature of island environments and rugged mountain terrain may mean an increased emphasis and investment in remote sensing technology over field visits.   And expanded use of remote sensing for areas beyond forested ecosystems.  Innovations piloted in the islands could lead to improvements in the FIA technologies on the mainland.  Whatever tropical forest inventory base program and enhancements are recommended, they should be applicable to Hawaii, Puerto Rico, the U.S. Virgin Islands, Guam, the Northern Mariana Islands, American Samoa, Federated States of Micronesia, Republic of Marshall Islands, and Palau.  Throughout the report we will refer to each of these political entities as an Island Group.

The specific goal for this paper is to develop a plan for long-term monitoring of insular tropical forest ecosystems through development and design of inventory and monitoring protocols that meet the needs of tropical islands for integrated forest inventory and analysis and forest health monitoring.  The quality of the products resulting from the application of these protocols should meet or exceed the standards for forest inventory and analysis, and forest health monitoring, being conducted in the continental U.S., although it may be necessary to modify those standards due to the unique characteristics and logistical issues associated with tropical islands.

The draft paper, including budgetary information, will be presented to the FIA Executive Team in October of 2000, and to the Associate Chief by November 2000.  The final draft will present standards to be followed beginning in calendar year 2001, pending availability of the necessary funds.

UNIQUE ISSUES RELATING TO INSULAR TROPICAL FORESTS

Several activities, either on-going or recently completed, can provide information about the unique issues that tropical island forests face.  The PNW Research Station has recently received a completed Information Needs Assessment for a subset of the Pacific Islands, the State of Hawaii is currently working on the development of a “State of Hawaii’s Forests” report, and the International Institute of Tropical Forestry has developed information relating to the Criteria and Indicators for Puerto Rico and Virgin Islands.  

The Information Needs Assessment for Hawaii, Guam, and the Republic of the Marshall Islands
-- As with much of the world’s forests, external factors are having a significant effect on the health and sustainability of the island forests.  Increasing population growth and human activity is putting increasing pressure on the natural resources and native ecosystems.  The native ecosystems have been greatly altered through deliberate actions such as replacing native forests with coconut plantations and introducing alien plant and animal species.  Because of the differences in physical, cultural and institutional factors among the island groups, there are issues that are unique to each Island Group and some that are common to all.  Needs identified by the INA process include 1) trend or monitoring information was considered more important than a current inventory, 2) a comprehensive inventory should include all ecosystems not just forest, 3) the inventory should include many aspects of the ecosystem in addition to trees.

The Hawaii Tropical Forest Recovery Task Force of 1994 determined that the first major step to restoration of Hawaiian ecosystems would be to develop an understanding of the ecosystems and the influences on them.  Significant effort has been undertaken to research the biology of alien species and native species at risk, the dynamics of native communities, interactions of introduced animals and native plants and the extent and condition of the native and alien biota in the Islands.  An overriding theme in Hawaii was the need to conduct the inventory in partnership with the local organizations and individuals involved in related projects.  The second major concern in Hawaii is simply that the diversity of the ecosystems and conditions is so great that the normal intensity of the FIA program is not sufficient to provide useful information at the State scale.

The main issues in Guam can be divided into those that relate to the north and south.  In northern Guam issues include changing vegetation type on critical watershed areas and Chamorro Land Trust developments.  In southern Guam wildfire in swordgrass savannas is the dominating management problems creating the need for more information on swordgrass flammability, re-vegetation of burned areas, status of tree regeneration and survival in swordgrass savannas, and changes in area and makeup of ravine forests.  In addition, Guam has an active GIS program that has generated many layers needed for planning, but they lack a vegetation layer.

A primary issue in the Marshall Islands is the condition of the coconut palm trees.  The copra industry (which produces the dried meat of the coconuts) is a main revenue industry for the Islands.  Recent studies have produced conflicting results regarding the senescence of the coconut trees.  Additional issues revolve around understanding the role of the native vegetation in island stabilization, as habitat, and for traditional cultural uses. 

Hawaii – The Hawaii Division of Forestry and Wildlife (DOFAW) is currently developing a report on the state of Hawaii’s forests.  The framework for this report will be the Criteria and Indicators developed through the Montreal Process.  Early work has determined the availability of data to address the criteria and identified areas where there are gaps or inconsistencies in the available data throughout the state.  They plan to have two publications, one on the status of the available data and one that summarizes the data as they relate to the Criteria and Indicators.  The report will emphasize Hawaii’s mountains to sea approach to watershed and natural resource management. Further information can be found at the DOFAW website (www.hawaii.gov\dlnr\dofaw)

Ecological Economics Assessment of Hawaii’s Forests

There is great need to inform the general citizenry and policy makers in Hawaii of the many values of the State’s forests.  In recognition of this need, the Forest Service’s Institute of Pacific Islands Forestry and the East-West Center have engaged in a cooperative effort to do research on assessing the worth of Hawaii’s forests.  This work will build on a pilot effort funded through Hawaii’s Secretariat for Conservation Biology in 1998-99 involving University of Hawaii scholars.  The choice of the East-West Center as a partner in this research effort stems from that organization’s recognized strengths in the social sciences, including resource economics.  The key collaborator is Dr. Deanna Donovan.  A post-doctoral research associate began full-time work on this effort in August 2000.  Plans are underway to convene a workshop involving local, national, and international scholars and practitioners in the area of resource evaluation, in an attempt to ensure that subsequent efforts best meet Hawaii’s needs.  

Anticipated outputs are of two kinds:  scholarly contributions of significance to the discipline of ecological economics, and practical evaluations of local forests that can be effectively communicated to policy makers.  The effort is expected to last approximately two years, funds permitting.

Puerto Rico – The International Institute of Tropical Forestry through its State and Private Forestry program is currently developing a report on the state of the Caribbean forests.  The framework for this report will be the Criteria and Indicators developed through the Montreal Process.  Early work has determined the availability of data to address the criteria and identified areas where there are gaps or inconsistencies in the available data throughout the commonwealth (Appendix 2).  

NATIONAL AND ISLAND OBJECTIVES OF THE STRATEGIC INVENTORY

A strategic inventory has a high probability of success when it is developed to meet clear objectives that are often a combination of national and state information needs.
National Objectives 

1. Evaluate the status, changes and trends in indicators of forest condition at the Island Group level.

2. Identify status and temporal trends of factors that relate to ecosystem health.  

3. Develop models to estimate future condition based on multiple management choices.

Island Objectives

4. Determine spatial trends in forest condition by ecosystem type.

5. The inventory-monitoring project should cover all ecosystems, not just forest, from seashore to mountaintop.

6. Inventory should provide a complete picture of all plants present at a location.

7. Describe the variation of forest structure and carbon storage within geoclimatic zones.

8. Understand the impact of past land use on forest regeneration, structure, and species composition.

9. Address the relevant Criteria and Indicators that deal with biological and physical attributes.

CURRENT NATIONAL STRATEGIC INVENTORY SYSTEMS 

Forest Inventory and Analysis

The Forest Inventory and Analysis (FIA) program consists of a nationally consistent core program that can be enhanced at the regional, state, or local level to address special interests.  The national core consists of three phases.  Phase one is a remote sensing phase aimed at classifying the land into forest and non-forest and taking spatial measurements such as fragmentation, urbanization, and distance variables.  This phase has historically been done using aerial photography, but is changing to a system based on satellite imagery. Phase 2 consists of a set of field sample locations distributed across the landscape with approximately one sample location (FIA plot) every 6,000 acres on a systematic grid.  Forested sample locations are visited by field crews who collect a variety of forest ecosystem data.  Non-forest locations are also visited as necessary to quantify rates of land use change.  Phase 3 consists of a subset of the phase 2 plots, 1/16th sample, which are visited during the growing season in order to collect an extended suite of ecological data including full vegetation inventory, tree and crown condition, soil data, lichen diversity, coarse woody debris, and ozone damage.

The data will be collected annually across the continental US.  This is a departure from the historic FIA approach of sampling states sequentially in a cycle.  Ultimately the goal is to be able to sample 20% of all field plots in every state every year.  As an initial step towards this goal, we are striving to sample 15% of plots in the eastern US and 10% of the plots in the western US every year as a base federal program.  Alaska, Hawaii, Puerto Rico, the Virgin Islands and other island groups will receive treatment as special cases not necessarily conforming to the general model.

