
Introduction and BackgroundIntroduction and Background

NAMP ObjectivesNAMP Objectives

The Vermont objectives of the project are to:The Vermont objectives of the project are to:

1. Determine the rate of change in sugar maple1. Determine the rate of change in sugar maple  
treetree--



with sugarbushes, such as logging or grazing, werewith sugarbushes, such as logging or grazing, were  
accepted.  (Code 1) accepted.  (Code 1) 
    
   Non   Non--sugarbushes sugarbushes --  A hardwood stand with sugar maple,  A hardwood stand with sugar maple,  
10 cm d.b.h. and larger comprising  more than half of the10 cm d.b.h. and larger comprising  more than half of the  





changed since European settlement, and;  2, changed fromchanged since European settlement, and;  2, changed from  
one forest type to anotherone forest type to another

c.  Grazing assessed in 4 classes: c.  Grazing assessed in 4 classes: 
    1     1 --  no signs of grazing  no signs of grazing
    2     2 --  old damage, but no recent signs of grazing  old damage, but no recent signs of grazing
    3     3 --  current, light; no tree damage apparent   current, light; no tree damage apparent 
    4     4 --  current, heavy; soil compaction obvious, tree damage  current, heavy; soil compaction obvious, tree damage  
present and very little reproduction present.present and very little reproduction present.

d.  Tapping is rated in four classes:d.  Tapping is rated in four classes:
    1     1 --  currently active  currently active
    2     2 --  at least once in last 5 years, but not in current year  at least once in last 5 years, but not in current year
    3     3 --  old, none in the last 5 years  old, none in the last 5 years
    4     4 --  none ever  none ever

e.  Tapping method (obtained from landowner) is coded as:e.  Tapping method (obtained from landowner) is coded as:



this was discontinued in 2003. The procedure was asthis was discontinued in 2003. The procedure was as  
follows. Regeneration was collected on each of the 5 plotsfollows. Regeneration was collected on each of the 5 plots  
within the plot-cluster.  It was counted on a circular milacrewithin the plot-cluster.  It was counted on a circular milacre  
plot (3.7 foot radius) located at 6.6 m  (20 feet) from theplot (3.7 foot radius) located at 6.6 m  (20 feet) from the  
plot center, in the East  direction (90 degrees) If E wasplot center, in the East  direction (90 degrees) If E was  
unavailable, a second choice was made going clockwise (S,unavailable, a second choice was made going clockwise (S,  
W, N).  The milacre plot was permanently marked at theW, N).  The milacre plot was permanently marked at the  
center with a ½ inch pvc pipe.center with a ½ inch pvc pipe.

Regeneration was counted on the milacre plot in 3Regeneration was counted on the milacre plot in 3  
categories:  Sugar maple, Other hardwoods, and Conifers.categories:  Sugar maple, Other hardwoods, and Conifers.  
Other hardwoods included all commercial tree species.Other hardwoods included all commercial tree species.  
Each category contained 2 divisions: Seedlings < 1 m inEach category contained 2 divisions: Seedlings < 1 m in  
height,  and Seedlings & Saplings > 1 m in height, but < 10height,  and Seedlings & Saplings > 1 m in height, but < 10  
cm  dbh.  Further, the Seedling < 1 m was divided into 2cm  dbh.  Further, the Seedling < 1 m was divided into 2  
classes: < 30 cm in height, and from 30 cm to 1 m in height.classes: < 30 cm in height, and from 30 cm to 1 m in height.

