From Proceedings of the 100th IUFRO World Congress, Berlin Germany, September 1992

THE HISTORY OF THE FOREST SURVEY PROGRAM IN THE UNITED STATES
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Forest inventory in the United States probably began as Native Americans searched for medicinal products, housing materials, and firewood.  While Native Americans probably did not maintain records of species diversity, diameter distributions, and stand dynamics, a spatial record existed in the mind of the “cruiser.” The first recorded observations were part of Franciscan friar Marco de Niza's mission into the Southwest in 1539.  Early surveyors, such as George Washington, noted their surroundings as they surveyed tracts for patenting.

As the first colonists arrived in America, they were taken with the extent of the New World's forests and the seemingly inexhaustible supply of timber.  The entire Atlantic Coast appeared to be a solid stand of timber extending inland for a thousand miles (Albion 1926).  The composition of these forests was important for the settlers and for the English crown.  For example, the forests that extended from Nova Scotia to New Hampshire and westward across Connecticut and along the St.  Lawrence waterway were rich with eastern white pine, ideally suited for masts for the King's ships.  While the oaks of the central hardwood belt were not in such high demand by the Royal Navy, they did help alleviate the shortage of English oaks.  The southern forests also provided needed materials, such as naval stores.

These early markets were welcomed by the settlers since they provided a ready outlet for trees that otherwise would have been burned.  Albion (1926) reported that the first load of masts was probably shipped from Virginia in 1609.  Other materials began leaving the colonies for England and the Netherlands in the 1620's.

The sawmill industry became the economic backbone of new settlements in the northern colonies.  The first sawmill was built in 1623 near York, Maine.  Subsequently, sawmill establishment followed closely the frontiers of settlement.  Expansion of the sawmill industry in the colonies precipitated the New World's first formal inventory.  The ire it aroused foreshadowed the spirit of the Revolution (Albion 1926).

The “Surveyors General of His Majesty's Woods” were commissioned to locate and reserve for the throne's use any white pine over 24 inches (61 cm) in diameter.  While the “inventory” was begun as early as 1685, it was not codified until the Act of 1729, when the “Broad Arrow” policy began to be enforced.  John Wentworth was Surveyor General during the mid- to late-l700's.  One of his deputies marked over 6,000 trees.  The great fire of 1762 and the continued expansion of the lumber industry prompted Wentworth in 1771 to conduct a survey that covered north-central New England, Lake Champlain and the St.  Lawrence waterway, and eastern Maine.  Mast material was becoming increasingly scarce, causing “mast men to go a mile or two farther- -`every year- -being almost to the mountains” (Albion 1926).

As settlement progressed westward and population increased, the demands on the nation's forests grew.  More inhabitants meant more land was needed for agriculture, which meant more land needed to be cleared of trees.  More inhabitants also meant more demand for building materials- -namely lumber.  This demand was partially offset as farmers used trees from cleared fields for building materials; however, as centers of commerce developed, trees increasingly were harvested simply for lumber.  As the limits of the “inexhaustible” forests began to appear, concerned individuals and government agencies began seeking ways to estimate the general condition and extent of the forests.  One such study was Franklin Hough's three-volume “Report Upon Forestry” published from 1878 to 1882.  But the Hough report and others that followed were based on estimates, not inventories.  Because of their subjectivity, they could not allay arguments between those who felt resources were unlimited and those who predicted an impending timber famine.  The subjectivity is exemplified by estimates produced in 1909 and 1910--the former indicating “there were 400 billion board feet left in the United States, while the latter pronounced there were 530 billion board feet, an [annual] increase of 32 percent” (Doig 1976).  This variability underscored the need for a sound national forest inventory system.