Table 1. Forest area and inventory history.

	Island Group
	Number of Islands
	Total Area (acres)
	Forest Area (acres)
	Last Inventory


	American Samoa
	7
	49,280
	28,686
	N/A

	Commonwealth of Northern Marianas
	11
	113,280
	40,000
	N/A

	Federated States of Micronesia
	10 high islands
	149,804
	76,527
	1983

	Guam
	1
	135,680
	10,080
	N/A

	Hawaii
	8
	4,110,720
	1,980,000
	1987

	Palau
	10
	114,560
	77,241
	1987

	Puerto Rico
	1
	2,199,901
	710,156
	1990

	Republic of Marshall Islands
	5 Islands

29 Atolls
	45,000
	
	N/A

	US Virgin Islands
	3
	85,760
	
	N/A

	
	
	
	
	

	Total
	
	7,003,989
	
	


Forest Health Monitoring

The Forest Health Monitoring program is composed of four components:  Detection Monitoring, Evaluation Monitoring, Intensive Site Ecosystem Monitoring (ISEM), and Research on Monitoring Techniques (ROMT).   These components interact and complement to identify and monitor indicators of key ecosystem components and processes and evaluate the health and sustainability of forest ecosystems.  

The Detection Monitoring component consists of a network of permanent ground plots described above as Phase 3 plots on which environmental indicator measurements are made annually, and aerial and ground surveys of insect, disease, and other stressor effects that are made independently from the plot network.  Evaluation Monitoring examines the extent, severity, and probable causes of undesirable changes or improvements in forest health beyond those provided in Detection Monitoring.  ISEM identifies key components and processes of forest ecosystems, how these key components and processes are integrated, what can be expected from perturbations, what indicators can be used to represent the components and processes, and how to interpret data obtained from regional Detection Monitoring.  ROMT is research specifically directed to improve all three monitoring activities.

Other Federal and State Programs 

Many institutions conduct specialized inventories in the islands. Hawaii is a good example. The USGS Biological Resources Division (BRD) produces vegetation maps and surveys bird transects. The USDI Fish and Wildlife Service (F&WS) conducts habitat assessments, especially for threatened and endangered species. The USDI National Park Service (NPS) produces vegetation maps. The State Division of Forestry and Wildlife (DOFAW) conducts multi-resource inventories, including stand-level inventories. The Department of Defense produces vegetation maps and monitors threatened and endangered species. The Nature Conservancy (TNC) and the Bishop Museum maintain databases and map sightings for threatened and endangered species. A consortium of BRD, F&WS, DOFAW and TNC is conducting the GAP analysis, which identifies rare habitats and critical ecosystems that are unprotected. GAP includes extensive mapping of land cover and vegetation based on remote sensing. 

The National Resources Inventory (NRI), which is conducted by USDA Natural Resources Conservation Service (NRCS), currently surveys Hawaii, Puerto Rico, the Virgin Islands, Guam, Rota, Tinian, and Saipan. The NRI sampling design has some similarities to that of FIA, but the NRI mission is more oriented towards agricultural landscapes and non-forest wildlands. NRI uses large 160-ac plots as primary sampling units, each of which contain 3 smaller subplots for detailed measurements. Unlike FIA, the NRI frequently replaces expensive fieldwork with less-accurate interpretation of aerial photographs.

In addition to the USDA Forest Service, the USGS EROS Data Center, NPS, US Environmental Protection Agency (EPA) and F&WS are interested in extending the Multi-Resolution Land Characteristics (MRLC) Consortium into the islands
. This consortium shares the cost of acquiring data from the new Landsat​​-7 satellite for the entire USA. 
Many existing efforts include inventory and monitoring of forests on tropical islands. However, these efforts emphasize vegetation mapping with remote sensing and surveys of threatened and endangered species. None of the existing programs includes a scientifically valid sample of field plots with which forest conditions can be accurately measured in the field and used for a strategic assessment covering an entire island group. FIA is very well suited to fill this niche. However, the value of an FIA program in the islands would be further enhanced if integrated with existing efforts by other institutions.

STATUS OF INVENTORIES BY ISLAND GROUP

Puerto Rico—The main island was initially inventoried in 1980, an updated inventory was accomplished in 1985, and another full inventory was done in 1990.  However, these inventories were not complete.  First, in order to conform to general practices at the time for the Continental United States (CONUS), a definition of “timberland” was developed that excluded such items as public lands, dry forests, inaccessible areas, urban areas, etc.  In all the inventory work, only this category of “timberland” was measured on the ground (however, Phase I estimates covered the entire main island).  It should be noted that timber is an almost nonexistent use of Puerto Rico forests, at least at the present.  Moreover, none of the smaller islands have been inventoried.

For each of the inventory efforts in Puerto Rico, special protocols were used.  These included sample designs, various measurements, and codes that were specific to Puerto Rico and are not identical to existing national core variables.  Consequently, the data set for Puerto Rico is not identical to other data sets.  This presents special challenges when dealing with data compilation, analysis, documentation and special needs.  

U.S. Virgin Islands—No inventories have been done here.  There is some descriptive information developed by other agencies, and one reconnaissance by FIA personnel was done in the aftermath of Hurricane Hugo.  However, no data nominally resembling a FIA-type inventory have been developed.

Hawaii – The last statewide forest inventory, with ground plots, in Hawaii was done in 1960.  A 1970 inventory was primarily based on photo interpretation, with ground plots only on commercial forestland on Hawaii Island.  In the 1980s a multi-resource inventory was conducted on Oahu, Molokai, and Kauai.  1,986,400 acres of forestland were identified in 1970, about 48 percent of the total land area.  

Pacific Islands –Inventory on the other Pacific Islands have ranged from collecting data on ground plots to simply surveying vegetation.  American Samoa, Federated States of Micronesia, and Palau were inventoried using field plots in 1986-1988.  Surveys of vegetation have provided lists of existing plant species for most but not all of the outer Island Groups.

Feasibility Of Adapting Current National Strategic Inventory Systems To Meet Tropical Forest Needs

The Forest Inventory and Analysis program is designed to be strategic in nature.  The FIA strategic plan indicates that it should provide meaningful information at the multi-county, state, and larger scales.  It is not designed to provide meaningful information at the local level.  While “multi-county” and “state” have their clear meaning for most of the continental United States, because of the insular nature of the landmass, application to many tropical island groups may not be so straightforward.

For these island groups, it would seem that information of similar meaning would be desirable.  That is, for each multi-island state or commonwealth, information should be of similar reliability as is normally expected for smaller states in the CONUS.  The inventory would not necessarily, however, provide reliable data for each and every local ecosystem on any particular island or island group.  The basic responsibility of the FIA program is to inventory forestland areas.  While there is significant interest in the Islands to conduct an inventory across all ecosystems, this needs to be a coordinated effort with other agencies (NRCS National Resources Inventory, BRD, EPA, and others).  There is also the potential for regional add-ons to be negotiated with the local FIA unit.

Phase I – Remote Sensing

The traditional purpose of Phase I in FIA is to improve statistical efficiency through inexpensive remote sensing. Remotely sensed data are correlated with some indicators of forest condition, such as area of forest. However, remote sensing is not a substitute for field data because many important indicators cannot be reliably measured with remote sensing.

FIA uses aerial photography, but FIA is shifting towards Landsat satellite data in the CONUS. Aerial photography remains feasible for the larger islands; however, Landsat is a viable alternative, especially across vast archipelagoes. Cloud cover is becoming less of a problem because Landsat 7 is downloading and archiving a much larger number of images compared to Landsat 5. 

A non-traditional use of remote sensing in FIA includes measuring the extent of changes in forest cover caused by changes in land use, catastrophic events or afforestation. Change detection could address some objectives in forest inventory of tropical islands.

FIA could procure new aerial photography for large islands, as it did for Puerto Rico. The NRCS NRI also uses aerial photography for similar applications, which offers an opportunity for cost sharing between FIA and NRI, especially if the FIA and NRI sampling grids could be aligned over time. It would be much easier to align sampling grids in those tropical islands where neither FIA nor NRI have previously conducted surveys. 