All seedlings/saplings with greater than 2 leavesAll seedlings/saplings with greater than 2 leaves  
(cotyledons) were counted for each category and recorded(cotyledons) were counted for each category and recorded  
in the appropriate box.  If stump sprouts or coppicesin the appropriate box.  If stump sprouts or coppices  
generated multiple shoots, each shoot was considered agenerated multiple shoots, each shoot was considered a  
separate seedling. Only those seedlings whose stem wasseparate seedling. Only those seedlings whose stem was  
within the milacre plot were counted.  A maximum of 50within the milacre plot were counted.  A maximum of 50  
seedlings are recorded.seedlings are recorded.
The data sheet included:The data sheet included:

RECORD NUMBER IN EACH CATEGORYRECORD NUMBER IN EACH CATEGORY

CLASS 1: <=30 cmCLASS 1: <=30 cm
CLASS 2: BETWEEN 30 cm & 1 mCLASS 2: BETWEEN 30 cm & 1 m

Lecanium Scale Population SurveyLecanium Scale Population Survey

Starting in 2005, visual estimates are made of scaleStarting in 2005, visual estimates are made of scale  
populations on understory and lower branches of sugarpopulations on understory and lower branches of sugar  
maple using the abundance rating system listed below. Tenmaple using the abundance rating system listed below. Ten  
branches per subplot are examined and rated, using thebranches per subplot are examined and rated, using the  
branch portion with the most scales. Ratings are made tobranch portion with the most scales. Ratings are made to  
estimate the surface area covered with scales on 12 inchesestimate the surface area covered with scales on 12 inches  
of growth, wherever the scale is heaviest. The minimumof growth, wherever the scale is heaviest. The minimum  
and maximum rating are recorded for each the 5 subplots.and maximum rating are recorded for each the 5 subplots.  
When scales are not present or visible, other evidence ofWhen scales are not present or visible, other evidence of  
scales is recorded: honeydew, sooty mold, crawlers onscales is recorded: honeydew, sooty mold, crawlers on  
leaves. If not sugar maple is within touch or sight, that isleaves. If not sugar maple is within touch or sight, that is  
recorded as “6”. recorded as “6”. 

Lecanium scale abundance rating systemLecanium scale abundance rating system
00 = None= None
11 = Trace : spotty single scales= Trace : spotty single scales
22 = Light : less than 30% of twig surface area= Light : less than 30% of twig surface area  

with scaleswith scales
33 = Moderate : 30-60% of twig surface area= Moderate : 30-60% of twig surface area  

with scaleswith scales

44 = Heavy : more than 60% of twig surface area= Heavy : more than 60% of twig surface area  
with scaleswith scales

55 = Other evidence of scale presence: honey= Other evidence of scale presence: honey  
dew, sooty mold, crawlersdew, sooty mold, crawlers

66 = No understory sugar maple to rate= No understory sugar maple to rate

TREE MEASUREMENTSTREE MEASUREMENTS

The following section describes methods used to inventoryThe following section describes methods used to inventory  
individual tree condition.  All the data were recorded at theindividual tree condition.  All the data were recorded at the  
time of plot establishment (Fig. 4).  Thereafter, the primarytime of plot establishment (Fig. 4).  Thereafter, the primary  
emphasis is to record crown condition, with periodicemphasis is to record crown condition, with periodic  
accounting of ingrowth and DBH changes.  Evidence ofaccounting of ingrowth and DBH changes.  Evidence of  
new bole or trunk damage and tree crown position changesnew bole or trunk damage and tree crown position changes  
are recorded annually. are recorded annually. 

Tree Selection and IdentificationTree Selection and Identification

All the trees 10 cm (4 in) and larger were marked withAll the trees 10 cm (4 in) and larger were marked with  
aluminum tags and nails at d.b.h.; identified to species, oraluminum tags and nails at d.b.h.; identified to species, or  
as close as possible; and inventoried for condition andas close as possible; and inventoried for condition and  



recorded to the nearest 1 cm.  recorded to the nearest 1 cm.  

