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Preface 
In 2006, data analysts from the U.S. Forest Service Forest Inventory and Analysis Program (FIA) 

and other organizations gathered in Park City, Utah, for a multiday training session on analyzing 

and interpreting the first round of forest health (Phase 3) data collected by FIA. At that time, a 

training packet was developed for the crown-condition indicator that included an analysis guide 

with recommended core tables for FIA reports and a bibliography of the reference literature, as 

well as SAS® software utilities for processing crown data. Since then, the crown-condition 

classification protocols and crown-condition data collected by FIA have been utilized in multiple 

studies. This document updates the original analysis guide with reference to these more recent 

examples and serves as an informal supplement to the Crown-Condition Classification Guide to 

Data Collection and Analysis by Schomaker and others (2007). The original analysis guide and 

training packet are archived on the crown-condition indicator webpage 

(https://www.fs.usda.gov/srsfia/crowns/analysis.shtml). 

 

Grove of aspen trees in Park City, Utah. (Photo by KaDonna Randolph) 

 

https://www.fs.usda.gov/treesearch/pubs/27730
https://www.fs.usda.gov/treesearch/pubs/27730
https://www.fs.usda.gov/srsfia/crowns/analysis.shtml
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1. Overview of the Crown Indicator 
 Tree crowns convert solar radiation into the photosynthate required for tree growth, repair, 

and maintenance. It is well known that these processes are related to tree crown dimensions 

(Zarnoch and others 2004).  

 The crown indicator was initially implemented to establish correlations among these 

relationships (crown condition and tree growth/maintenance); and to monitor spatial and 

temporal trends associated with tree crown health at the ecosystem and regional levels.  

 Crown data collection originated in 1990 with implementation of the U.S. Forest Service 

Forest Health Monitoring Program (FHM).  

o Crown data were collected and managed by FHM between 1990 and 1999.  

o Crown data have been collected and managed by the U.S. Forest Service Forest 

Inventory and Analysis Program (FIA) since the integration of the FHM detection 

monitoring plots into FIA in 2000.  

o When originally implemented, the intention was to collect crown data for each 

sampled tree every year. This was practiced until 1995, when it was decided to record 

crown data for each tree once per four-year cycle.  

o With the FIA/FHM integration in 2000, the cycle length was increased to 5 years. In 

2005, the cycle length was modified to accommodate FIA’s variable-length cycles 

(typically 5, 7, or 10 years).  

 Crown indicators are tree-level variables that include both “absolute indicators” and 

“composite indicators” (table 1.1). 

Table 1.1—Summary of crown indicator levels and their associated indicators. 

Indicator name 

Applicable 

tree size1 

Reporting 

units Bounds Scale 

Absolute indicators 

Uncompacted live crown ratio (UCR) ≥1.0 in.  1 percent2  0 ≤ UCR ≤ 100 Ratio 

Crown light exposure (CEXP) ≥1.0 in. 5 classes 0 ≤ CEXP ≤ 5 Ordinal 

Crown position (CPOS) ≥1.0 in. 4 classes 1 ≤ CPOS ≤ 4 Nominal4 

Crown diameter5 (CDIA) ≥5.0 in. 1 ft. CDIA ≥ 0 Ratio 

Crown density (CDEN) ≥5.0 in. 21 classes3 0 ≤ CDEN ≤ 100 Ratio 

Crown dieback (CDBK) ≥5.0 in. 21 classes3 0 ≤ CDBK ≤ 100 Ratio 

Foliage transparency (FTRAN) ≥5.0 in. 21 classes3 0 ≤ FTRAN ≤ 100 Ratio 

Crown vigor (CVIG) 1.0–4.9 in. 3 classes 1 ≤ CVIG ≤ 3 Ordinal 

Composite indicators 

Composite crown volume (CCV) ≥5.0 in. cu. ft. CCV ≥ 0 Ratio 

Composite crown surface area (CCSA) ≥5.0 in. sq. ft. CCSA ≥ 0 Ratio 

Crown production efficiency (CEFF) ≥5.0 in. index CEFF ≥ 0 Ratio 

Crown shape ratio (CSHAPE) ≥5.0 in. index CSHAPE ≥ 0 Ratio 
1Diameter at breast height (d.b.h.) or root collar (d.r.c.) 
2Reported in five-percent classes (see footnote 3) prior to 2005. 
3Five-percent classes coded as 0, 05, 10, 15, ..., 99, where the code represents the upper limit of the class.  
4Crown position can be converted to an ordinal variable if the open-grown category is combined with the 

overstory category.  
5Crown diameter measurements are not available for post-1999 FIA datasets. 
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1.1 Absolute Indicators 
Absolute indicators are recorded directly in the field by two-person field crews. Crew members 

maneuver around the site to obtain the best view of the crown. Ideally, they are positioned at 90-

degree angles at least one tree length away from the base of the tree. Absolute indicators are 

described in great detail in the Crown Condition Field Methods Guide (USDA Forest Service 

2005). 

1.1.1 Uncompacted Live Crown Ratio 

Uncompacted live crown ratio is the portion of a tree that supports live foliage relative to tree 

length (fig. 1.1). Live crown length is the distance from the live crown top (dieback in the upper 

portion of the crown is not part of the live crown) to the "obvious live crown" base. The ratio is 

determined in the field by dividing the length of the uncompacted live crown by the “actual tree 

length” (as defined by the FIA variable of the same name), then multiplying by 100 to express 

the ratio as a percentage. Uncompacted live crown ratio is recorded in one-percent classes for all 

trees ≥1.0 inch diameter at breast height (d.b.h.).  

Proper establishment of the lower base of the crown is fundamental to obtaining the correct value 

for this indicator, as well as crown density and crown dieback, because the latter two are based 

on a “crown outline” that depends on the location of the crown base. 

History: Uncompacted live crown ratio was recorded in 5-percent classes from 1990–2004. 

Beginning in 2005, uncompacted live crown ratio was recorded in 1-percent increments. In 

addition, significant protocol changes were implemented in 2005 that affect leaning trees and 

trees with dead tops:  

 Leaning trees: Prior to 2005, the crown top and tree length used for uncompacted crown 

ratio were based on height above the ground as opposed to tree length (fig. 1.2). This 

protocol change is not likely to impact trees with less than a 45 degree lean. Leaning trees 

can be identified with the FIA “lean angle variable” collected from 2000–2003, i.e., FIA 

Field Methods Guide v. 1.0 and 1.7.  

 Dead tops: Prior to 2005, the tree length in the denominator of uncompacted live crown 

ratio was based on height to highest live foliage (fig. 1.3). In 2005 the tree length for the 

crown ratio estimate was changed to the actual tree length as defined by the P2 variable 

“actual tree length” so that the denominator of uncompacted crown ratio now includes 

dead tops (but not missing tops). Trees with missing tops can be identified by checking to 

determine if actual height equals total height. Trees with dead tops (still attached) are not 

as easily identified, but tree notes or damage codes may be useful for this purpose. In 

most cases, the highest live foliage usually coincides with actual tree length and likewise, 

actual tree length typically coincides with total tree length.  

Purpose: Uncompacted live crown ratio was developed and implemented as an alternative to 

FIA’s traditional “compacted crown ratio” for the following reasons: (1) it is more objective than 

compacted crown ratio; (2) it is specifically designed to be used in conjunction with the other 

crown indicators; and (3) it yields a more accurate picture of foliage distribution throughout the 

forest canopy to address issues such as wildlife habitat and fuel laddering.  
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Figure 1.1—Uncompacted live crown ratio (
𝑥

𝑦
× 100) examples for data collected after 2004. 

Note that x and y are based on tree length rather than height above the ground (as seen in figure 

1.2) and y is based on actual tree length instead of height to highest live foliage (as seen in figure 

1.3).  

 

Figure 1.2—Prior to 2005, the crown top and tree length used for uncompacted live crown ratio 

were based on height above the ground as opposed to tree length (as seen in figure 1.1). 
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Figure 1.3—Prior to 2005, the tree length in the denominator of uncompacted live crown ratio 

(y) was based on height to highest live foliage as opposed to actual tree length (as seen in figure 

1.1). 

1.1.2 Crown Diameter 

Crown diameter is the arithmetic mean (in feet) of two crown axes associated with the “drip-line 

of the tree.” The first diameter is the widest axis of the crown; the second is at 90 degrees from 

the widest axis (fig. 1.4).  