National Technical Means (NTM) imagery is an alternative to civilian aerial photography. NTM imagery is especially appropriate for sample plots in extremely remote or hazardous locations. NTM imagery might be acquired each year for several hundreds of sample locations in the islands.  However, civilian use of NTM imagery is complicated by the need for secure facilities and equipment that meet standards of the intelligence community. NRI already uses a modest quantity of NTM imagery for CONUS, and partnership with NRI could improve chances of success in the islands. Aerial photography and NTM imagery would be feasible in extensive archipelagoes if acquired for a randomized sample of small islands.

The Multi-Resolution Land Characteristics (MRLC) Consortium acquires multi-seasonal Landsat data every five years for almost all parts of the USA. MRLC data are extensively calibrated by USGS to improve multi-temporal applications across numerous Landsat scenes. The Forest Service, USGS, NPS, EPA, and F&WS share costs, and each agency has full access to the entire set of Landsat data. USGS, EPA and NPS are interested in joining the Forest Service to add coverage across the Pacific islands
. There are further opportunities to share production costs for maps of land cover and change with Landsat data.

Phase 2 -- Ground Plots 

Intensity--There is a major concern about the minimum plot density for all of the islands groups.  As a minimum, the same grid system used in CONUS should be laid down and sampled, one plot per 6,000-acre hexagon.  Given the complexity of island vegetation and ecosystems, and rapid rates of changes on very small areas relative to the CONUS, the minimum sampling intensity is unlikely to provide meaningful estimates for the island groups.  There may be small areas that are of particular interest to the island groups and this sample would not necessarily provide precise estimates for those areas.  Additional resources would be necessary to provide estimates for small areas.  This would not be part of the base federal program, but could be added with additional funding from state or local partners.

Frequency--While the Farm Bill calls for measurement of 20 percent of plots each year in each state, the current policy is for 15% in the eastern US and 10% in the western US. The difference between the East and West was based on the historic funding differences as well as differences in changes in the resource (growth and mortality) and differences in disturbances (land development, harvest, fires, hurricanes). It is difficult to rationalize these same differences between the Pacific Islands and the Caribbean Islands.  Therefore the same frequency of re-measurement will be recommended for all of the island groups.

The application of annual inventory for insular tropical forest inventories does not appear to offer any great advantage.  This is because most of the islands are relatively small (perhaps as big as some counties in the CONUS, or smaller), the island groups are scattered over thousands of miles of ocean, and the logistical issues of inventorying these areas are large and totally different that those generally encountered in CONUS.  Therefore we are not recommending implementing an annual inventory.

There are significant forces of change in these tropical areas, including hurricanes or typhoons.  In areas where rainfall and soils are favorable, growth rates may be relatively high.  Given the ecological and economic (mostly non-timber) value of these forests, assessing change would therefore make it desirable to have fairly frequent re-measurement intervals.  Phase 3 plot re-measurement is nationally done on an annual basis and this still raises concerns given the sample size and accessibility; therefore we recommend visiting the Phase 3 plots twice within the Phase 2 cycle. 

Protocols--The same standards, definitions, and protocols as used in CONUS inventories should apply; additional codes for certain variables (such as forest type, species, etc.) should be used where needed.  The variables should be the same as the national core.  All items listed there would generally apply, both for Phase 2 and 3.  Field methods will also generally be the same. There will be the need to develop algorithms and review procedures to ensure that the protocols are applicable to the islands and that specific needs are addressed.  

Certain skills may be required above the national standards such as botanists to identify plants. Botanists with skills in plant taxonomy and field data collection are needed for the diverse flora found in tropical systems.   People able to handle the rigorous field conditions found in tropical systems (hot and humid climate, steep topography, heavy rains, poor access) that have a good knowledge of many of the tropical plant species will be necessary for any successful ecological inventory of tropical forests.  

Logistics--Logistics for conducting inventories in these island groups can be difficult, and often present challenges different from those typical of CONUS.  These difficulties relate to travel, lodging, and training for various aspects of the inventory.  Travel is difficult because many of these islands are remote, often with scheduled air service not available.  Furthermore, even in areas such as the main island of Puerto Rico, suitable vehicles sometimes may be difficult to find for rental.  It is not feasible to purchase vehicles for use, due to the nature of inventory work, and the vehicles cannot be moved readily (or cheaply) from island to island.  It is possible in some areas to collaborate with other agencies, both state and federal, to obtain suitable vehicles.  

Suitable lodging for crews is often difficult to obtain.  Conventional hotels and motels may not be readily available.  Therefore, in many instances it is necessary to work with local agencies and communities to obtain housing for field crews.

Many of the species in these island groups are unique, and sometimes may number in the hundreds.  For example, Puerto Rico has approximately 800 tree species and many more understory species.  In some cases, it may be feasible to hire local botanists to assist with plant identification.  In other cases, it may be more desirable to maintain a well-trained cadre of inventory specialists who have the ability to identify a wide range of tropical species.

In any event, the logistics for the inventory of insular tropical areas present many challenges and will be a factor that necessitates the careful planning of each inventory.  This need for extensive planning should be accounted for in the development of costs for these inventories.

Given the prevalence of hurricanes in the Caribbean region, the period June-November should be avoided for a couple of reasons.  There are definite logistical issues related to the possible occurrence of hurricanes, given the remoteness of some of these areas.  Crew safety could be an issue.  Also, given the distinct probability that hurricanes could rearrange the resource, having a portion of the plots pre-hurricane and a portion post-hurricane would probably not be a good idea if this situation could be avoided.  In the Caribbean area the period January through April generally has less rainfall and somewhat more favorable working conditions.  Therefore, the best work season would be January through April or May.  In the Pacific there are a range of conditions from fire and typhoon seasons in Guam to winter conditions on the high elevation areas of some Islands.  This contributes to the need for extensive planning and critical timing of field data collection, as well as the collection of photography.

Regional add-ons--The option to use existing regional add-ons, modify them, or add new ones for the insular tropical areas will remain available.  Examples of existing add-ons include measurements of understory vegetation (which could include invasive species monitoring), coarse woody debris and impacts of non-native mammals (pigs, cattle, sheep, goats), evidence of human activity, and soil organic matter.

Phase 3 – Ground Plots 

Intensity--Phase 3 plots are currently sampled as 1/16 of the phase 2 plots. Phase 3 in CONUS is designed to provide estimates for multi-state areas.  Similar to the description of phase 2 plots, the intensity used on the CONUS is unlikely to provide useful estimates for the island groups.  

Frequency--As with temperate ecosystems, the frequency of sampling phase 3 indicators in tropical systems will depend on the rate of change of the indicator in the system.  For example, soil structure usually changes very slowly and only needs to be measured once and then on a decagonal scale.   Soil erosion, and risk of soil erosion, involves several key factors, such as canopy cover and soil cover, that should be evaluated regularly, especially in high-risk areas such as steep slopes.   In general the recommendation is to sample 100% of the phase 3 plots twice in one cycle of the phase 2 plots.

Protocols-- The phase 3 ground plots are a subset of the phase 2 plots.  They have additional sampling areas for soils, lichens, understory diversity, down woody debris, and fuel loading.  Other differences include the evaluation of the foliage components of tree crown condition, and evaluation of ozone bio-indicator species.   The indicators, metrics, and purpose of the phase 3 indicators are found in Appendix 1.

Logistics--Evaluation of ground-based indicators on plots or in surveys is limited in tropical climes by the rainy weather and severe storms like hurricanes.   In addition, some areas have pronounced dry seasons when drought-deciduous species are barren and some of the Phase 3 indicators cannot be evaluated.

ISEM Sites 

Intensive Site Ecosystem Monitoring (ISEM), where long-term ecological research and monitoring of key ecosystem components and processes is conducted, is essential to develop additional tropical indicators and to understand the relationship between new and modified phase 2 and phase 3 tropical indicators and tropical ecosystems.   Understanding the relationship between indicators of tropical forest condition and the ecological processes that they indicate will be necessary to develop good, quantitative ecological thresholds to interpret poor-to-good condition in the forests, as measured by attributes on Phase 3 plots.  Establishing phase 2 and phase 3 plots at research watershed sites like Luquillo, Puerto Rico, will enable the development of models linking phase 2 and phase 3 indicators and ecosystem process such as biogeochemical cycling, photosynthetic efficiency, seasonal variances of indicators, water quality, etc.  Future development of ISEM sites will be explored as the Forest Health Monitoring program becomes fully funded.

