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Abstract

There is increasing recognition in Canada, the United States, and Mexico that forest ecosystem inventory and monitoring is vital to the successful implementation of sustainable forest management.  Reliable basic environmental information is needed for formulating effective land use and conservation policy, valuation of forest services and benefits, planning management activities, effectively implementing those activities, and following the results over time.  The North American Forestry Commission Inventory, Monitoring and Assessment Working Group is exploring reporting at the continental level by aggregating national forest inventory data to a broad-scale ecological framework that transcends the boundaries of the three Commission countries.  This paper describes the national forest inventory systems in place and under development in each country, provides a framework to undertake a continental assessment, illustrates the types of analysis and reports that are possible at a continental level, and discusses opportunities for enhancing the scope and quality of a continental assessment.  Finally, the paper presents recommendations for future activities.
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Introduction

There is increasing recognition in Canada, the United States, and Mexico that forest ecosystem inventory and monitoring is vital to the successful implementation of sustainable forest management.  Reliable basic environmental information is needed for formulating effective land use and conservation policy; valuation of forest services and benefits; planning management activities; effectively implementing those activities; and following the results over time.  This information directly supports reporting and assessing the criteria and indicators of sustainability and serves as a knowledge base for supporting research and development.

The Food and Agriculture Organization of the United Nations (FAO) is urging its regional forestry Commissions to examine a continental approach to reporting on forest resources rather than solely on a country-by-country basis.  The North American Forestry Commission (NAFC) agrees that the three member countries would benefit from a regional reporting capacity on common issues (e.g., forest health, environment, and sustainable development) that are monitored and reported on under different international processes.  As a result, the NAFC Inventory, Monitoring and Assessment Working Group is exploring reporting at the continental level by aggregating national forest inventory data to a broad-scale ecological framework that transcends the boundaries of the three Commission countries.

Continental analysis and reporting has been hampered by different measurement and monitoring protocols.  A cursory examination of the national forest inventories from the three countries identified a short list of compatible variables that can be used for analysis.  These variables have been compiled and used to illustrate a potential for continental reporting.  All three countries are currently revising their approaches to national scale forest inventory.  This provides an opportunity to pursue a more compatible approach to forest inventory, monitoring and assessment among the three countries leading to an expanded capability for continental level analysis and reporting.

This paper describes the national forest inventory systems in place and under development in each country, provides a framework to undertake a continental assessment, illustrates the types of analysis and reports that are possible at a continental level, and discusses opportunities for enhancing the scope and quality of a continental assessment.  Finally, the paper presents recommendations for future activities.

National Forest Inventory Systems in North America

This section provides a synopsis of the current and evolving situation with regard to national forest inventory, monitoring and assessment within the three NAFC countries.  It provides the background from which this North American regional assessment of forest resources is derived.

Canada

The federal government is responsible for the compilation of a national forest inventory
.  Canada’s current national inventory (CanFI) is a periodic compilation of existing inventory from across the country.  CanFI is compiled about every five years by aggregating provincial and territorial forest management inventories and reconnaissance level information.  Stand-level data, provided by the provincial and territorial management agencies, are converted to a national classification scheme, and then aggregated to the map sheet, provincial and national levels for storage, analysis and reporting.  The most recent version (CanFI 2001) is derived from 57 source inventories.

Management agencies are continually updating and upgrading their forest inventories, and the age of their inventories is continually changing.  As a result, CanFI is an accumulation of different-aged information, collected to a number of different standards.

While the current approach has many advantages (e.g., cost effective – based on existing data, process is well established, provides detailed, location-specific information), it lacks information on the nature and rate of changes to the resource, and does not permit projections or forecasts.  Being a compilation of inventories of different dates, collected to varying standards, the current national forest inventory cannot reflect the current state of the forests and therefore cannot be used as a satisfactory baseline for monitoring change.

To address these weaknesses and to meet new business demands, the Canadian Forest Inventory Committee (CFIC: a group of inventory professionals from federal, provincial and territorial governments and industry) has developed a new approach for the national forest inventory.  Instead of a periodic compilation of existing information from across the country, the CFIC proposed a plot-based system of permanent observational units located on a national grid.  The Canadian Council of Forest Ministers has endorsed this system. 