History: Crown diameter was recorded consistently for all trees ≥5.0-inches d.b.h. from 1990–

1999, but was dropped with the FHM/FIA integration in 2000. Ramifications of this decision for 

the composite indicators is discussed in section 1.2.  

Purpose: Crown diameter is necessary for the calculation of crown volume and other composite 

crown indicators; it also provides a measure of foliage distribution throughout the canopy. 

1.1.3 Crown Density 

Crown density is the amount of sunlight blocked by crown biomass, i.e., the crown stem, live 

and dead branches, twigs, shoots, buds, foliage, and seeds. The area rated is based on the 

expected crown outline for trees of similar size and species, ranging from the crown base (as 

selected for uncompacted crown ratio) to the top of the tree defined by the FIA variable “total 

tree length” (fig. 1.5). Crown density is recorded in five-percent classes for all trees ≥5.0-inches 

d.b.h. Protocols for crown density remain unchanged since original implementation in 1990.  

History: Crown density has been recorded consistently since 1990. This includes the handling of 

leaning trees, dead tops, and missing tops for purposes of establishing a crown outline.  

Purpose: The primary and original purpose of crown density was to measure defoliation in 

conifers. It is also used to adjust crown volume estimates for holes, gaps, and missing portions of 

the crown. Regarding volume adjustments, note that the crown outline for density is based on 

total tree length, whereas uncompacted crown ratio is based on actual tree length. Total tree 

length includes both dead and missing tops; actual length does not include missing tops. An 

algorithm to adjust crown length for this difference is included in the composite crown volume 

portion of section 1.2. 
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Figure 1.4—Crown diameter measurement. 

 

Figure 1.5—Crown density outline examples. 
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1.1.4 Crown Dieback 

Crown dieback is recent mortality of branches that involves fine twigs at the terminal portion of 

a branch and proceeding toward the trunk. Dieback pertains only to the upper and outer portions 

of the tree (fig. 1.6). Dead branches in the lower live crown are not counted as dieback unless 

there is continuous dieback from the upper and outer crown down to those branches. As opposed 

to the crown outline used for density, percent dieback is relative to the “non-missing” portion of 

the crown outline. Dieback is recorded in five-percent classes.  

History: Crown dieback has been measured consistently since 1990.  

Purpose: Crown dieback is intended as a measure of recent crown stress. Note that it is not 

cumulative. With time, dieback contributes to reductions in crown density and volume, but the 

same section of dieback is not repeatedly recognized as dieback as fine twigs are shed and the 

crown recedes. 

 

Figure 1.6—Crown dieback rating examples. 
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1.1.5 Foliage Transparency 

Foliage transparency is the amount of skylight visible through just the live portion of the crown 

where foliage or remnants of foliage are present (fig. 1.7). All crown structures besides foliage 

are ignored. Recently defoliated live branches are included in foliage transparency 

measurements. Dieback and dead branches are excluded from the estimate. Foliage transparency 

is different from crown density because it concentrates on foliage and ignores stems, branches, 

fruits, and holes in the crown. Foliage transparency is recorded in five-percent classes.  

History: Foliage transparency has been measured consistently since 1990.  

Purpose: The primary and original purpose of foliage transparency was to measure defoliation in 

hardwood species. Foliage transparency is not currently utilized in any composite indicators. 

 

Figure 1.7—Foliage transparency examples. 
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1.1.6 Crown Light Exposure 

Crown light exposure measures the amount of direct sunlight a tree receives when the sun is 

directly overhead. This is done by dividing the tree crown into five sections—four equal vertical 

faces and the top (fig. 1.8). Each section is given a value of 0 or 1 depending on its exposure to 

light. In order to count a side as exposed to light, that side must have an uncompacted crown 

ratio of 30 percent. The final value is the sum of the values from all five sections.  

History: Crown light exposure was initially implemented by FHM in 1997. The current coding 

system was adopted in 1998, and the crown exposure variable has been recorded consistently 

since then. The coding system used in 1997 is not compatible with the coding system used in 

subsequent years.  

Purpose: Crown light exposure and position were introduced as alternatives to the Kraft “crown 

class” system utilized by FIA and originally developed in 1884. Data quality analysis of the 

traditional crown-class variable revealed poor repeatability caused by ambiguities between 

canopy position and light exposure. These two main elements of crown class were thus divided 

into separate variables—crown position and crown light exposure (Bechtold 2003a).  

Although crown light exposure and crown position are listed as absolute crown indicators, their 

primary value lies in their utility for adjusting other crown indicators for micro-site conditions 

associated with light interception and competitive position. 

1.1.7 Crown Position 

Crown position refers to the position of an individual crown relative to the surrounding overstory 

canopy. Crown position is measured by assigning a position code to each tree individually, 

except in sparsely forested open-grown stands. The codes 1, 2, 3, and 4 represent the superstory, 

overstory, understory, and open grown crown positions, respectively (fig. 1.9).  

History: Crown position was initially implemented by FHM in 1997, and has been recorded 

consistently since then.  

Purpose: Crown light exposure and position were originally introduced as alternatives to the 

Kraft “crown class” system originally developed in 1884. Data quality analyses of the crown-

class variable revealed poor repeatability created by ambiguities between canopy position and 

light exposure in the traditional definitions. These two main elements of crown class were thus 

divided into separate variables—crown position and crown light exposure (Bechtold 2003a).  

Although crown light exposure and crown position are listed as absolute crown indicators, their 

primary value lies in their utility for adjusting other crown indicators for micro-site conditions 

associated with light interception and competitive position. 
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Figure 1.8—(A) Divisions of the crown for rating crown light exposure and (B) example of a 

crown with an exposure rating of 2. 

 

Figure 1.9—Crown position examples. Crown light exposure ratings are also noted. 
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1.1.8 Crown Vigor Class 

Crown vigor class is a visual measure designed to categorize saplings into three broad vigor 

classes of good, medium, and poor (fig. 1.10):  

 Vigor class 1: Uncompacted live crown ratio of 35 percent or higher, less than 5 

percent crown dieback, and at least 80 percent of the existing foliage classified as 

normal.  

 Vigor class 2: Saplings that do not meet Vigor Class 1 or 3 criteria.  

 Vigor class 3: Saplings with less than 20 percent of existing foliage classified as 

normal.  

History: Crown vigor has been measured consistently for saplings (1.0–4.9-inches d.b.h.) since 

1990. It was also measured for seedlings (< 1.0-inch d.b.h.) on FHM plots from 1990–1999.  

Purpose: The crowns of seedlings and saplings are not mature enough to apply the suite of crown 

indicators used for larger trees, so the crown vigor variable was developed as a simpler, more 

practical alternative. 

 

Figure 1.10—Sapling crown vigor rating criteria. 
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1.2 Composite Indicators 
Composite indicators are computed from absolute indicators and based on multiple crown 

dimensions. Although absolute indicators have the advantage of simplicity, they are 

disadvantaged in that each represents only a single aspect of crown structure. Composite 

indicators formulated from multiple crown dimensions better represent a tree's potential to 

capture and utilize solar energy. 

1.2.1 Composite Crown Volume 

Composite crown volume (CCV) is a measure of crown dimension and fullness as approximated 

by a paraboloid and is calculated as follows:  

𝐶𝐶𝑉 = (0.5𝜋𝑅2(𝐶𝐿)) (
𝐶𝐷𝐸𝑁

100
)     (1) 

where  

R  =  CDIA / 2 = mean crown radius,  

CL  =  AL (UCR/100)+ (TL-AL) = crown length (ft.),  

AL =  actual tree length (ft.),  

TL  =  total tree length (ft.),  

CDIA  =  mean crown diameter (ft.),  

UCR  =  uncompacted live crown ratio (percent), and  

CDEN  =  crown density (percent).  

Note that the first portion of equation 1, (0.5πR2(CL)), approximates the volume of a parabola 

(actually, a parabolic revolution), and the second part, i.e., CDEN/100, estimates the portion of 

the parabola filled with crown biomass. Although not necessary for all analyses, the estimation 

of crown volume may be fine-tuned to accommodate other crown shapes. For example, the 

parabola specified by equation 1 can be modified to a cone by changing the 0.5 to 0.33. The 

latter would be more precise for species such as spruce and fir. Highly tuned estimates of 

individual crown volumes are not possible in the absence of field classification of crown shape, 

but crude species-level adjustments are possible if desired. Additional equations for the volumes 

and surface areas of geometric forms common to tree crowns can be found in Husch and others 

(1982).  