Data Management 

Data management for tropical island inventories will be the same as the CONUS for the national core and regional add-ons.  This involves the use of portable data recorders, data edit procedures, compilation, reporting, and data base applications.  It is important that these data be readily accessible and comparable to other FIA data.  It is for this reason that methods and procedures should be the same or as closely allied as possible with the rest of the FIA program.  To the extent that data management is consistent with other processes already available in the SRS and PNW; development, documentation, and maintenance costs will be reduced and timeliness will be enhanced.  This will also facilitate the incorporation of island information into national databases and national assessments.

Analysis

Areas of research that will be considered for the islands include socio-economic evaluation of market and non-market benefits, aesthetics, landowner intentions, along with more traditional work on status and trends of forestland condition, extent, and health.  A key area of interest to the islands is the evaluation of the International Criteria and Indicators of Sustainability.  The analysis of the inventory for the island groups will require special knowledge and skills that will be developed over time.  Collaboration with local island personnel, with other agencies and universities, and with researchers within the Forest Service will be extremely important.  

Additional National Efforts

The National Landowner Survey is part of FIA that is done in collaboration with State and Private Forestry and others.  The survey is conducted periodically on roughly a 10-year cycle.  Information is collected on area owned, management intentions, and beliefs and attitudes about how the land should be managed.   This would add information about landowners on many of the island groups and should be considered for implementation in the future.

RECOMMENDATIONS FOR METHODS THAT CURRENTLY ARE NOT USED IN THE NATIONAL STRATEGIC INVENTORY SYSTEMS 

Sampling Design

The FIA uses a systematic sampling frame, with approximately one FIA field plot per 6000 acres. FIA standards for statistical accuracy use a baseline of 1,000,000 acres of timberland. However, island groups are much smaller than most Inventory Units in CONUS. If the standard FIA sampling grid is overlaid onto the islands, there would be very few FIA plots within most island groups, and the statistical accuracy would be very poor. While remote sensing can improve efficiency for some indicators, such as forest area, remote sensing does little to improve efficiency for indicators that must be measured in the field, such as tree damage. The only way to improve accuracy for all indicators is to increase the number of field plots in each island group. Therefore, inventories of island groups must consider increasing the number of plots per acre relative to the standard in CONUS. For example, Puerto Rico already has 3 times the density of plots compared to CONUS.

The FIA sampling grid was developed for contiguous expanses of forested landscapes that are common in CONUS. This concept is applicable to the larger islands of Hawaii and Puerto Rico, assuming appropriate intensification of the grid. However, this grid is too sparse in the archipelagoes if we want to estimate the number of islands within different categories of conditions. As an alternative, we could draw a randomized sample of individual islands within an island group, and sub-sample each of these islands with FIA field plots. For example, the Marshall Island Archipelago contains 1,191 islets. We could draw a randomized sample of 50 of these islets, and then measure the indicators of forest condition on 3 FIA plots on each of these 50 islets.

Each island group has rare ecosystems that are extremely important for management and conservation. The base FIA grid will not be sufficiently intensive to accurately estimate conditions for each rare ecosystem. This situation exists in the CONUS as well as the islands. More plots could be installed on a finer grid within a sub-region (e.g., a 2.5-km grid interspersed within the 5-km grid), or a random sample could be drawn within areas mapped as the rare ecosystem. Regardless, the solution requires more field plots. FIA can use multiple sampling grids, each of which is specialized for different assessment questions.  

FIA uses a circular 1-ha plot that contains a cluster of 4 1/24th-acre sub-plots, each of which is separated by 120-feet on a triangular grid. This plot spans about 200 feet. However, the distance between the seaward and lagoon boundaries on some atolls can be less than 200 feet. Also, atolls often have substantially different bands of vegetation over short distances. Ecologists often use transects in these conditions. It is possible to “straighten-out” these 4 FIA subplots into a linear cluster plot that resembles a transect. However, this requires an exception to a topical policy decision in FIA, which is intended to assure national consistency in FIA methods
. 

Exceptions to the standard FIA protocols are always possible. However, exceptions require more development, maintenance and documentation costs. Exceptions can also degrade timeliness of data processing. For example, NRI modified their standard plot design for use in Guam. Processing of data from Guam requires special procedures in their database. When demand for new data processing for CONUS is high, the data for Guam are often considered a low priority. If NRI had used their standard design in Guam, then the results for Guam would have been produced as quickly as those for CONUS.

Indicator Development and new techniques

There is a process for development of new indicators through the existing national FIA working groups for data acquisition, information management, remote sensing, statistical design, and analysis.  New indicators will be developed to include techniques that are applicable to the Islands as well as the CONUS.   This system can be used to develop additional methods and techniques relating to specific tropical island issues if and when they are raised.  For example this could include a comparison of transects vs. plots, vascular epiphytes, canopy opening, soil erosion and others. These needs will be treated similarly to indicator development for the CONUS and must be a trade off with existing resources for developing and implementing new indicators.  

Remote Sensing 

The National Technical Means Program (NTM) includes different types of remotely sensed data, although the details are classified. However, some indicators of forest conditions on tropical islands might be measured using specialized NTM capabilities. Research is possible in cooperation with the National Advanced Remote Sensing Applications Program, through which the USGS assists civilian federal agencies requiring access to classified data and technologies. This assistance is coordinated through the Civil Applications Committee and reports to the Director of Central Intelligence. This research is especially relevant to tropical archipelagoes because the USDA and the Committee on Environment and Natural Resources are interested in integration of FIA and NRI data. As already discussed, inventory and monitoring of the islands can benefit from cooperation and cost sharing between FIA and NRI. Since FIA plots do not yet exist on most islands, FIA and NRI plots could be co-located in a non-disruptive fashion. Co-location would reduce costs of acquiring a time-series of aerial photography or NTM imagery, which could be used to measure acreage of different types of land cover, land use, and changes among those types. The islands could serve as a pilot study with potential applicability to CONUS.

ALTERNATIVES

Three alternatives were developed which range from the current base national program to a program designed to intensify plots for the islands based on their complexity and small size, to a program that intensifies the collection and analysis of information deemed important for assessment of resources on tropical islands.  These three alternatives were then compared to the objectives stated earlier.   

Low

This would extend the current national program at the same intensity across the tropical islands.  It would include all three phases of the FIA program with a re-measurement cycle of 5 years.  There would be an exception to the annual inventory requirement and all phase 2 plots would be measured during a 1-2 year period within an island group.  In addition 100% of the phase 3 plots would be measured twice per cycle.  The program keeps the same plot design, measurement protocols, compilation and analysis of the data as is common to the FIA program on the CONUS.  This would include participation in the national landowner survey, coordination with USGS to purchase Landsat imagery, and development of protocols and algorithms where needed for the islands. Analysis would be done to develop models to estimate future conditions and trends in forest condition.  The inventory would be conducted on all forestland within the Islands. The possibility for regional add-ons would be included similar to the program on the CONUS.  The reporting protocols would be the same as the national program.  Data would be included in all national reporting including RPA, and national databases.  Wherever possible the resources employed to operate across all the islands would be equalized over the 5-year cycle. 

Medium

This includes all components of the FIA program as described in the low alternative.  It would include all three phases of the FIA program and there would be an exception to the annual inventory requirement and the islands would be re-measured on a periodic basis.  In addition, 100% of the phase 3 plots twice per cycle. 

The primary difference is in the plot intensity for phase 2 and phase 3.  The plot intensity used for this option employs the special grid intensity used in the last Puerto Rico inventory as a benchmark, but with enhancements.  Enhancements were added to allow estimates with high level of precision for forest areas of approximately 50,000 acres or for island groups that have less than 50,000 acres of forest.  To accomplishment this, a minimum number of plots was established based on a combination of complexity and land area for island groups smaller than Puerto Rico and Hawaii (table 2).  Plots will be installed on all forestland generally island groups have 50% or less of their total land in forest.  The actual number of plots will be refined as data are collected and more information is available to meet the objective of precision at 50,000 acres.  This would allow more complete analysis of elements the international Criteria and Indicators of Sustainability for local areas.