The purpose of the new National Forest Inventory (NFI) is to assess and monitor the extent, state and sustainable development of Canada’s forests in a timely and accurate manner.  By collecting and reporting information to a set of uniform standards, it allows for consistent reporting across the country on the extent and state of Canada’s landbase to establish a baseline of where the forest resources are and how they are changing over time.  In addition to providing consistent estimates for traditional forest inventory attributes, the NFI will provide a framework for collecting additional data relevant to the reporting of progress towards sustainable development (e.g., socio-economic indicators), as well as data related to forest health (e.g., insect damage, disease infestation), biodiversity and forest productivity.

 A core design has been developed with the following essential elements:

· A network of sampling points across the population (Canada);

· Stratification of the sampling points by terrestrial Ecozone with varying sampling intensity among the strata;

· Estimation of most area attributes from remote sensing sources (photo plots) on a primary (large) sample;

· Estimation of species diversity, wood volumes and other desired data from a (small) ground-based subsample;

· Estimation of changes from repeated measurements of all samples.

Canada’s National Forest Inventory is an interagency partnership project.  The Canadian Forest Service, under the guidance of the CFIC, coordinates NFI activities.  Through the interagency arrangement, the provincial and territorial partners develop their designs and provide data.  The federal government’s role is to develop the standards, procedures, and infrastructure, and to conduct the analysis and reporting.

The first report from Canada’s new plot-based NFI is expected in 2006.

United States

The United States Forest Inventory and Analysis (FIA) program
 was mandated by Congress in 1928 to serve as the census of the Nation’s forests.  The FIA is the only program that collects, compiles, archives, analyzes, and publishes state, regional, and national inventory information on all ownerships of forest land in the United States. 

Up until 1998, each State was sampled on a periodic basis with cycles ranging from 7 to 15 years.  In 1998, guided by new legislation (amendment of the Forest and Rangeland Renewable Resources Research Act of 1978), the FIA program began a series of significant changes designed to make the program more relevant to modern information demands.  FIA changed from a periodic (state-by-state) inventory approach to a continuous approach whereby information is collected from 10 to 15 percent of sample locations in all States every year, with complete analyses published for each State at five-year intervals.  The scope of the measurements was also expanded, broadening beyond the traditional set of variables related to forest mensuration, to include measures of forest health and ecosystem status.  Finally, a process was established to ensure a reasonable level of consistency in methods for data collection and formats for information management across the country.
FIA uses remote sensing and a national network of ground plots to gather landscape-scale descriptive data that are consistent, compatible, and scientifically reliable nationwide.  The basic FIA field sampling design has three phases: 

1. The interpretation of remotely sensed data to provide primary information on the extent and distribution of forest cover, 

2. The collection of basic field data through plot visits to confirm interpretations made from the remotely sensed data and provide additional data not observable from Phase 1 (300 variables), and 

3. The collection of detailed forest health measures on a subsample of Phase 2 locations to provide more detailed information including; complete taxonomic plant classification, soil sample collection, tree crown damage assessment, and ozone damage indicators.  

There are approximately 117,000 Phase 2 sample plots (one per 2,500 ha), and 8,000 Phase 3 plots (one per 39,000 ha).  A national forest survey field manual specifies core definitions, accuracy requirements, measurement standards, and reporting requirements.  Current national standards provide an accuracy of approximately ±1-2% per million hectares of forest land and ± 3-4% per 100 million cubic meters of growing stock volume at the 67 percent confidence level.  The basic method of reporting results are reports containing tabular data, analysis, charts, maps, methods, and definitions.  

FIA also conducts a number of non-plot special studies.  These include:  

· Forest ownership studies to provide a description of typical private forest land owners, and determine their motive for ownership and attitudes toward forest management. 
· Forest products studies based on plot data, studies of active logging operations, and surveys of primary wood-using industries to determine annual timber removals and logging and mill residue disposition. 

· Non-timber values and products studies relating FIA inventory data to wildlife habitat, range, recreation, hydrology, and many other disciplines. 