1.2.2 Composite Crown Surface Area 

Composite crown surface area (CSA) is a measure of crown dimension and fullness as 

approximated by a paraboloid and is calculated as follows: 

𝐶𝑆𝐴 =
4𝜋𝐶𝐿

3𝑅2
[(𝑅2 +

𝑅4

4𝐶𝐿2
)
1.5

− (
𝑅4

4𝐶𝐿2
)
1.5

]
𝐶𝐷𝐸𝑁

100
   (2) 

where  

R  =  CDIA / 2 = mean crown radius,  

CL  =  AL (UCR/100)+ (TL-AL) = crown length (ft.),  

AL =  actual tree length (ft.),  

TL  =  total tree length (ft.),  

CDIA  =  mean crown diameter (ft.),  

UCR  =  uncompacted live crown ratio (percent), and  

CDEN  =  crown density (percent).  
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1.2.3 Crown Production Efficiency and Crown Shape Ratio 

In addition to crown volume and surface area, crown shape ratio (CSHAPE) and crown 

production efficiency (CEFF) have also been related to a tree's potential to capture and utilize 

solar energy (Larocque and Marshall 1993, 1994a, 1994b; Perry 1985; Ford 1985). These are 

defined as  

𝐶𝑆𝐻𝐴𝑃𝐸 =
𝐶𝐷𝐼𝐴

𝐶𝐿
       (3) 

and 

 𝐶𝐸𝐹𝐹 =
𝐶𝑆𝐴

𝐶𝐶𝑉
        (4) 

where 

CDIA  =  mean crown diameter (ft.),  

CL  =  AL (UCR/100)+ (TL-AL) = crown length (ft.),  

AL =  actual tree length (ft.),  

TL  =  total tree length (ft.),  

UCR  =  uncompacted live crown ratio (percent),  

CSA  =  composite crown surface area, and 

CCV  =  composite crown volume. 

1.3 Data Quality 
In order to ensure quality data collection, audits of the field crews’ work are performed during 

each field season (Pollard 2005). “Cold checks” are performed by seasoned auditing crews who 

remeasure a field plot without the field crew’s knowledge and without knowledge of the field 

crew results, i.e., double-blind check. Results from the two assessments are compared for 

agreement to see if the measurement quality objectives (MQOs) established for each indicator 

are met. The MQOs for crown density, crown dieback, and foliage transparency are set at 90 

percent within ±10-percent. That is, the assessments from the auditor and field crews are 

expected to be within two five-percent classes of each other 90 percent of the time.  

Quality assessment summaries of the crown-condition data indicate that MQO agreement varies 

by indicator and region (Pollard and Smith 1999, Pollard and Smith 2001, Westfall and others 

2009). In all instances, crown dieback has proven be the most repeatable measurement within the 

crowns indicator suite with overall compliance rates ≥ 94 percent (table 1.2). On the other hand, 

MQO compliance for crown density repeatedly fell below the 90-percent target (table 1.2), with 

total compliance rates across all regions of 75-percent in 1998, 82-percent in 1999, and 72-

percent in 2002–2004. In general, MQO compliance rates were effectively met for foliage 

transparency and crown light exposure but not uncompacted live crown ratio, crown position, 

and sapling crown vigor class (table 1.2). MQO compliance for crown position varied 

substantially by region, due in large part to repeatability problems with open-grown 

classifications in the western regions (table 1.2). 

In light of the MQO results, a high level of confidence may be placed in the quality of the crown 

dieback and foliage transparency assessments. Crown density warrants less confidence. If, or 

how, MQO agreement results should be incorporated into the crown condition indicator point-in-

time and change estimates has yet to be explored. Only one recent document (Conkling and 

others 2005) has presented QA results as a part of a general forest health report.  
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Table 1.2—Percentage of observations that were within the measurement quality objectives set 

for each variable, by region and year. 

 Crown variable1 

Year and region CDEN CDBK FTRAN UCR CEXP CPOS CVIG 

 - - - - - - - - - - - - - percent2 - - - - - - - - - - - - - 

19983 

North  81 / 75 98 / 100 95 / 83 --- --- --- --- 

South  67 / 77 99 / 98 92 / 92 --- --- --- --- 

Interior West 100 / 72 100 / 100 95 / 99 --- --- --- --- 

19994 

Northeast  79 / 73 98 / 100 92 / 89 80 / 84 --- --- --- 

North Central  81 / 71 100 / 100 93 / 96 67 / 86 --- --- --- 

South  74 / 90 98 / 100 100 / 100 70 / 90 --- --- --- 

Interior West  91 / 79 94 / 98 97 / 99 84 / 85 --- --- --- 

West Coast  95 / 93 100 / 98 100 / 99 92 / 90 --- --- --- 

2002–20045 

Northeast 61 90 78 68 84 81 82 

North Central 79 97 95 88 90 90 71 

South 79 97 87 75 87 90 80 

Interior West 68 96 96 83 84 71 63 

West Coast 68 97 97 68 93 78 25 
1CDEN = crown density. CDBK = crown dieback. FTRAN = foliage transparency. UCR = uncompacted live 

crown ratio. CEXP = crown light exposure. CPOS = crown position. CVIG = sapling crown vigor class. 
2For all species combined when one number is listed. For hardwoods and softwoods, respectively, when two 

numbers are listed.  
3Pollard and Smith (1999). 
4Pollard and Smith (2001). 
5Westfall and others (2009). 

2. Data Availability 

2.1 Data Collected by FHM, 1990–1999 
The history of crown data collection from 1990–1999 is provided in Appendix A. The FHM 

sampling grid was based on four panels (0, 1, 2, 3). In some states all four panels were measured 

in a single year (usually the first year a state came on line); in other states only one panel per 

year was measured. In 1996, a 1/12 panel overlap from the previous year was added in order to 

measure a subset of trees two years in a row. As shown in Appendix A, Minnesota and Maryland 

had 2X intensified sampling grids. Care must be used when combining data from these states 

with other states to avoid double weighting of the intensified data.  

FHM data were collected under three different protocols (measurement types 1, 2, and 3). 

Measurement Type 1 (MT1) signifies initial plot establishment, where both mensuration and 

crown data were measured on each sampled tree. Measurement Type 3 (MT3) signifies the 

complete remeasurement of plots that were previously established, where both mensuration and 

crown data were measured on each sampled tree. Measurement Type 2 (MT2) signifies an 

interim measurement (between MT1 and MT3) where only the crown data were measured for 

survivor trees measured at the previous MT1 or MT3 assessment. MT2 sampling protocols were 

abandoned in 1996 when the 1/12 overlap was implemented. Measurement protocols for both 

mensuration and crown data had mostly stabilized by 1992, but some changes did occur after 

1992. Changes affecting the crown variables are discussed in Section 1. Annual field guides 

archived by FHM and FIA should be consulted to track changes in mensuration variables.  
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Crown data collected by FHM are available in comma delimited (CSV) format from the FIA 

“other data” web site (https://www.fia.fs.fed.us/tools-data/other_data/index.php).  

 Use the links in the table to select the desired state and download a ZIP file. Note: not all 

states have data.  

 The ZIP file associated with each state includes all FHM data collected in the state from 

1990 to 1999. Data are divided into separate CSV files by program feature (lichen 

abundance, plot condition class, tree, etc.) and year. Items in each feature file are 

described in the Data Descriptions located on the “other data” website.  

 The crown-condition data are included in the tree feature file.  

 These datasets have variable names which differ from the variable names in the FIA 

datasets described Section 2.2.  

2.2 Data Collected by FIA, 2000 and beyond 

The history of crown data collection from 2000–2015 is provided in Appendix B. From 2000–

2010, crown data were collected on a 1/16 subset of the FIA Phase 2 (P2) ground plots. In 2011, 

FIA deferred collection of the forest health (Phase 3) indicators and began reviewing its forest 

health monitoring protocols in light of user needs and evolving forest health science. The review 

led FIA to revise the Phase 3 aspect of the program into a new framework termed “Phase 2 (P2) 

Plus / Ecosystem Indicator Program”. When the new framework is fully implemented, FIA will 

collect fewer variables on a greater number of plots in an effort to improve flexibility without 

compromising long-term analytical capabilities. As of 2018, updated protocols for the crown 

indicator, which at a minimum call for the assessment of uncompacted live crown ratio and 

crown dieback on all P2 Plus plots, have been implemented to varying degrees by the FIA 

regions.  