High

This includes all components of the FIA program as described in the low alternative and the plot intensity described in the medium alternative.

Enhancements beyond the medium level include the measurements of understory vegetation, soils and others items as regional add-ons on phase 2 plots.  Additional work using remote sensing and GIS to develop ecosystem type mapping will provide the basis of additional intensification of phase 2 plots or additional phase 3 plots targeted to areas of interest. Change detection and the use of NTM data for remote or denied access plots would be pursued with this level of investment. Research will be done on land use change impacts, forest health issues, and others. 

High Plus

This alternative would include additional field plot intensity for phase 2 or phase 3 for individual islands.  This would allow estimates to be generated for specific areas of interest smaller than 50,000 acres.  Costs would be borne by local entity or funding sources outside of the FIA program.

Table 2.  Number of plots for each alternative based on Island Group size and ecological complexity.  

	
	
	
	Total Land Phase 2 Plots
	

	
	
	
	Low
	Medium
	High

	Island Group
	Total Land
	Ecological Complexity

	1 plot per 6000 acres

	1 plot per 2224 acres

	

	
	(acres)
	
	
	Actual
	Enhanced

	

	A. Samoa
	48,000
	Med
	8
	29
	150
	150

	CNMI
	113,000
	Low
	19
	68
	150
	150

	FSM
	150,000
	Med
	25
	90
	300
	300

	Guam
	136,000
	Med
	23
	82
	300
	300

	Hawaii
	4,100,000
	High
	683
	1844
	1844
	1844

	Palau
	103,000
	Med
	17
	62
	300
	300

	PR
	2,000,000
	High
	333
	989
	989
	989

	RMI
	45,000
	Low
	8
	27
	75
	75

	VI
	86,000
	Med
	14
	52
	150
	150


EVALUATION OF ALTERNATIVES

Each of the objectives was evaluated for each of the Alternatives.  Primary emphasis is given for national objectives, with secondary consideration for the island objectives.  The High Plus option addresses needs above the island group level (it provides information at the individual island or ecosystem level) and is outside of the charter for the national FIA program.  Therefore it was not included in the comparison of alternatives.  The entire team reached consensus on the evaluation of the alternatives.  There are some remaining areas of concern regarding reporting estimates by Caribbean and Pacific Regions rather than island groups.  Within the medium and high alternatives there needs to be some level of flexibility to adapt to meet the objectives once more information about complexity and variation of the resource are obtained through the data collection and analysis.

Low Alternative

This alternative does not meet the national objectives or the island objectives.  It does have limited utility for estimating forest condition (objective 1) for island groups.  Based on the failure to meet the objectives, we do not recommend this alternative for implementation.

Medium Alternative

This alternative does meet the minimum objectives needed to satisfy the strategic inventory. The proposed plot intensity was based on the results from the 1980 and 1990 inventories in Puerto Rico.  Results from the 1990 inventory were found to be much more reliable estimates at the island scale for PR than the 1980 inventory.  Given that the largest island in the Hawaiian chain is approximately the same land area of the main island in Puerto Rico we feel that this intensity will provide adequate inventory information at the island group level.

In the CONUS it is possible to aggregate data across states within eco-regions in order to improve the statistical reliability of the inventory estimates.  The insular nature (small land area and high complexity) of the land area in the islands makes it highly unlikely that data aggregated across Island groups would increase the reliability of the inventory estimates.  Therefore, we targeted an island group as the smallest area upon which the national base grid should provide reliable statistical estimates.  Therefore the increased field plot intensity is essential to meeting the objectives at the same level of reliability for the island groups as states on the mainland.  On the smaller island groups, enhancements are necessary to meet the objectives (even tripling the intensity would not provide enough data, therefore a minimum number of plots per 50,000 acres was applied).  This alternative will provide consistency in the variables, protocols, and inventory design with the CONUS but also recognizes unique conditions in the island groups. 

This alternative also leaves room for local or regional groups to add to the inventory or intensify the inventory to meet local needs at their own cost.

High Alternatives

The high alternative meets all of the objectives both national and island with the exception of inventorying non-forest ecosystems.  For many island groups (e.g., the four states of the Federated States of Micronesia) this alternative would be the most responsive to their needs.  It would reasonably provide the highest level of forest inventory information at the local level that can be provided by the FIA program.  The High Plus option would be available to island groups to address very specific local needs.

Table 3.  Comparison of alternatives against the national and local objectives.

	Tropical Island Forest Strategic Inventory Objectives
	Low
	Medium
	High

	1. Forest Condition
	Will provide Forest area estimates for all island groups; some limited indicator estimates (e.g., total biomass
) for HI and PR
	Meets
	Meets

	2. Ecosystem Health
	Does not meet objective – too small a sample of Phase 3 plots
	Meets 

	Meets

	3. Future Condition
	Does not meet objective – too small a sample given diversity of resource
	Meets
	Meets

	4. Spatial Trends
	Does not meet
	Meets for large islands (HI, PR) but marginal for small islands
	Meets

	5. Covers all forest and non-forest Ecosystems 
	This objective is outside the current charter of the FIA program.  

Major forested ecosystems will be covered in the medium alternative.  Smaller forested ecosystems could be covered under the high option.  Non-forested ecosystems would be covered by other programs. 

	6. All plants
	Does not meet
	Meets11
	Meets

	7. Structure and Carbon storage10 by geo-climatic zone
	Does not meet
	Meets
	Meets

	8. Impact of past land use
	Does not meet
	Marginal 
	Meets

	9. Selected Criteria and Indicators
	Marginal based on sample size 
	Meets
	Meets


COSTS FOR TROPICAL FOREST INVENTORIES

Costs for low, medium, and high options are presented in Table 4.  These options meet the 20 percent annual measurement requirement of the Agricultural Research, Extension, and Education Reform Act of 1998 (Farm Bill).  It should be noted that the costs for the low option are higher than those originally developed for the FIA Strategic Plan.  There are several reasons for this, including all island groups and land areas were not represented, and complete logistical considerations were not accounted for in the Strategic Plan.  Also, the Strategic Plan considered only the same spatial grid as used in the mainland, which is utilized in the low option.

While the spatial intensity of plots under the medium option meets most strategic objectives, this option cannot be realized until funding is available.  Absent full funding for a 5-year cycle, it would be desirable to maintain the spatial intensity of plots under the medium option, while extending the cycle between re-measurements to 7 or 10 years.  Any consideration of extending the cycle time should be done in light of practical funding levels that might be available.  Island governments or other interested parties will be encouraged to participate in funding to reduce the cycle time until full funding becomes available.

	 
	Low
	Med
	High

	American Samoa
	$75,318 
	$370,316 
	$469,305 

	Commonwealth of Northern Marianas
	$110,381 
	$362,842 
	$451,005 

	Federated States of Micronesia
	$123,899 
	$635,432 
	$823,414 

	Guam
	$72,714 
	$276,716 
	$355,291 

	Hawaii
	$1,645,119 
	$3,683,065 
	$4,843,613 

	Palau
	$126,949 
	$889,629 
	$1,171,462 

	Puerto Rico
	$1,125,390 
	$2,386,710 
	$3,581,215 

	Republic of Marshall Islands
	$64,317 
	$221,794 
	$273,609 

	Virgin Islands
	$124,108 
	$188,094 
	$294,814 

	 
	 
	 
	 

	Total
	$3,468,196 
	$9,014,598 
	$12,263,728 

	Annual Cost

	
	
	

	     5-Year
	$693,639
	$1,802,919
	$2,452,746

	     7-Year 
	
	$1,287,800 
	

	     10-Year
	
	$901,460
	

	
	
	
	


Table 4.  Total costs
 by Island Group and Alternative.

TIMEFRAME 

Six-month lead-time is for start-up after funding is available.  Current plans call for starting the next inventory in Puerto Rico in FY 01 and conducting some pilot testing of variables in the Pacific in FY 01.  Implementation beyond that will depend on funding.  These inventories need to begin in 2001, at least for the Caribbean region.  There needs to be coordination between regions and Stations to work within even flow funding.  SRS and PNW will look for opportunities to cross train employees, share positions, and provide increased skills and training to employees to build a team that is competent across all island groups.   PNW will be pursuing coordination activities during 2001 and 2002 to prepare for the 2003 field season.    