FIA invests in research and development in four general areas: data collection and measurement; data compilation and analysis; remote sensing; and information management.   
Partnerships are key to the implementation and management of the FIA program.  State government and industrial partners help determine program direction; participate in data collection and analysis; facilitate external relationships; and conduct research and development work in support of the overall inventory program.  Program success is evaluated and reported to customers via an Annual Business Summary.
Mexico

In 2001, forest and water resources were defined as national security issues.  A long-term Strategic Forest Plan for Mexico was developed to establish a legal and institutional framework for the management of the nation’s forest resources.  The Commission on National Forests (CONAFOR) was created in 2001 to oversee implementation of the plan.

In 2003, the General Sustainable Forest Management Law further designated forest inventories as a key instrument for forest planning and management.  Forest inventories, both national and state, are regulated by the Ministry of Environment and Natural Resources (SEMARNAT) and executed by CONAFOR in collaboration with state governments.  The National Institute of Geography, Statistics and Information (INEGI) has been responsible for remote sensing and vegetation mapping for over 24 years.  To encourage collaboration among partner agencies, CONAFOR has developed a strategic plan for National Forest Inventory (NFI)
 that addresses four major questions:

1. What are the client/user needs and legal requirements for the NFI?

2. How will these needs and legal requirements be met?

3. What are the mandates of institutions involved in the NFI and what is the mechanism for collaboration among them?

4. What is needed to develop and implement the NFI (e.g., research, education, labour)?

The document establishes a number of objectives: 

1. Produce a vegetation cover map every five years (third map in 2005).

2. Produce a National Forest Inventory report every five years (first full report in 2009, partial report in 2006).

3. Implement a national forest monitoring plan to capture annual change information based on remote sensing.

The purpose of the new NFI is to assess and monitor the extent, status, and trends of Mexico’s forests in a timely and accurate manner using consistent methods and protocols.  This approach will provide the flexibility to report not only by state and nationally but also to integrate NFI data and information seamlessly into regional and global assessments.

The NFI sampling design is based on a graduated systematic grid of plots in three strata defined by vegetation mapped by INEGI.  The sampling grid for temperate and medium to tall tropical forest regions will be 5 x 5 km; for low tropical forest regions it will be a grid of 10 x 10 km; and for arid and miscellaneous lands it will be 20 x 20 km.  Overall there will be approximately 26,000 sample plots to estimate volume, biomass, growth and soil condition measured on a five-year cycle.  The first preliminary report, based on a partial completion of the new NFI grid design is expected in 2006. 

The NFI will provide information for senior government officials at both the national and state level, land managers, researchers, and the general public.  Partnerships among participating states and federal agencies will be critical to the success of the NFI program. 

FAO’s Ecological Zones for North America 
Ecological regionalization within North America has evolved over the last forty years. Early pioneering work emerged within all the three countries in the 1960s and 1970s (e.g., Hills 1961; Flores et al. 1971; Bailey 1976; CETENEL, now INEGI 1976). Refinements and more classifications began to emerge in the 1980s and 1990s (e.g., Omernik 1987, Bailey 1995, Ecological Stratification Working Group 1995, Ricketts et al. 1999).  In the 1990s, the Commission for Environmental Cooperation (CEC) under North American Agreement for Environmental Cooperation (a side agreement under the North American Free Trade Agreement (NAFTA)) began the development of the first comprehensive ecological regionalization of North America.  This work culminated in 1997 with the report: Ecological Regions of North America – Toward a Common Perspective.  All three NATFA countries signed off on this report and associated map.

The CEC report and accompanying map (level 2) served as the template for the development of the FAO Ecological Zones for North America
.  The final North American FAO ecological units (Figure 1) vary slightly from the original CEC template due to scale and the need for common global definitions.  For Canada and Mexico, the FAO units are identical or derived from the amalgamation of the CEC units.  In the United States the final FAO units are derived through consideration of Bailey’s Ecoregions (Bailey 1995) along with the CEC units.  