Crown condition data collected by FIA are available in comma delimited (CSV) format from the 

FIA DataMart website (https://apps.fs.usda.gov/fia/datamart/datamart.html).  

 Select the CSV option from the DataMart table.  

 Use the links in the table to select the desired state and download a ZIP file that 

includes all FIA data collected in the state. Note: there is one ZIP file for each state 

that includes all program features (plot, condition, tree, etc.) as well as individual ZIP 

and CSV files for each program feature. Items in each feature file are described in the 

FIA Database User Guides located in the online FIA Library 

(https://www.fia.fs.fed.us/library/database-documentation/index.php). 

 The crown-condition data are included in the tree feature file. Note that the tree files 

combine FIA P2 and P3 tree-level datasets. Crown data are available only for the P3 

subset, so the P2 trees in these datasets can be deleted if crown analysis is the only 

objective.  

 These datasets have variable names which differ from the variable names in the FHM 

datasets described in Section 2.1. 

https://www.fia.fs.fed.us/tools-data/other_data/index.php
https://www.fia.fs.fed.us/tools-data/other_data/index.php
https://apps.fs.usda.gov/fia/datamart/datamart.html
https://www.fia.fs.fed.us/library/database-documentation/index.php
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3. Analysis 

3.1 Analytical Techniques 

3.1.1 Ratio-of-Means Estimators 

Ratio-of-means (ROM) estimators (Cochran 1977) are the preferred estimators for inventory 

attributes collected on the FHM and FIA mapped plot designs (Scott and Bechtold 1995, 

Zarnoch and Bechtold 2000). In the case of estimating tree-level attributes such as mean crown 

dieback, only the most basic ROM estimator is needed (Woodall and others 2011): 

�̂� =
∑ 𝑦𝑖
𝑛
𝑖=1

∑ 𝑥𝑖
𝑛
𝑖=1

        (5) 

where  

yi  = the variable of interest on plot i, 

xi  = an auxiliary variable on plot i that is correlated with yi, and 

n  = the total number of plots in the population of interest (including plots with no observations 

of interest). 

The variance is: 

�̂�(�̂�) =
1

𝑛(𝑛−1)(
∑ 𝑥𝑖
𝑛
𝑖=1

𝑛⁄ )

2 × (∑ 𝑦𝑖
2𝑛

𝑖=1 + �̂�2∑ 𝑥𝑖
2𝑛

𝑖=1 − 2�̂� ∑ 𝑦𝑖𝑥𝑖
𝑛
𝑖=1 )   (6) 

Note that these equations ignore any stratifications and assume simple random sampling 

(Zarnoch and Bechtold 2000, Woodall and others 2011). 

When calculating a mean tree attribute with equations 5 and 6, yi is defined as the sum of the tree 

attribute of interest for the trees of interest in the population of interest on plot i, and xi is defined 

as the number of trees of interest in the population of interest on plot i. So, if the attribute of 

interest is crown density and the trees of interest are all trees in the population, then 

yi  =  the sum of all crown densities sampled in the population of interest on plot i and 

xi  =  the number of trees sampled in the population of interest on plot i. 

In cases where plot i has no trees of interest, or no trees sampled at all, e.g., nonforest, then yi 

and xi are both zero for that plot, but that plot still contributes to n. 

Any procedure used to generate mean crown condition and other descriptive statistics needs to be 

able to accommodate differential weighting of the FIA panels, in the event that sampling 

intensity changes over time (or between estimation units). Furthermore, the random effects of 

domain variables, i.e., variables that are not part of the sampling design such as forest type, 

disturbance class, species group, etc., must also be taken into consideration. Applicable 

estimation routines are included in the SAS software procedure SURVEYMEANS (An and 

Watts 1998) and the R package ‘survey’ (Lumley 2018). In the case of SURVEYMEANS, the 

CLUSTER option is used to designate the primary sampling unit, i.e., the plot, and the DOMAIN 

option is used to identify subpopulations of interest, e.g., hardwoods and softwoods. 

3.1.2 Standardized and Residualized Indicators 

Tree crown condition is a result of a combination of many factors, e.g. species, site conditions, 

and external stresses, and these factors need to be controlled to ensure correct interpretation of 
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the crown condition data. In order to account for such factors, Zarnoch and others (2004) 

propose standardizing, residualizing, or standardizing and residualizing the crown condition 

indicators prior to inferential analyses. Standardization adjusts the crown indicators for species 

differences by expressing the indicators in terms of standard deviation units. This allows the 

indicators to be combined across species or for direct comparisons of the indicators among 

species. Residualization adjusts the crown indicator for natural stand dynamics by redefining the 

indicators as the residuals from a model that predicts crown condition based on tree and stand 

conditions. Residualization allows the combination or comparison of trees from many different 

plots within a given species. Residualized indicators may be standardized to allow for 

comparisons or combinations of many species across many plot conditions. Refer to 

Standardization, Residualization, and Adjusted Statistical Thresholds for Forest Health 

Indicators for further discussion. 

Use of standardized/residualized crown condition indicators has been limited, though examples 

can be found in Bechtold and Coulston (2005) and Randolph (2007). The major advantage is that 

test results based on standardized/residualized indicators are not confounded with species or 

stand conditions. The disadvantages of using standardized/residualized indicators are that these 

variables are not intuitive and determining an adequate residualizing model for the absolute 

indicators can be difficult (Randolph 2007). 

3.2 Analytical Vulnerabilities 

3.2.1 Bridging the FHM/FIA Integration Gap 

When FIA assumed responsibility for the FHM detection monitoring plots in 2000 (Riitters and 

Tkacz 2004), trees sampled on FHM plots were to retain their existing numbers so that historic 

information would not be lost. This was done sporadically and inconsistently within and among 

regions, such that it is not usually possible to track individual trees across the point of integration 

in 2000. Data from pre-2000 datasets may be compared to later FIA datasets, but it is not 

advisable to attempt to match trees for a combined analysis.  

Also be aware that many of the pre-and post-merger mensuration variables used to augment 

crown analyses, e.g., species codes, stand-size classes, and forest type classes, have different 

definitions. In addition to revisions of variables that bridged the merger, variables were also 

dropped and added. The best way to determine what was done when and where is to check the 

appropriate field guides archived in the online FIA Library 

(https://www.fia.fs.fed.us/library/field-guides-methods-proc/index.php). 

3.2.2 Issues with Composite Indicators  

Ideally, composite indicators would be preferred for detection monitoring, and absolute 

indicators would be better suited for further evaluation of underlying trends that may be 

identified. However, the following issues with the crown data compromise the utility of 

composite indicators.  

 One or another of the crown dimensions necessary for composite crown volume 

(equation 1) has been unavailable over the history of the crown indicator. It is therefore 

necessary to predict these values with models in order to produce composite indicators. 

The use of modeled variables to monitor forest health is less than ideal. Because modeled 

https://www.fs.usda.gov/srsfia/crowns/poster_standardization.pdf
https://www.fs.usda.gov/srsfia/crowns/poster_standardization.pdf
https://www.fia.fs.fed.us/library/field-guides-methods-proc/index.php
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variables tend to predict the mean, they can easily miss important spatial and temporal 

variations.  

 Tree heights were not measured by FHM, so total length (and therefore crown length) is 

not available for data collected from 1990–1999. All FIA regions have local height 

equations, which must be used to estimate total length in equation 1 for datasets prior to 

2000.  

 FIA does not measure crown diameter, so neither it nor mean crown radius is available 

for 2000 and later datasets. Crown diameters may be estimated for most common species 

in the United States using crown diameter prediction models, e.g., Bechtold (2003b) and 

Bechtold (2004).  

 The crown length (CL) term in the composite crown volume equation (equation 1) is 

adjusted to accommodate differences in the way broken tops are handled in field 

measurements for uncompacted live crown ratio and crown density. Since missing tops 

are included in the crown density field estimate, they must also be included in the 

estimate of crown length. This adjustment is not possible for trees with attached dead 

tops because such trees are not readily identified under current coding protocols. This 

exaggerates the effect of the crown density term in equation 1, which causes volume to be 

underestimated. Removing the crown density (CDEN) term from equation 1 circumvents 

this problem, but at the expense of ignoring the effect of crown density on crown volume. 