In the early 1920's, Scandinavian countries started inventorying national forest resources using statistical methods.  In 1928, Dr.  Yrgo Ilvessalo of the Finnish national forest inventory met with President Calvin Coolidge and discussed these inventories and their methodology.  Shortly thereafter, the McSweeney-McNary Act of 1928 was passed.  This Act, which also created the federal Forest Research organization in the Forest Service, directed the Secretary of Agriculture “to make and keep current a comprehensive survey of the present and prospective requirements for timber and other forest products in the United States, and of timber supplies, including a determination of the present and potential productivity of forest land therein, and of such other facts as may be necessary in the determination of ways and means to balance the timber budget of the United States.” This one-sentence directive was the legal mandate for the national Forest Survey.

The organization created to carry out this mandate has evolved to six units located at Forest Service Research Stations.  They translate the various inventory needs into programs at the regional and State levels.  Because of the increasing complexity of research activities, personnel, and budgets, many of these units are changing from research work units to research programs.  This trend provides higher organizational stature for Forest Survey within the Research branch of the Forest Service.

The national Program began in the Douglas-fir region on the west side of the Cascade Range in Washington and Oregon.  Although these forests extended only over about 30 million acres (12.1 million ha), the region contained a major share of the nation's remaining sawtimber volume, much of which was in tremendous old-growth stands.  Another reason for starting the forest survey in Oregon was that one of the sponsors of tee enabling legislation, Charles L.  McNary, was Oregon's Republican Senator.

Planning for the initial survey began in early 1929 when Thorton T.  Munger, armed with a $30,000 budget, began hiring personnel and preparing for field work.  But how was he to do the field work? Sweden and Finland had employed the Line-plot Method for their forest surveys; however, the rugged terrain and the difficulty of access in the Cascades would make this type of cruise difficult at best.  Moreover, cruise records were already 

available for many private holdings.  And some National Forests had been inventoried in preparation for timber sales or land classification.  Thus, hunger elected to use what he called the Compilation Method, using existing information and supplementing it with new cruise data where necessary.  These cruises resulted in a revised volume estimate and the development of a forest type map.  The system was fondly referred to as an “intensive application of an extensive reconnaissance” (Doig 1976).In 1930, data acquisition finally got underway in Washington County, Oregon.  The survey was initiated in three additional counties later that year, and several other events set precedents for future survey activities.  First, strip cruising was tested in the Willamette Valley; second, major cooperation was obtained from the forest industry giant, Weyerhaeuser Timber Company; third, an experiment using aerial photography of rugged terrain was arranged; and fourth, considerable time was spent enlisting financial support from State cooperators.

Later in 1930, G.  H.  Lentz visited Portland, Oregon, to study the survey methods and procedures in anticipation of a similar survey in the southern United States.  Lentz concluded that the Line-plot Method was better suited to the more uniform topography and stands of the southern pine country.  This decision concerned Forest Service national headquarters personnel.  The director of the survey began having second thoughts about the Compilation Method.  Lewis County, Washington, was selected to test the methods due to its varied forest conditions and topography.  The results indicated that the Line-plot Method was slightly more precise in revealing small hardwood stands within extensive coniferous forests; the Compilation Method was more flexible for difficult terrain and stands of varying sizes.

The forest survey of the western Cascades was completed at the end of 1932.  That year also marked an expansion of the survey into the Inland Empire, starting in Benewah County, Idaho.  Again, the Compilation Method was the preferred strategy for aggregating forest area and volume estimates.  The survey was begun in the South and in the Lake States during 1932; the Line-plot Method was the preferred sampling strategy for these areas.

As the decade of the 1930's drew to a close, the survey had been begun, and in some instances completed, in most of the important timber States.  These included Oregon and Washington on both sides of the Cascade Range, the Inland Empire (eastern Washington, northern Idaho, and western Montana), all of the South except Tennessee, and the Lake States (Michigan, Wisconsin, and Minnesota).  In addition, the survey had been conducted in Kansas and South Dakota.

The outbreak of World War II put a temporary halt to the forest survey, but field activity resumed in the late l940's.  At the close of the decade more States joined those where forest surveys had been begun.  Several States, primarily in the southern United States, had even been revisited.