A consistent principle for the mapping was the consideration of a holistic approach to ecological zone delineation.  Both biotic and abiotic components of the ecosystem were considered.  In addition, practical aspects of digital cartographic production, such as scale, data availability and reliability of map inputs were taken into account.  As a result, these ecological zones are not necessarily forest zones, but provide the entire ecological context within which forests occur.  For North America, 20 ecological zones have been identified (six tropical, five sub-tropical, five temperate, three boreal and one polar).  A listing of the FAO Ecological Zones is given in Appendix A.  FAO first used these ecological zones as a reporting framework for the Global Forest Resources Assessment 2000 (FAO 2001).
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Figure 1. FAO Ecological Regions in the NAFC countries.

Regional Analysis and Reporting

A prerequisite to analysis and reporting on forests resources on a North American basis is the development and validation of a common inventory, monitoring and assessment database linked to the individual country databases.  Once protocols are established for data sharing and assessment, continent-wide interpretive maps about the nature of North American forest can be developed.   
Approach

The approach was to develop an integrated, spatially defined forest inventory database based on existing national forest inventory and monitoring data of the three NAFC countries.  Using the FAO Ecological Zones (Figure 1 and Appendix A) as the reporting framework, data from the individual national forest inventory databases of Canada, United States and Mexico were analyzed to derive a number of common variables.  The steps to this analysis included:

1. Determination of common variables among the three countries.

2. Identification of the attributes and classifiers to report.

3. Generation of a simple database to reflect those attributes by FAO Ecological Zone (including conversion to metric where required).
4. Examination of protocols to harmonize as many variables as possible in order to enhance the initial database.  

5. Generation of a report, by Ecological Zone, on the status of the forests of North America based on common variables.
In Canada, the CanFI data were available by Terrestrial Ecozone or its subcomponent ecoregion (fully nested within the FAO Ecological Zones).  Data were extracted and assigned to the appropriate FAO Zone.  In the United States, variable estimates were derived from the plot data within each FAO Zone.  In Mexico, the land use/land cover maps produced by INEGI were analyzed by FAO Ecological Zone through an overlay process to derive the common variables.  

Results

A comparison of the existing inventory databases of the three countries resulted in the following variables being identified as compatible:

· area of land
· area and volume of forest land
· area of other wooded land
· area of water
Forest area and volume are further broken down by forest type (coniferous, mixed and broadleaved).  Land is classified as public or private ownership.

The database was derived from data in CanFI 2001, FIA 2002 and from the vegetation map Series II of INEGI and vegetation maps of the National Forest Inventory 1994 in Mexico.  

Table 1 is a breakdown of the land area by Ecological Zone.  The table subdivides each Ecological Zone into forest land, other wooded land, non-forest, water and unclassified.  Forest land comprises 32 percent of the landbase of North America.  Of the total area of forest in Table 1, 7 percent is in the Tropical, 18 percent in the Sub-tropical, 37 percent in the Temperate and 38 percent in the Boreal Ecological Zones.  Less than one percent is in the Polar Ecological Zone.

Figure 2 illustrates the distribution of forest area by Ecological Zone.
Table 1. Area breakdown for NAFC countries by Ecological Zone.

	FAO Ecological Zone
	Area (000 ha)

	
	Forest
	Other wooded land
	Nonforest
	Water (Including brackish)
	Unclassified
	Total