If CDEN is to be omitted, then the crown lengths of all trees processed with equation 1 

should be calculated as 𝐶𝐿 = 𝐴𝐿(𝑈𝐶𝑅/100).  

3.2.3 Lack of Biological Thresholds 

At the outset of the FHM Program, each crown condition indicator was divided into discrete 

categories of health ranging from “good” to “poor” (table 3.1) (Bechtold and others 1992). These 

classes were based on preliminary distributions of the data and “expert” opinion, with minimal 

biological basis. More biologically based thresholds for hardwoods and softwoods were 

developed later by Steinman (2000) and Ambrose (2004) (tables 3.2 and 3.3).  

Reporting crown condition in terms of healthy and unhealthy has its advantages and 

disadvantages. The breakdown of trees into the discrete classes aids interpretation and is easily 

understandable. In addition, calculating and presenting the data in this manner is a 

straightforward process. On the downside, however, is that with respect to the crown indicators, 

the point at which a tree begins to decline is difficult to pinpoint. Therefore, thresholds may not 

reflect true levels of biological decline resulting in some trees classified as unhealthy even 

though there are no problems. Another disadvantage is that species-specific differences in 

“normal” crown condition (Randolph 2004) are not taken into consideration when a single set of 

thresholds is applied across all species.  

Ideally, thresholds should be developed on a biological basis for individual species. 

Unfortunately, this requires the establishment of correlations between crown indicators and 

prospective losses from future growth reduction and mortality, a task complicated by the effects 

of normal stand dynamics and relatively rarity of tree mortality. Only within the last few years 

have a sufficient number of repeated crown condition measurements become available for such 

modeling. A recent effort by Morin and others (2015) employed logistic regression to predict 

tree survival based on crown-condition variables for 15 individual species in the eastern United 
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States. Results indicated that all of the crown variables included, i.e., crown density, crown 

dieback, crown light exposure, foliage transparency, and uncompacted live crown ratio, were 

significant predictors of survival though the particular statistical significance of each variable 

varied by species.  

Table 3.1—Discrete categories of crown condition health from Bechtold and others (1992). 

Indicator Categories of health 

Crown density 0–20%, poor; 21–50%, average; and 51–100%, good 

Crown dieback 0–5%, none; 6–20%, light; 21–50%, moderate; and 51–100%, severe 

Foliage transparency 0–30%, normal; 31–50%, moderate; and 51–100% severe 

Table 3.2—Crown condition indicator thresholds delineating healthy and unhealthy crowns 

based on the work of Steinman (2000). 

Indicator Healthy Unhealthy 

Crown density > 35% ≤ 35% 

Crown dieback < 25% ≥ 25% 

Foliage transparency < 30% ≥ 30% 

Table 3.3—Thresholds delineating healthy and unhealthy crowns based on the work of Ambrose 

(2004) and utilized in Coulston and others (2005a, 2005b). 

Indicator Healthy Unhealthy 

ZB-index1 < 0.25 ≥ 0.25 

Crown dieback (softwoods only) < 10% ≥ 10% 
1A composite foliage index based on crown dieback and foliage 

transparency. 
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4. Reporting 
The earliest Forest Health Monitoring reports (Bechtold and others 1992, Brooks and others 

1992, Eager and others 1992) presented summaries of the crown condition indicators (crown 

density, crown dieback, and foliage transparency) as percentages of trees in discrete classes of 

crown condition “health.” Over time, forest health reports have expanded to include basic 

descriptive statistics (means and standard deviations) and results of inferential hypothesis testing. 

Though much of the same type of information has been presented in many of the reports, the 

format of presentation has varied from tables to charts to maps.  

The primary outlets for reporting tree crown condition are the FIA state reports and national, 

regional, and state-level FHM reports, though crown condition data are incorporated into other 

Forest Service reports and journal articles also (Randolph 2013). The following 

recommendations are given to standardize the principal outputs for crown condition reporting. 

Outputs presented here have primary utility in the production of the FIA state reports. It may not 

be necessary to incorporate all of the outputs described in this outline into all reports. Outputs 

selected for a given report will depend on the number of existing data panels (sub-cycles), the 

availability of remeasured panels, space availability, and target audience.  

4.1 Recommended Standard Reporting 
Results of two types of analyses are recommended for the FIA state reports. The first is periodic, 

or point-in-time, estimation of crown conditions, and the second is estimation of changes in 

crown condition over time. The recommended outputs are based on analyses performed at the 

individual tree level rather than at the plot-level. Smith and Conkling (2004) present methods for 

analyzing tree crown condition based on plot-level conditions. Both types of analyses are valid, 

however, the interpretation of the results are different. For example, a change in a plot average 

over time describes the overall change based on all trees measured at time one or time two 

(including ingrowth, mortality, and cut trees). Average plot condition may improve between two 

assessments either through the actual improvement of the trees on the plot or through the death 

or removal of trees with very poor crowns.  

4.1.1 Descriptive Statistics for Periodic (Point-In-Time) Estimation 

Table 4.1 is proposed to display point-in-time or periodic estimates where the most recent series 

of available panels are averaged together. Estimates are made for region-specific species 

groupings, hardwood and softwood species groups, and all trees combined. This table can be 

duplicated for each of the crown indicators measured in the field—crown density, foliage 

transparency, and crown dieback. Similar tables can be generated for the composite crown 

variables, but this is not yet recommended since the estimation of crown attributes needed to 

calculate the composite variables may not yield reliable results.  

Substitution of table 4.2 for table 4.1 is an option when the volume of output required to present 

results for individual species is too great, and/or there is no particular advantage gained by 

presenting species-level data. In such cases, table 4.2 may be displayed in the report and points 

of interest gleaned from table 4.1 highlighted in the in-text discussion. 

Displays of data distributions, i.e., cumulative distribution function (CDF) and histograms, offer 

additional opportunities to present measures of central tendency and dispersion. Figure 4.1 could 
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be used to supplement tables 4.1 and 4.2. Figure 4.1 may be presented with or without the CDF, 

and standard error bars can be added to the histogram. This figure would be duplicated for each 

of the three crown indicators measured in the field. 

Table 4.1—Example table for presenting point-in-time or periodic statistics for crown density, 

crown dieback, or foliage transparency by species. 

Species 

n  

plots  

n  

trees  Meana SEab Minimum Mediana Maximum 

Softwoods  

Species 1  x,xxx  x,xxx  xx.x  xx.x  xx.x  xx.x  xx.x  

Species 2…  x,xxx  x,xxx  xx.x  xx.x  xx.x  xx.x  xx.x  

All Softwoods  x,xxx  x,xxx  xx.x  xx.x  xx.x  xx.x  xx.x  

        

Hardwoods  

Species 3  x,xxx  x,xxx  xx.x  xx.x  xx.x  xx.x  xx.x  

Species 4…  x,xxx  x,xxx  xx.x  xx.x  xx.x  xx.x  xx.x  

All hardwoods  x,xxx  x,xxx  xx.x  xx.x  xx.x  xx.x  xx.x  

        

All Trees  x,xxx  x,xxx  xx.x  xx.x  xx.x  xx.x  xx.x  
aThe mean, SE, and median calculations consider the clustering of trees on plots. Estimates valid for  

species with n plots ≥ 10. 
bStandard error (SE) is not presented for species groups with n trees < 20. 

Table 4.2—Example table for presenting point-in-time or periodic statistics for crown density, 

crown dieback, or foliage transparency by major species group.  

Crown attribute and 

species group  

n  

plots  

n  

trees  Meana SEab Minimum Mediana Maximum 

Crown Density  

Softwoods  x,xxx  x,xxx  xx.x  xx.x  xx.x  xx.x  xx.x  

Hardwoods  x,xxx  x,xxx  xx.x  xx.x  xx.x  xx.x  xx.x  

All trees  x,xxx  x,xxx  xx.x  xx.x  xx.x  xx.x  xx.x  

Foliage Transparency  

Softwoods  x,xxx  x,xxx  xx.x  xx.x  xx.x  xx.x  xx.x  

Hardwoods  x,xxx  x,xxx  xx.x  xx.x  xx.x  xx.x  xx.x  

All trees  x,xxx  x,xxx  xx.x  xx.x  xx.x  xx.x  xx.x  

Crown Dieback  

Softwoods  x,xxx  x,xxx  xx.x  xx.x  xx.x  xx.x  xx.x  

Hardwoods  x,xxx  x,xxx  xx.x  xx.x  xx.x  xx.x  xx.x  

All trees  x,xxx  x,xxx  xx.x  xx.x  xx.x  xx.x  xx.x  
aThe mean, SE, and median calculations consider the clustering of trees on plots. Estimates valid for  

species groups with n plots ≥ 10. 
bStandard error (SE) is not presented for species groups with n trees < 20. 
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Figure 4.1—Example figure displaying point-in-time distribution of crown density. 