Crown PositionCrown Position   (All species - changes only)   (All species - changes only)

Crown position ratings were recorded for all the species inCrown position ratings were recorded for all the species in  
1988, and changes are recorded annually.  Crown position1988, and changes are recorded annually.  Crown position  
rating of each tree was done by two observers.  The lowerrating of each tree was done by two observers.  The lower  
rating was given when the two raters failed to reach anrating was given when the two raters failed to reach an  
agreement.  When crown positions had changed during theagreement.  When crown positions had changed during the  
previous 5 years because of a disturbance the rating wasprevious 5 years because of a disturbance the rating was  
given according to the best estimate of what the crowngiven according to the best estimate of what the crown  
position was at the time of disturbance (tree and crown sizeposition was at the time of disturbance (tree and crown size  
were weighed more heavily than the light factor).  Changeswere weighed more heavily than the light factor).  Changes  
observed after the original plot establishment are entered asobserved after the original plot establishment are entered as  
corrections of the previous entry.  The following codes andcorrections of the previous entry.  The following codes and  
definitions were used (USDA 1984):definitions were used (USDA 1984):

    1     1 --dominant (trees with crown extending above thedominant (trees with crown extending above the  
general canopy and receiving full light from above andgeneral canopy and receiving full light from above and  
partly from the sides; larger than the average trees in thepartly from the sides; larger than the average trees in the  
stand; crowns well developed, but somewhat crowded onstand; crowns well developed, but somewhat crowded on  
the sides)the sides)

    2     2 --codominant (trees with crowns forming the generalcodominant (trees with crowns forming the general  
level of the canopy and receiving full light from above, but level of the canopy and receiving full light from above, but 
relatively little from the sides; usually with medium sizerelatively little from the sides; usually with medium size  
crown, more or less crowded on the sides)crown, more or less crowded on the sides)

   3    3 --intermediate (trees shorter than in the precedingintermediate (trees shorter than in the preceding  
classes, but with crowns just below or extending into theclasses, but with crowns just below or extending into the  
canopy of dominant and codominant trees; receiving littlecanopy of dominant and codominant trees; receiving little  
direct light from above and none from the sides; usuallydirect light from above and none from the sides; usually  
with small crowns considerably crowded from the sides)with small crowns considerably crowded from the sides)

    4     4 --suppressed (trees with crowns entirely below the mainsuppressed (trees with crowns entirely below the main  
canopy and receiving no direct light from above or sides)canopy and receiving no direct light from above or sides)

Vigor RatingVigor Rating   (All species) (All species)

General crown vigor was recorded for all species in 1988,General crown vigor was recorded for all species in 1988,  
and changes are recorded annually.  The vigor rating isand changes are recorded annually.  The vigor rating is  
done in broad classes similar to those used in other forestdone in broad classes similar to those used in other forest  
decline projects.  Although these were not initiallydecline projects.  Although these were not initially  
considered critical measurements, in 1994, the definitionsconsidered critical measurements, in 1994, the definitions  
were clarified, and vigor became part of the training andwere clarified, and vigor became part of the training and  
certification.   The acceptable error is pluscertification.   The acceptable error is plus--oror--minus oneminus one  
vigor class.  vigor class.  ����������
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The codes are used as follows:The codes are used as follows:

        ������������	������	; tree appears to be in reasonably good health;; tree appears to be in reasonably good health;  
no major branch mortality; crown is reasonably normalno major branch mortality; crown is reasonably normal  
within the stand situation; less than 10 percent branch orwithin the stand situation; less than 10 percent branch or  
twig mortality, defoliation or discoloration present.twig mortality, defoliation or discoloration present.

      ����������������������������������; branch mortality, twig dieback, or; branch mortality, twig dieback, or  
foliage discoloration present in 10 to 25 percent of thefoliage discoloration present in 10 to 25 percent of the  
crown; broken branches or crown area missing based oncrown; broken branches or crown area missing based on  

presence of old snags is less than 26 percent.presence of old snags is less than 26 percent.

      ��������������������������������������; branch mortality, twig dieback, or; branch mortality, twig dieback, or  
foliage discoloration in 26 to 50 percent of the crown;foliage discoloration in 26 to 50 percent of the crown;  
broken branches, or crown area missing based on presencebroken branches, or crown area missing based on presence  
of old snags is 50 percent or less.of old snags is 50 percent or less.