	1
	5 458
	29
	4 187
	1 206
	0
	10 881

	2
	22 252
	1 833
	13 912
	1 407
	0
	39 404

	3
	10 026
	1 609
	4 993
	173
	0
	16 802

	4
	0
	0
	0
	0
	0
	0

	5
	0
	0
	0
	0
	0
	0

	6
	10 903
	2 278
	6 830
	59
	0
	20 071

	7
	61 092
	0
	42 720
	9 252
	0
	113 064

	8
	2 143
	0
	5 522
	921
	0
	8 586

	9
	13 137
	9 035
	92 581
	1 993
	0
	116 747

	10
	4 322
	47 932
	59 552
	432
	0
	112 238

	11
	38 399
	2 568
	18 905
	1 202
	0
	61 074

	12
	2 288
	0
	1 831
	540
	0
	4 659

	13
	112 161
	52 855
	83 393
	33 578
	139
	231 351

	14
	9 555
	2 104
	201 277
	3 049
	86
	214 022

	15
	11 576
	4 316
	57 546
	799
	0
	70 056

	16
	117 878
	43 682
	64 363
	4 266
	730
	190 811

	17
	124 918
	161 713
	33 531
	30 298
	1 674
	227 216

	18
	93 213
	102 965
	148 840
	37 550
	950
	312 980

	19
	38 880
	31 460
	80 730
	14 587
	856
	150 943

	20
	1 391
	2 437
	231 958
	9 574
	4 158
	248 127

	21
	0
	0
	179
	3 453
	0
	3 632

	Total
	679 591
	466 818
	1 152 850
	154 342
	8 592
	2 152 664


Figure 3 illustrates the average wood volume per hectare of forest land by Ecological Zone.  The basis for the derivation of volume varies by jurisdiction and within jurisdiction.  Volume estimates include a combination of gross total, gross merchantable and net merchantable volume.  Merchantability specifications will also vary by jurisdiction.  
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Figure 2. The Distribution of forest land by FAO Ecological Zone.

The total volume in all Ecological Zones is approximately 62.8 billion m3.  Of the total volume, 3 percent is in the Tropical, 18 percent in the Sub-tropical, 56 percent in the Temperate and 23 percent in the Boreal Ecological Zones.  Less than one percent is in the Polar Zone.  The average wood volume across all zones is 92 m3/ha.  The average within each Ecozone is 34 m3/ha is in the Tropical, 96 m3/ha in the Sub-tropical, 139 m3/ha in the Temperate and 56 m3/ha in the Boreal Ecological Zones.  In the Polar Zone the average wood volume is 16 m3/ha.  

Figure 4 illustrates the breakdown of forest type by Ecological Zone grouping.  Mixed forest is not predominant in any Ecological Zone but still comprises a total of 14% of forest land in North America.  The coniferous forest type comprises 53% of forest land and the broadleaved forest type comprises 33%.  
Table 2 provides a breakdown of the forest area and volume by forest type.  
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Figure 3.  Average wood volume by Ecological Zone within the NAFC countries.
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Figure 4. Forest type by Ecological Zone grouping.

Discussion

The main issue in defining common variables is the difference in the definitions.  While the definitions are different, harmonization of the common variables was possible.  Harmonization is the process of making various definitions compatible with each other.  The main difference among the countries is in the definition of forest.  Threshold parameters such as minimum area, crown closure, stocking or productivity vary.  A slight shift in threshold parameters can result in land being classified as either forest or other wooded land.  In Canada there are 92 million ha of other wooded land whereas the United Stated reports none.  If the other wooded land were included as forest, the percent forest would increase from 32 to 53 percent.  In Canada the definition of forest and productive forest varies by province, so an initial harmonization is used to arrive at a national area of forest.  Harmonization then takes place with United States and Mexican definitions to arrive at the common variable.  Because of the resulting discrepancies, the confidence interval around the area of forest is unknown and the level of uncertainty may vary by Ecological Zone.
A second issue in the analysis and reporting using a common framework relates to the inconsistency of the boundaries of the FAO Ecological Zones with the ecological framework boundaries of the individual countries.  Discrepancies do exist and assumptions were made to work around these discrepancies.  There is a difference between the areas in the FAO Ecological Zone spatial database and the area totals in the database for each Ecological Zone.  These differences need to be resolved to ensure each country’s official land area is reconciled to the total area.  As part of the reconciliation process unclassified area must be assigned to a land cover category.  Area totals need to be resolved before the results of continental assessments can be widely published.  

Opportunities For Enhancing The Scope And Quality Of The Database

There are a number of reporting levels: sub-national (e.g., management unit, province or state), national (e.g., reports on national C&I processes, national state of forest assessments), continental and global (e.g., FAO Global Forest Resources Assessment (FRA)).  The need for harmonization increases and the number of common variables usually decreases along the continuum from sub-national to global.  