4.1.2 Inferential Statistics for Change Estimation 

Table 4.3 is proposed to present a comparison of crown conditions measured at different points 

in time when remeasured panels are not available, and/or when there is some need to estimate 

change from non-remeasured panels. Table 4.3 drops some of the descriptive statistics presented 

in table 4.1 and adds a t-test to check for differences in the means. The panels compared in table 

4.3 are independent, so table 4.3 can be produced from as few as two consecutive panels. With 

minor modification, this table also could be used to test for differences between subsets of trees 

in the same panel (or series of panels).  

Table 4.4 is proposed to present estimates of change for situations where one or more 

remeasured panels are available. The “paired data” portion of this table includes only trees 

measured in two consecutive sets of one or more panels. The “mixed data” portion of this table 

contains a high proportion of paired data, but also includes non-paired trees such as ingrowth, 

mortality, and cut trees (which are measured in only one of the two sets of panels). Results of a t-

test to check for differences in the means are presented for the paired-trees but omitted for the 

mixed data due to the complex structure of the covariance matrix necessary to perform a valid 

test. Presentation of paired and mixed data offers different analytical insights. The former tracks 

the performance of the same set of trees over time, while the latter tracks net change in the 

population.  

Tables 4.3 and 4.4 can be reformatted to analyze specific issues. For example, table 4.3 could be 

reformatted to contrast subsets of trees in a region where one subset is affected by some 

disturbance and the other subset is not. When remeasured panels are available the paired trees 

might be contrasted before and after the disturbance to gauge the impact on the specific trees 

affected. If volume of output is a problem, then the rows of tables 4.3 and 4.4 can be reformatted 

to conform to the same broad groupings listed in table 4.2. Displays of changes in data 
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distributions, i.e. CDFs and histograms, offer additional opportunities to present change. Figure 

4.2 could be used to supplement table 4.3 or 4.4, and as with figure 4.1, it may be presented with 

or without the CDFs.  

Given that little inferential work has been done in the past, it may be difficult to place the 

conclusions drawn from change analyses (tables 4.3 and 4.4) into a historical and/or biological 

context. Some points of comparison may be drawn from the reports listed in Randolph (2013), 

but their use may be limited given the variety of methods used to analyze and present the data. 

Table 4.3—Example table for presenting a comparison of crown conditions measured at different 

points in time when remeasured panels are not available or when there is a need to estimate 

change from non-remeasured panels. 

 Panels Year1–Year2  Panels Year3–Year4  

Species 

n 

plots 

n 

trees Meana SEab  

n 

plots 

n 

trees Meana SEab 

t-test  

P-valuecd 

Softwoods           

Species 1 xxx  x,xxx  xx.x  xx.x   xxx  x,xxx  xx.x  xx.x  .xx  

Species 2… xxx  x,xxx  xx.x  xx.x   xxx  x,xxx  xx.x  xx.x  .xx  

All Softwoods xxx  x,xxx  xx.x  xx.x   xxx  x,xxx  xx.x  xx.x  .xx  

           

Hardwoods           

Species 3 xxx  x,xxx  xx.x  xx.x   xxx  x,xxx  xx.x  xx.x  .xx  

Species 4… xxx  x,xxx  xx.x  xx.x   xxx  x,xxx  xx.x  xx.x  .xx  

All Hardwoods xxx  x,xxx  xx.x  xx.x   xxx  x,xxx  xx.x  xx.x  .xx  

           

All Trees xxx  x,xxx  xx.x  xx.x   xxx  x,xxx  xx.x  xx.x  .xx 
aThe mean and SE calculations consider the clustering of trees on plots. 
bStandard error (SE) is not presented for species with n trees < 20. 
ct-tests are not performed for species where n plots from either subpopulation is < 10. 
dThe probability of obtaining a larger t-value under the null hypothesis that the difference between the two 

means equals 0. 

 



23 
 

Table 4.4—Example table for presenting estimates of change for situations where one or more remeasured panels are available. 

 Paired trees onlya  Mixed data (paired and non-paired trees)b 

 Panels Year1–Year2  Panels Year3–Year4  Panels Year1–Year2  Panels Year3–Year4 

Species 

n 

plots 

n 

trees Meanc SEcd 

 

Meanc SEcd 

t-test 

P-valueef 

 n 

plots 

n 

trees Meanc SEcd 

 n 

plots 

n 

trees Meanc SEcd 

Softwoods                   

Species 1 xxx x,xxx xx.x xx.x  xx.x xx.x .xx  xxx x,xxx xx.x xx.x  xxx x,xxx xx.x xx.x 

Species 2… xxx x,xxx xx.x xx.x  xx.x xx.x .xx  xxx x,xxx xx.x xx.x  xxx x,xxx xx.x xx.x 

All Softwoods xxx x,xxx xx.x xx.x  xx.x xx.x .xx  xxx x,xxx xx.x xx.x  xxx x,xxx xx.x xx.x 

                   

Hardwoods                   

Species 3 xxx x,xxx xx.x xx.x  xx.x xx.x .xx  xxx x,xxx xx.x xx.x  xxx x,xxx xx.x xx.x 

Species 4… xxx x,xxx xx.x xx.x  xx.x xx.x .xx  xxx x,xxx xx.x xx.x  xxx x,xxx xx.x xx.x 

All Hardwoods xxx x,xxx xx.x xx.x  xx.x xx.x .xx  xxx x,xxx xx.x xx.x  xxx x,xxx xx.x xx.x 

                   

All Trees xxx x,xxx xx.x xx.x  xx.x xx.x .xx  xxx x,xxx xx.x xx.x  xxx x,xxx xx.x xx.x 
aIncludes only the trees measured in both inventory cycles. 
bIncludes all trees measured in the specified inventory cycle. Note that t-tests are not presented, i.e., not valid, for mixtures of paired and independent data. 
cThe mean and SE calculations consider the clustering of trees on plots 
dStandard error (SE) is not presented for species with n trees < 20. 
et-tests are not performed for species where n plots from either subpopulation is < 10. 
fThe probability of obtaining a larger t-value under the null hypothesis that the difference between the two means equals 0. 
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Figure 4.2— Example figure displaying the distribution of crown density at two points in time. 

4.2 Additional Reporting Methods 
Crown-condition assessments have been used in a variety of individual research projects, ranging 

from identifying the effects of military training operations on forest stands (Applegate and 

Steinman 2005) to describing the effects of insects and diseases on individual tree species (e.g., 

Petrillo and others 2005). Such studies provide a wealth of information about tree and forest 

health and provide examples of how the crown-condition assessment protocols and crown data 

collected by FHM and FIA have been, and may be used, in independent research projects. A 

comprehensive listing of these studies and other general summaries of crown-condition data 

published between January 1980 and December 2011 are cited in Randolph (2013). Additional 

articles published through July 2014 are listed in Appendix C. 
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Appendix A.   History of FHM Data Collection, 1990–1999 

Year Region1 States Panels2 1/12 Overlap3 Intensity4 

Meas. 