Given expected resources and island support, tentative implementation schedule would be:

	2001
	Puerto Rico

	2002
	Puerto Rico

	2003
	Puerto Rico, Virgin Islands 

	2004
	Guam, American Samoa, CMNI 

	2005
	Hawaii, 

	2006
	Hawaii, 

	2007
	Hawaii

	2008
	Hawaii

	2009
	FSM, RMI

	2010
	Palau


Coordination

Island forestry agency heads will be routinely included in all users meetings, client meetings, and other outreach activities by the FIA program.  Specific meetings with the island groups or island committees may also be held to facilitate communication and coordinate issue identification and reporting needs.  Coordination will also be important with local organizations and federal agencies.

RECOMMENDATION

After reviewing the objectives of the national inventory programs and the needs identified by the island groups, it became clear that the intensity of the inventory was the primary problem with extending the FIA and FHM programs to the tropical islands in a meaningful manner.  The insular nature of the land area, the complexity of the forest resource, and the range of issues that are important create a need for information that at least has the same level of precision as that produced for smaller states or eco-zones on the mainland.

There are several approaches that can be taken to increase the amount of information that is collected and increase the precision of the estimates.  First, increased use of remote sensing technology and GIS mapping skills will be essential to both increasing the information that can be gathered remotely but also in assessing the most efficient use of the field crews’ time in installing field plots.  Second, recent experience in Puerto Rico was used extensively to determine the level of increase in intensity necessary to make the inventory useful at the island group level.  A triple-intensity of ground plots was used in the 1990 inventory of Puerto Rico.  That level was found to be sufficient for producing estimates in the areas that were sampled and therefore it is recommended that that level of intensity be continued in the future.  We recommend applying that finding to all the island groups and this was built into the medium Alternative.  Another recommendation from the Puerto Rico inventory was that the inventory be expanded to include areas beyond the “timberland classification.”  The finding was that there are significant forested lands on the islands that need to be inventoried for ecological reasons and that since production of timber is not a primary use of the resource the inventory should not be constrained to timberland.   Finally, analysis staff needs to be increased to address issues of specific interest to the islands and to help the islands’ information fit into the national analysis of Criteria and Indicators of Sustainability and other international issues.

Additional recommendations are that the systems implemented in the islands be based on the National Inventory design and standards to avoid complications in data processing and in populating National databases.  Additions to species codes and other protocols to make them relevant and useful to the islands are essential but major changes to the design and methods will result in significant cost increases and continued inconsistencies between the islands and the CONUS. 

We further encourage cost sharing with the islands groups, the other federal and state agencies as well as private institutions both in in-kind work and in additional funding to cover the cost of island specific issues and needs.

We recommend that a 10-year cycle with triple the intensity of plots be funded across all the island groups.  When additional funding becomes available the cycle should be reduced to the 5-year target specified in the 1998 Farm Bill.
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APPENDIX 1.  Phase 3 indicators implemented or piloted nationally currently in use in the FHM program in temperate forest ecosystems.   Plot-level indicators are typically evaluated at eco-region, watershed, or political spatial scales, or within some stressor gradient.

	 Indicator
	Purpose
	Primary Metrics
	Sample Cycle
	Information
	Comment

	Mensuration
	Tree growth
	Species; dbh; height; site characteristics;  crown volume (ratio and diameter);
	1/5 (N)

1/6K ac
	Tree net primary productivity and diversity; 
	P2; biological backbone of forest ecosystem; 

	
	Regeneration
	Number and abundance of seedlings by species
	1/5 (N)

1/6K ac
	Regeneration of all tree species;  
	P2;  key seral stage in forest succession; future carbon fixers of America; 

	
	Mortality
	Number of trees dead from t2-t1, by species
	1/5 (N)

1/6K ac
	Mortality rates of all tree species
	P2; key stress indicator; carbon cycle (mortality & harvest); 

	
	Site Characteristics
	Physical description (elevation, etc.); land-use; disturbance; history;
	1/5 (N)

1/6K ac
	Key site info. To evaluate biological condition
	P2;  basis for key post-stratification of data; wildlife habitat; aesthetics; 

	Damage
	Tree damage
	Visible injury to roots, bole, crown; location; symptom; severity of top 3
	1/5 (N)

1/6K ac
	The type and degree of damage to trees by species
	P2; no causal agent (reg’l add-on); 

	Crown Ratio
	Photosynthetic structural frame
	% of tree bole with live crown
	1/5 (N)

1/6K ac
	Carbon platform; wildlife habitat; fuel ladder; crown biomass
	P2; uncompacted method gives physiological info on tree vitality; combine with other p2 crown measures to get crown biomass (P4); 

	Crown Density
	Photosynthetic structural frame
	% sunlight through symmetrical crown (wood, foliage, repro organs);
	1/5 (N)

1/6K ac
	Carbon platform; crown biomass; 
	Combine with ratio and diameter for crown volume and biomass (P4); understory diversity driver; low QA;

	Crown Diameter
	Photosynthetic structural frame
	Modeled from previous FHM info of tree diameters (drip-line diameter at longest axis and perpendicular to longest axis) and spacing & dbh values
	1/5 (N)

1/97K ac
	Carbon platform; crown biomass; wildlife habitat;
	Time-consuming and disturbing method; good models can be developed based on years of species-specific FHM data;

	Crown Dieback
	Physiological 

Stress
	% dieback of sun-exposed branches
	1/5 (N)

1/97K ac
	Reduction in viable crown.  Sign of tree decline
	Complement to P2 crown metrics.   Indicator of serious decline in tree health.

Growth effects (P4)

	Crown Transparency
	Defoliation
	% sunlight through foliated branches
	1/5 (N)
	Loss and/or size reduction of foliage
	Very species specific;

Growth effects (P4)

	Foliage Damage
	Insects, diseases, storms
	Damage to foliage of tree > 30%
	1/5 (N)
	Identify trees where foliage damage severe
	

	Soils
	Soil Nutrition; 

Water Quality


	Cations

(meq/100g)

pools in O, A, and A/E horizons
	1/10(?) (N)
	Plant growth

Water quality

Soil quality
	Identify forest ecoregions where forest-soil-water continuum is disrupted, with severity and cause 

	
	Nutrient and Toxin solubility 
	ph (water and salt)
	1/10(?) (N)
	Soil/plant/aquatic chemical cycles;  Links to vitality
	Identify areas where soil acidity may be deleterious to plant and aquatic systems

	
	Plant and aquatic system vitality
	Al, Fe, Mn, metal, organic concentrations 

(EM)
	1/10 (N)
	Levels of toxins; 

Links to plant growth and aquatic vitality
	Identify areas where soil conditions have deteriorated to the point toxic elements are being released

	
	Erosion
	Soil cover

Slope & Run

Rainfall

Soil factors
	1/10 (N)
	Risk of erosion

Severity of erosion
	Important aquatic link

	
	Compaction
	Soil appearance (structure and trails, etc.); 

Penetrability
	1/10 (N)
	Root growth

Water runoff
	Fertility and erodability affected by compaction

	Lichens
	Diversity
	Species richness and abundance;


	1/10 (N)
	Diversity of epiphytes;


	Requires post-season species ID of samples by lichen taxonomists

	
	Air quality
	Type and abundance of N and S sensitive lichen species
	1/10 (N)
	N and S dep;
	Requires development of air quality/climatic gradient models by region

	
	Climate change
	Type and abundance of temperature and moisture sensitive lichen species
	1/10 (N)
	Within-stand climate change;
	Requires development of air quality/climatic gradient models by region

	O3 Bioindicators
	Ozone impacts
	Incidence and severity of foliar ozone injury on known susceptible species
	1/1
	Areas where phytotoxic levels of ozone are affecting growth and diversity
	Revision of current system as to points of sampling

	Veg Diversity (U)
	Diversity and structure of plant system
	Species richness and cover in 2 vertical strata (0-2’ and 2-6’) plus shrub heights
	1/5
	Wildlife habitat

Species diversity

Soil erosion 

Fuel loading

Carbon storage

Climate change
	Currently in 3rd year of pilot; total plant inventory in understory



	Down Woody Debris
	Type, condition and  abundance of downed wood
	Length, diameters, condition, and species of both fine and coarse downed wood by  line transect
	1/5
	Carbon storage

Wildlife habitat

Fuel loading

Soil erosion
	Method very similar to PNW-FIA approach

	Fuel Loading
	Amount, distribution and condition of plants and fire risk
	Mensuration, veg structure, downed wood, height and dryness of herbs, grasses, shrubs, slash
	1/5
	Fire risk
	Method developed from models used by Missoula and Boise fire groups.   Continued review w/fire groups in progress.