The integrated database developed as part of this exercise illustrates the potential to support analysis and reporting at a continental level (e.g., NAFC regional reports).  In addition, the database has the potential to support reporting on international issues at a continental level, such as FAO’s FRA, CEC reporting and international NGO reporting.  

In the case of the FRA, the 2005 update specifies 15 tables of information (Table 3).  The database being developed could be used to supply information to address four of the tables.  With the harmonization of a few additional variables, the database could be used to report on the tables where currently only partial data exists.  Finally, if ancillary data were incorporated into the analysis, it could also be possible to address tables related to disturbances, diversity of tree species, wood removal, selected non-timber forest products and employment.

Table 2.  Area and volume by forest type and Ecological Zone.

	Number
	Forest Type

	
	Coniferous
	Mixed
	Broadleaved
	Unclassified

	
	Area
	Volume
	Area
	Volume
	Area
	Volume
	Area
	Volume

	1
	869
	17 980
	272
	13 993
	4 329
	190 222
	3 287
	0

	2
	821
	34 470
	2 228
	137 948
	19 622
	537 233
	14 137
	0

	3
	198
	15 697
	346
	28 826
	10 978
	167 843
	5 281
	0

	4
	0
	0
	0
	0
	0
	0
	0
	0

	5
	0
	0
	0
	0
	0
	0
	0
	0

	6
	1 817
	112 022
	4 334
	263 816
	6 978
	124 324
	6 941
	0

	7
	23 980
	2 205 436
	20 599
	2 343 952
	16 513
	1 538 262
	0
	0

	8
	2 050
	415 660
	0
	0
	93
	6 164
	10
	0

	9
	6 391
	326 927
	1 624
	101 238
	13 662
	161 134
	17 952
	0

	10
	2 334
	94 364
	247
	13 335
	49 577
	48 782
	12 493
	0

	11
	26 563
	3 513 795
	5 510
	408 480
	8 877
	244 299
	2 794
	0

	12
	2 288
	678 068
	0
	0
	0
	0
	0
	0

	13
	25 873
	2 735 581
	20 083
	2 421 955
	61 925
	6 828 084
	280
	0

	14
	3 041
	222 721
	264
	21 851
	5 814
	473 973
	398
	22 575

	15
	10 894
	1 069 736
	286
	37 978
	48
	4 986
	0
	0

	16
	90 832
	17 782 289
	4 791
	716 024
	18 659
	2 245 836
	86
	0

	17
	72 658
	6 446 462
	20 599
	2 113 656
	14 510
	1 685 754
	1 040
	27 572

	18
	67 996
	1 876 417
	15 892
	571 740
	1 835
	198 847
	229
	0

	19
	32 105
	1 326 311
	2 245
	167 544
	361
	24 048
	0
	0

	20
	845
	17 252
	546
	5 564
	0
	4
	0
	0

	Total
	371 556
	38 891 187
	99 866
	9 367 900
	233 781
	14 479 795
	64 929
	50 147


The database that has been constructed has been built using existing information.  Data harmonization was required to support the analysis and reporting.

All three countries are currently revising their approaches to national-scale forest inventory, moving towards very similar inventory protocols and core data.  The three countries are recommending or implementing systematic sampling designs, with the grid varying by location and vegetation type.  The sample plot design is the same in Mexico and United States and similar in Canada.  Core data are the same for the three countries, with slight differences in definitions.  

Table 3. FRA 2005 tables and the ability of the North American database to provide information to support FRA 2005.

	FRA Table
	Primary variables
	NAFC Database

	Number
	Title
	
	

	T 1
	Extent of Forest and Other wooded land
	- Forest, Other wooded land (OWL), OWL with trees, Other land, Inland water (Thousand ha) 
	yes

	T 2
	Ownership of Forest and Other wooded land
	- Public, Private, Other  (Thousand ha)
	yes

	T 3
	Designated function of Forest and Other wooded land
	- Production, Protection, Conservation, Social service, Multi-purpose (Thousand ha)
	partial

	T 4
	Characteristics of Forest and Other wooded land
	- Primary, Modified natural, Semi-natural, Plantation (Productive or Protective) (Thousand ha)
	partial