Type5 

1990 NE6 CT, MA, ME, NH, RI, VT 0, 1, 2, 3   1 

1991 NE6 CT, MA, ME, NH, RI, VT, DE, MD, NJ 0, 1, 2, 3   1 

 SO AL, GA, VA 0, 1, 2, 3   1 

1992 INT CO 1   1 

 NE CT, ME, MA, NH, RI, VT, DE, MD, NJ 0, 1, 2, 3   2 

 PNW CA 1   1 

 SO AL, GA, VA 0, 1 2, 3   2 

1993 INT CO 2   1 

 NE CT, ME, MA, NH, RI, VT, DE, MD, NJ 0, 1, 2, 3   2 

 PNW CA 2   1 

 SO AL, GA, VA 0, 1, 2, 3   2 

1994 INT CO 3   1 

 NC MI, MN, WI 0, 1, 2, 3   1 

 NE CT, MA, ME, NH, RI, VT 3   3 

  CT, MA, ME, NH, RI, VT 0, 1, 2   2 

  DE, MD, NJ 0, 1, 2, 3   2 

 PNW CA 3   1 

 SO AL, GA, VA 0, 1, 2, 3   2 

1995 INT CO 0   1 

 NE CT, MA, ME, NH, RI, VT 0, 1, 2   3 

  CT, MA, ME 3   2 

  DE, MD, NJ 0, 1, 2, 3   3 

  WV 0, 1, 2, 3   1 

  PA 0   1 

 PNW CA 0   1 

 SO AL, GA, VA 0, 1, 2, 3   3 

1996 INT CO 1 2 from panel 0  3 

  ID 0, 1, 2, 3   1 

 NC MI, WI 1 2 from panel 0  3 

  MN 1 2 from panel 0 2X 3 

  IN 0, 1, 2, 3   1 

 NE CT, MA, ME, NH, RI, VT, DE, MD, NJ, WV 1 2 from panel 0  3 

 PNW CA 1 2 from panel 0  3 

 SO none     

1997 INT CO, ID 2 4 from panel 1  3 

  WY 0, 1, 2, 3   1 

 NC MI, WI, IN 2 4 from panel 1  3 

  MN 2 4 from panel 1 2X 3 

  IL 0, 1, 2, 3   1 

 NE CT, MA, ME, NH, RI, VT, DE, MD, NJ, WV 2 4 from panel 1  3 

 PNW CA 2 4 from panel 1  3 

  OR, WA 0, 1, 2, 3   1 

 SO AL, GA, VA 2 4 from panel 1  3 

1998 INT CO, ID, WY 3 7 from panel 2  3 

 NC MI, WI, IN, IL 3 7 from panel 2  3 

  MN 3 7 from panel 2 2X 3 

 NE CT, MA, ME, NH, RI, VT, DE, NJ, WV, PA 3 7 from panel 2  3 

  MD 3 7 from panel 2 2X 3 

 PNW CA, OR, VA 3 7 from panel 2  3 

 SO AL, GA, WA 3 7 from panel 2  3 

  NC, SC 0, 1, 2, 3   1 

     continued… 
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…continued      

Year Region1 States Panels2 1/12 Overlap3 Intensity4 

Meas. 

Type5 

1999 INT CO, ID, WY 0 12 from panel 3  3 

  NV, UT 0, 1, 2, 3   1 

 NC MI, WI, IN, IL 0 12 from panel 3  3 

  MN 0 12 from panel 3 2X 3 

  MO 0, 1, 2, 3   1 

 NE CT, MA, ME, NH, RI, VT, DE, NJ, WV, PA 0 12 from panel 3  3 

  MD 0 12 from panel 3 2X 3 

  NY 0, 1, 2, 3   1 

 PNW CA, OR, WA 0 12 from panel 3  3 

 SO AL, GA, VA, NC, SC 0 12 from panel 3  3 

  TN 0, 1, 2, 3   1 
1NE = Northeast. NC = North Central. INT = Interior West. PNW = Pacific Northwest. SO = South. 
2The FHM sampling grid was based on four panels (0, 1, 2, 3). In some states, all four panels were measured in a single year, 

but in other states only one panel per year was measured.  
3In 1996, a 1/12 overlap (subpanel) from the previous year was added in order to measure a subset of trees two years in a row. 

The first number listed is the subpanel number. 
4Some states added extra plots by intensifying the base sampling grid. Care must be used when combining data from these 

states with single-intensity states to avoid double weighting. 
5Measurement Type 1 = initial plot establishment (mensuration, crowns, and damage data recorded). 

 Measurement Type 2 = crowns and damage data recorded for survivor trees only (no mensuration data). Abandoned in 1996. 

 Measurement Type 3 = complete plot remeasurement (mensuration, crowns, and damage data recorded). 
6Mensuration protocols in the northeast states in 1990 and 1991 had not yet stabilized. 
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Appendix B.   History of FIA Crown Data Collection, 2000–2015 

Region State 

Measurement Year1, 2 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 

P
ac

if
ic

 

N
o

rt
h

w
es

t 

Alaska         X X X X X X X           

California X X X X X X X X X X X           

Hawaii3                     X X X X X X 

Oregon X X X X X X X X X X X           

Washington X X X X X X X X X X X           

In
te

ri
o

r 
W

es
t 

Arizona   X X X X X X X X X X X X X X X 

Colorado X X X X X X X X X X X X X X X X 

Idaho X X X X X X X X X X X X X X X X 

Montana       X X X X X X X X X X X X X 

Nevada X X X X  X X X     X X X X X X X 

New Mexico                 X X X X X X X X 

Utah X X X X X X X X X X X X X X X X 

Wyoming X X X                 X X X X X 

N
o

rt
h

 C
en

tr
al

 

Illinois X X X X X X X X X X X X X X X X 

Indiana X X X X X X X X X X X   X X X X 

Iowa X X X X X X X X X X X   X X X X 

Kansas   X X X X X X X X X X   X X X X 

Michigan X X X X X X X X X X X   X X X X 

Minnesota X X X X X X X X X X X   X X X X 

Missouri X X X X X X X X X X X X X X X X 

Nebraska   X X X X X X X X X X   X X X X 

North Dakota   X  X X X X X X X X     X X X X 

South Dakota   X X X X X X X X X X   X X X X 

Wisconsin X X X X X X X X X   X   X X X X 

                continued… 
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…continued                 

Region State 

Measurement Year1, 2 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 

N
o

rt
h

ea
st

 

Connecticut X X X X X X X X X X X   X X X X 

Delaware X X X X X X X X X X X X X X X X 

Maine X X X X X X X X X X X   X X X X 

Maryland X X X X X X X X X X X   X X X X 

Massachusetts X X X X X X X X X X X   X X X X 

New Hampshire X X X X X X   X X X X   X X X X 

New Jersey X X X X X X X X X X X   X X X X 

New York X X X X X X   X X X X   X X X X 

Ohio   X X X X X   X X X X   X X X X 

Pennsylvania X X X X X X X X X X X X X X X X 

Rhode Island X X X   X X X X   X X     X X X 

Vermont X X X X X X X X X X X   X X X X 

West Virginia X X X X X X X X X X X   X X X X 

S
o

u
th

 

Alabama X X X X X X X X X X X   X X X X 

Arkansas X X X X X X X X X X X   X X X X 

Florida   X X X X X X     X X   X X X X 

Georgia X X X X X X X X X X X   X X X X 

Kentucky X X X X X X X X X X X   X X X X 

Louisiana X X X X X X       X X   X X X X 

Mississippi                   X X   X X X X 

North Carolina X X X X X X X X   X X   X X X X 

Oklahoma                   X X   X X X X 

South Carolina X X X X X X X X X X X   X X X X 

Tennessee X X X X X X X X X X X   X X X X 

Texas   X X X X X X X X X X   X X X X 

Virginia X X X X X X X   X X X   X X X X 

continued… 
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…continued 

Region State Measurement Year1, 2 

  2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 

Is
la

n
d

 t
er

ri
to

ri
es

 American Samoa3   X                     X       

Guam4     X                     X     

Palau3       X                     X   

Puerto Rico   X X X X   X   X X   X     X   

Marshall Islands3         X                       

Virgin Islands         X         X X           
1X = years in which crown assessments were made. 
2Many states deferred collection of the forest health indicators due to budget uncertainties in 2011. In the following years, most states implemented revised protocols in which 

only uncompacted live crown ratio and crown dieback were measured. 
3Assessment of uncompacted live crown ratio only. 
4Assessment of all crown variables in 2002; only uncompacted live crown ratio in 2013. 
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Appendix C.   Addendum of Crown-Condition Citations 

Source databases: AGRICOLA, Scopus, Treesearch 

Publication dates: January 1, 2012 to July 2014 

Studies using the FHM/FIA crown-condition indicator data collection protocols and data 

Randolph, K.C.; Bechtold, W.A.; Morin, R.S.; Zarnoch, S.J. 2012. Evaluating elevated levels of 

crown dieback among northern white-cedar (Thuja occidentalis L.) trees in Maine and 

Michigan: a summary of evaluation monitoring. In: Potter, K.M.; Conkling, B.L. (eds.). 

2012. Forest health monitoring: 2009 national technical report. Gen. Tech. Rep. SRS-167. 

Asheville, NC: U.S. Department of Agriculture Forest Service, Southern Research Station. 

pp. 219-223.  