	
	
	
	
	
	


APPENDIX 2.  Availability of data to address the International Criteria and Indicators of Sustainability for the commonwealth of Puerto Rico.

	State of the Forest - Puerto Rico 2000

	Criteria
	Indicator
	Quality of Data
	Amount of Data
	Data Date
	Data Frequency
	Comments

	1
	1
	excellent
	sufficient
	1936 to present
	decadal to present
	Puerto Rico has aerial coverage beginning in 1936 to present.  These photos allow the estimation of forest cover.  This has been done for sectors of Puerto Rico as well as for the full island for some years. The typing of forests is done by cover (dense or Open) and age (Mature or successional).

	1
	2
	 
	 
	 
	 
	Measurement for this criteria is in the research phase.

	1
	3
	excellent
	sufficient
	ongoing
	ongoing
	The area and location of protected areas is known. This knowledge can be arranged according to any system that might be required.

	1
	4
	 
	 
	 
	 
	Measurement for this criteria is in the research phase.

	1
	5
	excellent
	sufficient
	1936 to present
	decadal to present
	Fragmentation indices can be estimated by digitalizing aerial photographs and using GIS to estimate perimeter to area ratios by forest type.  This has been done for some sectors of Puerto Rico.

	1
	6
	adequate
	abundant 
	ongoing
	ongoing
	The relation between tree species composition and forest conditions id reasonably understood for Puerto Rico. We use geoclimactic zones to display the distribution of species and determine their fidelity to particular forest conditions.

	1
	7
	adequate
	varies with species
	since the 1980's
	ongoing
	Federal and Commonwealth lists of threatened and endangered species are available for Puerto Rico. For many of them, we have distribution maps.

	1
	8
	poor
	few
	since the 1980's
	ongoing
	this can be inferred from the assumption that the islands were originally 100 percent forested.  Species analysis requires considerable research effort.

	1
	9
	poor to excellent
	few
	since the 1980's
	ongoing
	this varies with the species

	 
	 
	 
	 
	 
	 
	 

	2
	10
	excellent
	sufficient 
	1980's to present
	decadal 
	The potential timberlands of Puerto Rico have been identified and inventoried three times since 1980

	2
	11
	excellent
	sufficient 
	1980's to present
	decadal 
	Growing stock was estimated in the three inventories described above.

	2
	12
	excellent
	sufficient 
	1980'a to present
	decadal 
	the area of plantations in the island has been estimated by species and many of these plantations have been inventoried. However, these plantations are not generally managed for timber production and may have been abandoned.

	2
	13
	poor
	few
	sporadic
	ongoing 
	We have information to estimate the level of wood extraction that might be sustainable.  However, we lack sufficient information on the rate of extraction of wood products.

	2
	14
	none
	none
	none
	none
	These dates are not collected in Puerto Rico.

	 
	 
	 
	 
	 
	 
	 

	3
	15
	variable 
	inadequate
	since 1936
	ongoing
	the level of insect and disease incidence in Puerto Rican forests has been assessed on a qualitative basis for several decades.  Usually these forest health issues are found to be of low incidence in the island as a whole.  Area estimates are not available.  Data are available for relating forest areas to frequency and magnitude of hurricanes and other atmospheric phenomena. Rates of land conversion from forest to built -up land are also available since 1936.

	3
	16
	variable 
	insufficient 
	since 1936
	ongoing
	The Environmental Protection Agency and the Environmental Quality Board publish maps of pollutant concentrations in the islands, and these can be overlaid over vegetation maps to arrive at this indicator.

	3
	17
	 
	 
	 
	 
	This indicator is in the research phase.

	 
	 
	 
	 
	 
	 
	 

	4
	18
	no data
	no data
	 
	 
	 

	4
	19
	variable
	few
	 
	ongoing
	These data can be obtained from available records in State and Federal agencies.

	4
	20
	excellent 
	much 
	since 1980's
	ongoing
	This will be difficult to estimate, data varies with the watershed.

	4
	21
	excellent 
	abundant
	1980
	20 years
	Timberlands have been inventoried for soil organic matter and will be re-0inventoried in 2001

	4
	22
	no data available
	no data available
	no data available
	no data available
	 

	4
	23
	no data available
	no data available
	no data available
	no data available
	 

	4
	24
	no data available
	no data available
	no data available
	no data available
	 

	4
	25
	no data available
	no data available
	no data available
	no data available
	 

	 
	 
	 
	 
	 
	 
	 

	5
	26
	excellent
	abundant
	1980
	decadal
	Estimates can be made from past inventory data.

	5
	27
	excellent
	abundant
	1980
	decadal
	Estimates can be made from past inventory data.

	5
	28
	good 
	few
	1980
	decadal
	Values are insignificant for the islands, but estimates could be made.

	6
	29
	 
	 
	 
	 
	Most of these data are available for the islands. However data have not been synthesized. We recommend that a study be commissioned to address each indicator island -wide.

	6
	30
	 
	 
	 
	 
	''

	6
	31
	 
	 
	 
	 
	''

	6
	32
	 
	 
	 
	 
	''

	6
	34
	 
	 
	 
	 
	''

	6
	35
	 
	 
	 
	 
	''

	6
	36
	 
	 
	 
	 
	''

	6
	37
	 
	 
	 
	 
	''

	6
	38
	 
	 
	 
	 
	''

	6
	39
	 
	 
	 
	 
	''

	6
	40
	 
	 
	 
	 
	''

	6
	41
	 
	 
	 
	 
	''

	6
	42
	 
	 
	 
	 
	''

	6
	43
	 
	 
	 
	 
	''

	6
	44
	 
	 
	 
	 
	''

	6
	45
	 
	 
	 
	 
	''

	6
	46
	 
	 
	 
	 
	''

	6
	47
	 
	 
	 
	 
	''

	 
	 
	 
	 
	 
	 
	 

	7
	48
	 
	 
	 
	 
	Most of these data are available for the islands. However data have not been synthesized. We recommend that a study be commissioned to address each indicator island -wide.

	7
	49
	 
	 
	 
	 
	''

	7
	50
	 
	 
	 
	 
	''

	7
	51
	 
	 
	 
	 
	''

	7
	52
	 
	 
	 
	 
	''

	7
	53
	 
	 
	 
	 
	''

	7
	54
	 
	 
	 
	 
	''

	7
	55
	 
	 
	 
	 
	''

	7
	56
	 
	 
	 
	 
	''

	7
	57
	 
	 
	 
	 
	''

	7
	58
	 
	 
	 
	 
	''

	7
	59
	 
	 
	 
	 
	''

	7
	60
	 
	 
	 
	 
	Most of these data are available for the islands. However data have not been synthesized. We recommend that a study be commissioned to address each indicator island -wide.

	7
	61
	 
	 
	 
	 
	''

	7
	62
	 
	 
	 
	 
	''

	7
	63
	 
	 
	 
	 
	''

	7
	64
	 
	 
	 
	 
	''

	7
	65
	 
	 
	 
	 
	''

	7
	66
	 
	 
	 
	 
	''

	7
	67
	 
	 
	 
	 
	''


	State of the Forest - USVI 2000

	Criteria
	Indicator
	Quality of Data
	Amount of Data
	Data Date
	Data Frequency
	Comments

	1
	1
	 
	*
	 
	 
	The US Virgin Islands have aerial coverage beginning in 1936 to present.  The typing of forests is done by cover (dense or open) and (mature or successional).

	1
	2
	 
	*
	 
	 
	 

	1
	3
	 
	*
	 
	 
	The area and location of protected area is known. This knowledge can be arranged according to any system that might be required.