The decade of the 1950's was the most active in beginning the national survey.  Field locations were established in the States where forest survey had been inactive before the war.  As the decade closed, the first cycle of the forest survey was nearly complete.  Only Nevada, Arizona, and New Mexico had yet to be inventoried.  Work began in these States in 1962.  Even though the first cycle took nearly 30 years to complete, several States underwent a second cycle during that period, and some even underwent a third.  All of the States that had been inventoried before World War II were revisited between 1945 and 1959.  Four southern States were revisited twice.

The 1960's and 1970's brought significant funding increases to Forest Survey, resulting in an explosion of activity.  During this period more States, particularly in the South and the Pacific Northwest, were revisited twice.  With the exception of Idaho, North Dakota, and Nebraska, all States saw some element of the forest survey.  As the 1970's came to a close, the average survey cycle was approaching 13 to 15 years.

The 1960's and 1970's pale in comparison to the 1980's.  During this decade, every State except Utah and Ohio had active field measurement or remeasurement.  The national survey cycle was approaching 12 years with the cycle in the South dropping to an unprecedented 8 to 9 years.

Funding increases and an expansion in cooperator support- -both fiscal and political--promise to make the decade of the 1990's the most productive in Forest Survey's history.  The objective is to bring the national cycle to 10 years, with a 5 to 6 year cycle in the South.  Ambitious, but achievable objectives.

Certainly, funding increases and additional personnel are some of the reasons the cycle has been shortened.  Improved enumeration techniques are another reason.  The Compilation Method was very time consuming.  It required locating sources of local cruise data, and adjusting estimates of forest conditions, species, and volume of timber to Forest Survey standards.  Acres of merchantable timber not covered by public or private cruise data were inventoried using the Line-plot Method or “washed in” with adjacent, cruised areas; or the volume was determined by visual estimates.  The method used depended on the value of the timber; that is, if the forest was valuable Douglas-fir or white pine it would be sampled using the Line-plot Method.  Less valuable or desirable types would be “washed in” or estimated.

Type maps also were required for the entire area being sampled.  A county was systematically covered by field personnel who delineated forest from nonforest, commercial forest from noncommercial, Douglas-fir type from ponderosa pine, and so on.  These maps produced a strata area.  The “compiled” cruise data provided the strata-per-acre volume estimates summarized to produce the reports.

All of these tasks were labor intensive.  The Line-plot Method of cruising was time consuming, as the Lewis County, Washington, experiment proved.  It took 960 workdays to complete a series of 1/4-acre (.10 ha) circular plots located on a grid measuring 240 chains (4.8 km) by 10 chains (.2 km).  Robert Cowlin, who was in charge of the experiment, wrote “an 8-hour day was unheard of for in some instances it would take several hours or more to reach the [start of] line in the morning and a like amount of time to return to the vehicle in the evening.” He described the time required to do the job as the “Arkansas day” of from “can see to cain't see” (Doig 1976).Changes in sampling techniques began to appear after World War II.  The Line-plot and Compilation Methods were replaced with more “modern” procedures.  One such technique was cluster sampling on a fixed spacing, determined either from a systematic selection of photo points or U.S.  Government Land Office section corners.  Most of the clusters consisted of fixed-area circular plots of sizes that varied depending on the diameter at breast height (d.b.h.) of the trees being sampled.  Usually, three subplots were used.  The largest was used to measure sawtimber-size trees, the medium was used to measure pole-size trees, and the smallest was used to measure seedlings and saplings.  As these plots were sampled, the crews also ran transects that were used to adjust the area estimates determined from type maps produced during an earlier cycle.

The application of concentric fixed-area plots was driven by time and funding constraints.  Sampling any population with probability proportional to frequency means items with high occurrence will be sampled more heavily than items that occur rarely.  In a forest situation this usually translates to more seedlings being sampled on a large fixed plot than necessary to adequately describe the forest condition.  By tallying smaller stems only on the smaller plots, the work required to sample the forest is reduced without compromising the objective of accurately portraying the forest.