Studies using FIA/FHM crown condition data 

Crosby, M.K.; Fan, Z.; Spetich, M.A.; Leininger, T.D. 2012. Remote sensing of forest health 

indicators for assessing change in forest health. In: Merry, K.; Bettinger, P.; Lowe, T.; 

Nibbelink, N.; Siry, J. (eds.). 2012. Proceedings of the 8th Southern Forestry and Natural 

Resources GIS Conference (2012). Warnell School of Forestry and Natural Resources, 

University of Georgia, Athens, GA.  
Crosby, M.K.; Fan, Z.; Spetich, M.A.; Leininger, T.D.; Fan, X. 2012. Relationship between 

crown dieback and drought in the southeastern United States. In: Morin, R.S.; Liknes, G.C. 

(comps.). Moving from status to trends: Forest Inventory and Analysis (FIA) symposium 

2012; 2012 December 4-6; Baltimore, MD. Gen. Tech. Rep. NRS-P-105. Newtown Square, 

PA: U.S. Department of Agriculture, Forest Service, Northern Research Station. [CD-ROM]: 

316-318.  

Duarte, N.; Pardo, L.; Robin-Abbott, M. 2013. Susceptibility of forests in the northeastern USA 

to nitrogen and sulfur deposition: Critical load exceedance and forest health. Water, Air & 

Soil Pollution. 224(2): 1-21.  

Morin, R.S.; Steinman, J.; Randolph, K.C. 2012. Utility of tree crown condition indicators to 

predict tree survival using remeasured Forest Inventory and Analysis data. In: Morin, R.S.; 

Liknes, G.C. (comps.). 2012. Moving from status to trends: Forest Inventory and Analysis 

(FIA) symposium 2012; 2012 December 4-6; Baltimore, MD. Gen. Tech. Rep. NRS-P-105. 

Newtown Square, PA: U.S. Department of Agriculture, Forest Service, Northern Research 

Station. [CD-ROM]: 210-215.  

Randolph, K.C.; Rose, A.K.; Oswalt, C.M.; Brown, M.J. 2013. Status of black walnut (Juglans 

nigra L.) in the Eastern United States in light of the discovery of thousand cankers disease. 

Castanea. 78(1): 2-14.  
Ray, D.G. 2013. Not all basal area is created equal: the influence of species and stand 

development on canopy cover of four common southern pines. In: Guldin, J.M. (ed.). 2013. 

Proceedings of the 15th biennial southern silvicultural research conference. e-Gen. Tech. 

Rep. SRS-GTR-175. Asheville, NC: U.S. Department of Agriculture, Forest Service, 

Southern Research Station. pp. 541-542.  

Riitters, K.; Potter, K.; Tkacz, B. Forest health monitoring in the United States: focus on national 

reports. In: Proceedings of International Symposium on Forest Health. Seoul, Korea: Korea 

Forest Research Institute. pp. 12-27.  
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Russell, M.B.; Weiskittel, A.R. 2012. Estimating tree crown widths for the primary Acadian 

species in Maine. In: McWilliams, W.; Roesch, F.A. (eds.). 2012. Monitoring Across 

Borders: 2010 Joint Meeting of the Forest Inventory and Analysis (FIA) Symposium and the 

Southern Mensurationists. e-Gen. Tech. Rep. SRS-157. Asheville, NC: U.S. Department of 

Agriculture Forest Service, Southern Research Station. pp. 45-52.  

Studies using the FHM/FIA crown-condition indicator data collection protocols 

Bal, T.L.; Richter, D.L.; Storer, A.J.; Jurgensen, M.F.; Saha, S.2013. The relationship of the 

sapstreak fungus, Ceratocystis virescens, to sugar maple dieback and decay in northern 

Michigan. American Journal of Plant Sciences. 4(2A): 436-443. 

Eschtruth, A.K.; Evans, R.A.; Battles, J.J. 2013. Patterns and predictors of survival in Tsuga 

canadensis populations infested by the exotic pest Adelges tsugae: 20years of monitoring. 

Forest Ecology and Management. 305:195-203. 

Evans, B.; Lyons, T.J.; Barber, P.A.; Stone, C.; Hardy, G. 2012. Dieback classification 

modelling using high-resolution digital multispectral imagery and in situ assessments of 

crown condition. Remote Sensing Letters. 3(6): 541-550. 

Koh, S.; Hogsden, K.; Hudson, J.; Tanentzap, A.J.; Mouland, G.; Dobbie, T.; Keitel, J.; Harvey, 

G.; Thorndyke, R.; Carr, L. 2012. Double-crested cormorants alter forest structure and 

increase damage indices of individual trees on island habitats in Lake Erie. Waterbirds. 

35(SUPPL. 1): 13-22. 

Mehl, H.K.; Mori, S.R.; Frankel, S.J.; Rizzo, D.M. 2013. Mortality and growth of dwarf 

mistletoe-infected red and white fir and the efficacy of thinning for reducing associated 

losses. Forest Pathology. 43(3): 193-203.  
Moore, T.L.; Valentine, L.E.; Craig, M.D.; Hardy, G.E.; Fleming, P.A. 2013. Is the reptile 

community affected by Eucalyptus wandoo tree condition? Wildlife Research. 40(5): 358-

366. 

Royo, A.A.; Knight, K.S.2012. White ash (Fraxinus americana) decline and mortality: The role 

of site nutrition and stress history. Forest Ecology and Management. 286: 8-15.  
Royo, A.A.; Knight, K.S.; Himes, J.M.; Will, A.N. 2012. White ash (Fraxinus americana) health 

in the Allegheny plateau region, Pennsylvania: Evaluating the relationship between FIA 

phase 3 crown variables and a categorical rating system. In: McWilliams, W.; Roesch, F.A. 

(eds.). 2012. Monitoring Across Borders: 2010 Joint Meeting of the Forest Inventory and 

Analysis (FIA) Symposium and the Southern Mensurationists. e-Gen. Tech. Rep. SRS-157. 

Asheville, NC: U.S. Department of Agriculture, Forest Service, Southern Research Station. 

pp. 123-129.  
Winn, M.F.; Araman, P.A. 2012. A tool to determine crown and plot canopy transparency for 

forest inventory and analysis phase 3 plots using digital photographs. In: McWilliams, W.; 

Roesch, F.A. (eds.). 2012. Monitoring Across Borders: 2010 Joint Meeting of the Forest 

Inventory and Analysis (FIA) Symposium and the Southern Mensurationists. e-Gen. Tech. 

Rep. SRS-157. Asheville, NC: U.S. Department of Agriculture, Forest Service, Southern 

Research Station. pp. 217-222.  

 Winn, M.F.; Araman, P.A. 2012. An alternative method for estimating crown characteristics of 

urban trees using digital photographs. In: McWilliams, W.; Roesch, F.A. (eds.). 2012. 

Monitoring Across Borders: 2010 Joint Meeting of the Forest Inventory and Analysis (FIA) 
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Appendix D.   FHM and FIA Contact Information 

Forest Health Monitoring National Program  

https://www.fs.fed.us/foresthealth/contact-us/ 

Mailing address: 

Forest Service – USDA 

Stop Code 1110 

1400 Independence Avenue, SW 

Washington, D.C. 20250-1110 

Telephone: (202) 649-1191 

FAX: (703) 605-5353  

Forest Inventory and Analysis National Program 

https://www.fia.fs.fed.us/regional-offices/index.php 

Mailing address: 

Forest Inventory and Analysis, National Office 

Forest Service – USDA 

1400 Independence Avenue, SW 

Washington, D.C. 20250-0003 

Telephone: (703) 605-4177 

Forest Inventory and Analysis Regional Offices — 

 

Pacific Northwest (West Coast)  

https://www.fs.fed.us/pnw/rma/fia-topics/index.php 

Includes the island territories of American Samoa, Federated States of Micronesia, Guam, 

Marshall Islands, Northern Mariana Islands, and Palau. 

Interior West  

https://www.fs.fed.us/rm/ogden/ 
North  

https://www.nrs.fs.fed.us/fia/ 

South  

https://www.fs.usda.gov/srsfia/ 

Includes the island territories of Puerto Rico and Virgin Islands. 

https://www.fs.fed.us/foresthealth/contact-us/
https://www.fia.fs.fed.us/regional-offices/index.php
https://www.fs.fed.us/pnw/rma/fia-topics/index.php
https://www.fs.fed.us/rm/ogden/
https://www.nrs.fs.fed.us/fia/
https://www.fs.usda.gov/srsfia/