	1
	4
	 
	*
	 
	 
	 

	1
	5
	 
	*
	 
	 
	Fragmentation indices can be estimated by digitizing aerial photographs and using GIS to estimate perimeter to area ratios by forest type.

	1
	6
	 
	*
	 
	 
	The relation between tree species composition and forest conditions is reasonably understood for the Virgin Islands. We use geoclimactic zones to display the distribution of species and determine their fidelity to particular forest conditions.

	1
	7
	 
	*
	 
	 
	Federal and Territorial lists of threatened and endangered species are available for the Virgin Islands. 

	1
	8
	 
	*
	 
	 
	This can be inferred from the assumption that the islands were originally 100 percent forested.  Species analysis requires considerable research effort.

	1
	9
	 
	*
	 
	 
	 

	*Note:
Photos & knowledge are available but there is no known effort to convert the information into analyses that would lead to assessment of criteria & indicators.

	 
	 
	 
	 
	 
	 
	 

	2
	10
	no data
	no data
	no data
	no data
	 

	2
	11
	no data
	no data
	no data
	no data
	 

	2
	12
	 
	 
	 
	 
	The area of plantations in the island has been estimated by species and many of these plantations have been inventoried. However, these plantations are not generally managed for timber production and may have been abandoned.

	2
	13
	 
	 
	 
	 
	We have information to estimate the level of wood extraction that might be sustainable.  However, we lack sufficient information on the rate of extraction of wood products.

	2
	14
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	3
	15
	no data available
	no data available
	 
	 
	 

	3
	16
	no data available
	no data available
	 
	 
	 

	3
	17
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	4
	18
	 
	 
	 
	 
	 

	4
	19
	 
	 
	 
	 
	These data can be obtained from available records in State and Federal agencies.

	4
	20
	 
	 
	 
	 
	 

	4
	21
	no data available
	no data available
	 
	 
	 

	4
	22
	no data available
	no data available
	 
	 
	 

	4
	23
	no data available
	no data available
	 
	 
	 

	4
	24
	no data available
	no data available
	 
	 
	 

	4
	25
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	5
	26
	no data available
	no data available
	 
	 
	 

	5
	27
	no data available
	no data available
	 
	 
	 

	5
	28
	no data available
	no data available
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	6
	29
	 
	 
	 
	 
	Most of these data are available for the islands. However data have not been synthesized. We recommend that a study be commissioned to address each indicator island-wide.
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	30
	 
	 
	 
	 
	''

	6
	31
	 
	 
	 
	 
	''

	6
	32
	 
	 
	 
	 
	''

	6
	33
	 
	 
	 
	 
	''

	6
	34
	 
	 
	 
	 
	''

	6
	35
	 
	 
	 
	 
	''

	6
	36
	 
	 
	 
	 
	''

	6
	37
	 
	 
	 
	 
	''

	6
	38
	 
	 
	 
	 
	''

	6
	39
	 
	 
	 
	 
	''

	6
	40
	 
	 
	 
	 
	''

	6
	41
	 
	 
	 
	 
	Most of these data are available for the islands. However data have not been synthesized. We recommend that a study be commissioned to address each indicator island-wide.

	6
	42
	 
	 
	 
	 
	''
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	''

	6
	44
	 
	 
	 
	 
	''

	6
	45
	 
	 
	 
	 
	''

	6
	46
	 
	 
	 
	 
	''

	6
	47
	 
	 
	 
	 
	''

	 
	 
	 
	 
	 
	 
	 

	7
	48
	 
	 
	 
	 
	Most of these data are available for the islands. However data have not been synthesized. We recommend that a study be commissioned to address each indicator island-wide.
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	''
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	''

	7
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	''

	7
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	''
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	''

	7
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	''

	7
	55
	 
	 
	 
	 
	''

	7
	56
	 
	 
	 
	 
	''

	7
	57
	 
	 
	 
	 
	''

	7
	58
	 
	 
	 
	 
	''

	7
	59
	 
	 
	 
	 
	''

	7
	60
	 
	 
	 
	 
	''

	7
	61
	 
	 
	 
	 
	''

	7
	62
	 
	 
	 
	 
	''

	7
	63
	 
	 
	 
	 
	''

	7
	64
	 
	 
	 
	 
	''

	7
	65
	 
	 
	 
	 
	''

	7
	66
	 
	 
	 
	 
	''

	7
	67
	 
	 
	 
	 
	''


	Sources of Information for Criteria and Indicators for Sustainability in Puerto Rico - 2000

	Criteria
	Indicator
	Sources of Information

	1
	1
	Department of Natural Resources and Environment (DNER)

	1
	5
	DNER & International Institute of Tropical Forestry (IITF)

	1
	6
	DNER & IITF

	1
	7
	DNER & IITF

	 
	 
	 

	2
	10
	DNER & IITF

	2
	11
	DNER & IITF

	2
	12
	DNER & IITF

	2
	13
	DNER & IITF

	 
	 
	 

	3
	16
	Environmental Protection Agency & Environmental Quality Board

	 
	 
	 

	4
	19
	DNER & IITF

	4
	23
	DNER & IITF

	4
	24
	DNER & University of Puerto Rico

	 
	 
	 

	5
	26
	IITF

	5
	27
	IITF

	 
	 
	 

	6
	31
	Department of Commerce

	6
	32
	Department of Commerce

	6
	33
	Department of Commerce

	6
	34
	Department of Commerce

	6
	35
	DNER

	6
	36
	DNER & Tourism Company

	6
	37
	DNER & Tourism Company

	6
	38
	DNER, Tourism Company and Department pf Recreation

	6
	39
	DNER & IITF

	6
	40
	Department of Commerce

	6
	41
	Department of Commerce

	6
	42
	DNER & IITF

	6
	44
	Department of Labor

	6
	45
	Department of Labor

	 
	 
	 

	7
	48
	Department of Justice (Register of the Property) & General Archives of P.R.

	7
	49
	Planning Board

	7
	51
	DNER & IITF

	7
	52
	DNER & IITF

	7
	53
	DNER, IITF, & Department of Education

	7
	54
	Plantification Board

	7
	55
	Department of Labor

	7
	56
	Department of Transportation and Public Works

	7
	57
	DNER

	7
	58
	Department of Commerce and University of Puerto Rico

	7
	61
	DNER & IITF

	7
	64
	University of Puerto Rico

	7
	65
	University of Puerto Rico

	7
	66
	IITF, DNER & UPR

	7
	67
	IITF, DNER & UPR


� Bolsinger, Charles L.  April 2000. Forest inventory information needs assessment for the territory of Guam, Republic of the Marshall Islands, and the state of Hawai’i, with emphasis on the Island of Maui.  Final Report. 101 p. Contract with David Evans and Associates, Inc. On file with: Forest Inventory and Analysis Program, Portland Forestry Sciences Laboratory, P.O. Box 3890 Portland, OR 97208.


� Literature citations for past inventories are given at the end of the report.


� MRLC currently includes Hawaii, Puerto Rico and the Virgin Islands, but not the other island groups.


� MRLC already covers Hawaii


� National consistency is an important issue to major users of FIA data, as indicated in the Blue Ribbon Report on FIA.  Second Blue Ribbon Panel on FIA.  1998.  Forest Inventory and Analysis program:  the report of the second Blue Ribbon Panel.  Washington, DC:  American Forest and Paper Association.  17 p.








� Committee’s rough assessment.


� The intensity of 1 plot per 6000 acres is based on the national grid.


� The intensity of 1 plot per 2224 acres is based on the 3-KM grid used in Puerto Rico.


� Enhancements were made to Islands smaller than Puerto Rico and Hawaii based on complexity and size.  Medium complexity island groups were assigned a base of 300 plots, and low complexity island groups were assigned a base of 150 plots.  Base number of plots was adjusted by Island Group size. 


� Allometric equations are not available for most species.  Carbon storage equations are not available for most species.


� Meets for the Carribean and Pacific regions, but not for island groups.  Concerns were raised about the usefulness of such regional estimates.  











� Cycling the periodic inventories among the island groups allows an even budget every year.


� These costs are preliminary.  Actual costs will be developed after the sampling intensity and other issues are fully developed.
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