	T 5
	Growing stock
	- Growing stock (Total and commercial) (Million m3 (overbark))
	yes

	T 6
	Biomass stock 
	- above ground, below ground, dead (Million oven-dry metric tons)
	partial

	T 7
	Carbon stock 
	- above ground, below ground, dead, litter (Million metric tons)
	no

	T 8
	Disturbances affecting health and vitality
	- fire, insects, disease, other (Thousand ha)
	no

	T 9
	Diversity of tree species 
	- native, endangered, etc. (Number species)
	no

	T 10
	Growing stock composition 
	Growing stock of 10 most common species (million m3)
	yes

	T 11
	Wood removal 
	- Commercial products and Fuelwood (Thousand m3)
	no

	T 12
	Value of wood removal 
	- Commercial products and Fuelwood (Thousand USD)
	no

	T 13
	Non-wood forest product removal
	Metric tons by category
	no

	T 14
	Value of non-wood forest product removal
	Thousand USD by category
	no

	T 15
	Employment in forestry
	- Production and Services (Thousand persons)
	no


The national inventory programs in Mexico and the United States are mandated through legislation, while in Canada there is no compelling legislation. The national forest inventories in Mexico and the United States are managed by the federal governments while in Canada the inventory is compiled as an interagency cooperative project involving provincial, territorial and federal governments.

All three countries have initiatives for their national forest inventories that should provide the capability to support analysis and reporting at a continental level.  Through the NAFC Inventory, Monitoring and Assessment Working Group, the three countries are exploring options for increasing useful consistency between the countries, and moving towards a common North American framework for inventory and monitoring.  

This should simplify the compilation of a North American database in the future and facilitate a regional assessment of forest resources.

Recommendations

The recommendation is to continue to move towards a common North America framework for inventory and monitoring by:

1. Working with FAO to examine the issues of inconsistent boundaries.

2. Resolving outstanding issues with existing variables and examining additional common variables that could be added to the database.

3. Cooperating with other NAFC Working Groups to explore the value of the database for reporting on common issues.

References

Bailey, R.G. 1976. Ecoregions of the United States (map). Ogden UT: US Department of Agriculture, Forest Service, Intermountain Region.

Bailey, R.G. 1995. Descriptions of the ecoregions of the United States. Miscellaneous publication No. 1391. Washington D.C. US Department of Agriculture, Forest Service.

CETENAL 1976. La informacion CETENAL en la Zonification Agropecuria y Forestal, con finas de un manejo major aprovechamiento de los recursos naturals. México, D.F.

Ecological Stratification Working Group. 1995. A National Ecological Framework for Canada. Agriculture and  AgfriFood Canada and Environment Canada. Ottawa. Report  and National map at 1:7 500 000 scale.

FAO 2001. Global forest resources assessment 2000. Main Report.  FAO Forestry Paper 140. Rome. 481 pages.

Flores, M.G., J. Jimenez, X. Madrigal, F. Moncayo, and F. Takaki 1971. Memoria y mapa de los tipos de vegetacion de México. México : SARH.

Hills, G.A. 1961. The Ecological basis for Land Use Planning. Research Report No. 46 Ontario Department of Lands and Forests. Toronto.

Omernik, J.M. 1987. Ecoregions of the conterminous United States. Annals of the Association of American Geographers 77(1): 118-125.

Ricketts, T.H., E. Dinerstein, D. Olson, C. Loucks et al. 1999. Terrestrial Ecoregions of North America – A Conservation Assessment. World Wildlife Fund- United States and Canada. Island Press, Washington D.C. 485 pages. 