Another change during this period was adoption of proportional, rather than optimal or purposive, allocation of the sample.  During the first survey cycle many samples were established in “Stands of Preference” based on strict rules favoring sawtimber over all other stand sizes, and certain forest types, such as Douglas-fir, over others.  Since the second cycle, most survey activities have used proportional allocation in selecting locations for field visits.  That means stands are sampled in proportion to their abundance, rather than some predetermined objective.

The use of concentric fixed-area circular plots throughout the country during the 1950's led to the next major change in sampling techniques.  In 1948, Bitterlich published his approach to sampling using an angle gauge.  In 1952, Grosenbaugh extended the point sampling concept to include estimates of tree volume, tree frequency, and tree basal area per acre.  Moreover, during the 1954 forest survey of east Texas, Grosenbaugh compared the means and precision of point sampling with those of plot sampling.  The results showed only 0.1 percent difference in the basal area or cubic volume estimated by the two methods.  Even though 20 percent more points than plots were needed to achieve identical sampling errors, point samples required measuring and tallying only one-fourth as many sample trees.

Most inventories begun in the late 1950's and early 1960's adopted the point-sampling approach.  The basal area factor (BAF) 10 was used on two points 5 chains (100 m) apart in the East, and a 40 to 80 BAF was used in the West.  In 1967, nearly 40 years after Forest Survey was mandated, procedures and definitions developed after years of research and field testing were codified in Forest Survey Handbook 4813.  The basic design revolved around a 10-point cluster systematically distributed over approximately l acre (.4 ha).  The basal area factors were set at 37.5 for the East and 40, 75, or 80 for the West, depending on the size of timber being inventoried.  The larger the timber, the larger the basal area factor.  The Handbook standardized the types of lands that were to be sampled.  During the initial cycle and several repeat inventories, less valuable forest types were overlooked.  The manual required that at least a photo sample be taken on noncommercial and reserved forest land.  Reserved lands are those that are unavailable for commercial timber harvest because of special designations, such as wilderness.  From the late 1950's and early 1960's through the present, the sampling design used almost universally by Forest Survey is the two-phase or double sample for stratification.  Phase I involves aerial photo interpretation and characterization of land cover and certain other stable geographical and political features.  Phase II involves visiting ground plots that may or may not be subsamples of the Phase I photo points.  The ground plots consist of clusters of 5 to 10 points distributed over a sample acre (.4 ha).  The probability that trees on the ground plots will be measured is proportional to their size for trees 5.0 inches (12.7 cm) d.b.h.  and larger.  Smaller trees are tallied on a fixed-area plot, commonly 1/300 acre (.001 ha) in size.

Other sampling schemes have been tested for inventories and for midcycle updates.  Sampling with partial replacement was used in the northeastern United States starting in the 1960's.  It continued to be used for more than a survey cycle.  Sampling with probability proportional to prediction combined with point sampling was used to update resource estimates for Mississippi.  Today, however, virtually every inventory--initial, remeasurement, midcycle- -uses the double sample for stratification or some variant.

The initial mandate for Forest Survey was very specific.  Timber was the main concern--timber requirements, timber supply, and balancing the two.  During the 1970's, a growing awareness of the complex interactions among the many forest uses, together with recognition of acute problems in the budgeting process, led Congress to pass the Forest and Rangeland Renewable Resources Planning Act (RPA) of 1974 and the Forest and Rangeland Renewable Resources Research Act of 1978.  The RPA has been described as a bold new experiment in resolving resource issues.  It directed the Secretary of Agriculture to prepare an Assessment of the nation's forest and rangeland resources every decade and to develop a long-range program to guide the orderly development of the natural resources on the National Forests.  And, most important for Forest Survey, both laws expanded the inventory mandate to all renewable resources on the nation's forests and rangelands.