Appendices:

A. Listing of FAO Ecological Zones in North America

	FAO Ecological Zone

	Number
	Name

	1
	Tropical rainforest/Forêt tropicale humide/Pluviselva tropical

	2
	Tropical moist deciduous forest/Forêt tropicale humide semi-décidue/Bosque deciduo húmedo tropical

	3
	Tropical dry forest/Forêt tropicale sèche/Bosque seco tropical

	4
	Tropical shrubland/Terres arbustives tropicales/Tierra arbustiva tropical

	5
	Tropical desert/Désert tropicale/Desierto tropical

	6
	Tropical mountain/Montagne tropicale/Montaña tropical

	7
	Subtropical humid forest/Forêt subtropicale humide /Bosque húmedo subtropical

	8
	Subtropical dry forest/Forêt subtropicale sèche /Bosque seco subtropical

	9
	Subtropical steppe/Steppe subtropicale/Estepa subtropical

	10
	Subtropical desert/Désert subtropicale/Desierto subtropical

	11
	Subtropical mountain/Montagne subtropicale/Montaña subtropical

	12
	Temperate oceanic forest/Forêt tempérée océanique/Bosque oceánico templado

	13
	Temperate continental forest/Forêt tempérée continentale/Bosque continental templado

	14
	Temperate steppe/prairie/Steppe/prairie tempérée/Estepa/llanura templada

	15
	Temperate desert/Désert tempérée/Desierto templado

	16
	Temperate mountain/Montagne tempérée/Montaña templada

	17
	Boreal coniferous forest/Forêt boréale de conifères/Bosque de coníferas boreal

	18
	Boreal tundra woodland/Terre boisee boréale de toundra/Bosque de tundra boreal

	19
	Boreal mountain/Montagne boréale/Montaña boreal

	20
	Polar/Polaire/Polar


B.  Database Attributes

Table B –1.  A list of the database attributes and the capability of the countries to provide an estimate.  

	Attribute 
	Attribute and Definitions
	Canada
	USA
	Mexico

	Ecological Zones
	FRA - FAO Ecological Zone 
 
	Derived from Canada’s Terrestrial Ecozones
	Derived from overlay of FAO Zone map on field plots
	Crossed walked from INGEI maps to EZ maps

	Land class
	Forest

Other wooded land

Non-forest

Water

Unclassified
	Yes

Yes

Yes

Yes

Yes
	
	

	Ownership 
	Public - The ownership of Crown, State (national, state and regional governments) or government-owned institutions or corporations or other public bodies including cities, municipalities, villages and communes.
	Yes 
	Yes for forestland
	Yes for forestland

	
	Private - The ownership of forest land by individuals, families, private co-operatives, corporations, industries, religious and educational institutions, pension or investment funds, and other private institutions.
	Yes 
	Yes for forestland
	Yes for forestland

	Forest Type 
	A category of forest defined by its vegetation, particularly composition, and/or locality, as categorized by each country in a system suitable to its situation. 

· Coniferous – needleleaf, softwoods (monocotyledons). A  coniferous forest is more than 75 percent (or any other percent used by the country for this classification) of tree cover consists of coniferous forest tree species (Based on TBFRA 2000)

· Mixed - a mixed forest when it can not be classified either as coniferous or as broadleaved forest. (Source: Based on TBFRA 2000)

· Broadleaved - deciduous, hardwoods (dicotyledons). A broadleaved forest is more than seventy five percent (or any other percent used by the country for this classification) of the tree cover consists of broadleaved forest tree species.
	Yes for forestland 
	Yes for forestland 
	Yes under land 

	Biomass 

Woody biomass


	Total Tree Biomass (summed)- It is the total of “Above ground tree biomass” and “Below ground tree biomass”. The mass expressed as oven-dry weight (including bark) of the woody parts (stem, bark, branches and twigs) of all trees, alive and dead, shrubs and bushes, including stumps, roots, deadwood and litter.
	Yes 
	Yes for forest land
	Yes for forest land

	
	Above Ground Tree Biomass (summed) - include stumps.  The biomass, expressed as oven-dry weight of the aboveground woody parts (bark., stem, stump, branches, twigs and bark) of all living trees excluding roots.
	Yes 
	Yes for forest land
	Yes for forest land

	Volume


	Growing stock (summed) - central stem from stump to tip. Volume of all living trees more than X cm in diameter at breast height (or above buttress if these are higher) measured over bark from stump height to a top stem diameter of Y cm. Excludes: branches, twigs, foliage, flowers, seeds, stump and roots.
	Yes for

 Forest land
	Yes for forest land
	Yes for forest land
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