The approach taken by Forest Survey Unit's in the mid-1970's was to expand the timber-oriented inventory into a broader, multiresource activity using established methods.  Practically all of the Forest Survey Units now gather data on wildlife habitat, recreation, forested range for livestock, soil, and water.

The number of variables now being measured or observed gives some indication of the change in inventory emphasis.  Before 1974, most crews 

collected fewer than 60 timber variables on each plot.  Today, more than 150 items may be recorded at each location.  More than half of these are related to land use, vegetation structure, and other site descriptors that have no direct relationship to timber supply.  Recent concern about environmental problems and their effects on forest condition prompted passage of the Forest Ecosystem and Atmospheric Pollution Research Act of 1988.  The Act directed the Forest Service to monitor long-term trends in the health and productivity of forest ecosystems in the United States.  Monitoring was defined as “repeated recording of pertinent data over time for the purpose of comparison with a reference system or baseline.” The goals of the program are to detect change, evaluate the cause of any change, and enhance the ability to predict or mitigate change.  Three tiers of monitoring were established- -detection, evaluation, and intensive site ecosystem monitoring (Radloff and others 1991).

Forest Survey was assigned the responsibility for detection monitoring.  A network of “sentinel plots” is being established in cooperation with the Environmental Protection Agency's Ecosystem Monitoring and Assessment Program.  Annual revisits are planned.  Information collected at these locations will be much more detailed than information collected during regular forest surveys.  For example, plants will receive a more detailed taxonomic classification, soil and foliage samples will be collected for chemical analysis, damage to each tree's crown will be assessed, and photosynthetically active radiation will be measured with ceptometers.  A typical Forest Survey crew is composed of two foresters or forestry technicians.  The typical Forest Health Monitoring crew is made up of graduate level ecologists, foresters, botanists, logisticians, entomologists or pathologists, and soil scientists.  As many as seven crew members representing different disciplines may visit a Forest Health Monitoring location.  While a Forest Survey crew can inventory a plot or so per day, this year's experience in Colorado indicates two 7-person crews with additional support staff will need 12 weeks to inventory 40 plots.

The forest health detection network will provide data on forest dynamics, regionally and nationally, once it is established.  Detection monitoring should provide the data to distinguish changes that occur as the result of natural processes within an ecosystem from those resulting from human activities.

Forest Health Monitoring uses the established Forest Survey sampling grid.  It will allow rapid response to subtle ecosystem changes while overlapping very little if any with the traditional work of Forest Survey.

As more and more is asked of the Forest Survey, alternative methods must be evaluated to determine the best and least expensive techniques to get the job done.  Research is currently being conducted on the use of computerized Geographic Information Systems to characterize landscapes, evaluate biodiversity, and simulate effects of timber harvesting and other changes.  Imagery from airborne high-resolution video and satellites, such as the Advanced Very High Resolution Radiometer and the Landsat Thematic Mapper, Is also being evaluated as an alternative to conventional aerial photography.  The intent of this research is to develop quicker and more efficient means of estimating area and measuring landscape changes.  With more complete and more current information, managers and policy makers can deal more effectively with the resource issues facing them.  Since its beginning, Forest Survey has played an important role in managing the nation's forest resources and in their orderly development.  It has helped guide industrial expansion into the most suitable and opportune locations.  It has acted as a watchdog to identify problems that exist or may be developing in the timber supply.  It has provided forest resource information for planners and policy makers, and has also provided expert advice for solving complex resource questions.  It has improved the reliability and usefulness of forest resource statistics and the analyses of resource findings.  High standards set in its early days have established a tradition for full, unbiased, factual presentation of forest resource information.

Much of the Forest Survey Program focuses on gathering data and reporting statistics.  But the staff also includes a dedicated and capable cadre of scientists who evaluate forest resource trends, develop techniques, and adapt the latest technology for the survey.  Throughout its existence, Forest Survey has had an international reputation for leadership in resource inventory.  In recognition of the Program's expanded scope and responsibility, the organization's name has been changed to Forest Inventory and Analysis, FIA.
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