      � �� ���
������������
������������; branch mortality, twig dieback, or; branch mortality, twig dieback, or  
foliage discoloration present in more than 50 percent of thefoliage discoloration present in more than 50 percent of the  
crown, but foliage is still present to indicate the tree iscrown, but foliage is still present to indicate the tree is  
alive; broken branches, or crown area missing based onalive; broken branches, or crown area missing based on  
presence of old snags is more than 50 percent; branchpresence of old snags is more than 50 percent; branch  
breakage and crown missing is recorded in the 5breakage and crown missing is recorded in the 5--percentpercent  
classes in the notes.classes in the notes.

        !�!���������������������������; tree is dead, either standing or down;; tree is dead, either standing or down;  
phloem under bark has brown streaks; few epicormic shootsphloem under bark has brown streaks; few epicormic shoots  
may be present on the bole; no further entries needed.may be present on the bole; no further entries needed.

      �"��"�����������, , ���������
�����������
��; tree removed; tree has been; tree removed; tree has been  
sawed or girdled by humans.sawed or girdled by humans.

Tapping RecordTapping Record   (Sugar maple only)   (Sugar maple only)

From 1988 through 2004, taphole closure was recorded.From 1988 through 2004, taphole closure was recorded.  
The number of tapholes was recorded annually for all theThe number of tapholes was recorded annually for all the  
sugar maples.  One entry was made for the total number ofsugar maples.  One entry was made for the total number of  
open tapholes.  A taphole is considered open when the pointopen tapholes.  A taphole is considered open when the point  
end of a  pencil pushed into the hole hits cambium.  Whenend of a  pencil pushed into the hole hits cambium.  When  
not certain the hole was not counted. Unusual observations,not certain the hole was not counted. Unusual observations,  
such as predominance of multiple taps on one side of a tree,such as predominance of multiple taps on one side of a tree,  
are recorded in the notes. This measure was discontinued inare recorded in the notes. This measure was discontinued in  
2005 because many sugarbushes had begun using smaller2005 because many sugarbushes had begun using smaller  
diameter taps, and it was difficult to determine tapholediameter taps, and it was difficult to determine taphole  
closure. closure. 

Starting in 2005, the new tapping data consisted of: tappedStarting in 2005, the new tapping data consisted of: tapped  
or not tapped; and the size of the tap being used on each ofor not tapped; and the size of the tap being used on each of  
the 5 plots (7/16” (standard), 19/64” (health spout), orthe 5 plots (7/16” (standard), 19/64” (health spout), or  
smaller (micro)). smaller (micro)). 

Bole QualityBole Quality   (All hardwoods)   (All hardwoods)

No individual “Bole Quality” will be taken in 2007.No individual “Bole Quality” will be taken in 2007.  
Instead, a “Bole Damage Code” will be entered for sugarInstead, a “Bole Damage Code” will be entered for sugar  
maples (see separate section below). Severe bole damagemaples (see separate section below). Severe bole damage  
that might affect tree vigor was recorded for all species inthat might affect tree vigor was recorded for all species in  
1988.  Annually, 1988.  Annually, ������� �� �  ����������������� �� ���thought to have occurredthought to have occurred  
since previous year, is recorded.  The Field Form permitssince previous year, is recorded.  The Field Form permits  
entry of a maximum of three types of damage.  If moreentry of a maximum of three types of damage.  If more  
damage is noted, the numbers may be entered in the notes.damage is noted, the numbers may be entered in the notes.

Location of bole defectsLocation of bole defects

  1   1 -- lower half (above the stump, 30 cm above ground, but lower half (above the stump, 30 cm above ground, but  
in the  lower half of the bole)in the  lower half of the bole)

  2   2 -- upper half (upper half of the bole, but below crown or  upper half (upper half of the bole, but below crown or 
branch forks)branch forks)
  3   3 -- whole bole (defects in both halves or continuous) whole bole (defects in both halves or continuous)
  4   4 -- stump/roots (defects visible on the buttress roots or stump/roots (defects visible on the buttress roots or
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  stump within 30 cm from the ground)stump within 30 cm from the ground)
  5   5 -- whole tree (includes bole, stump, and roots) whole tree (includes bole, stump, and roots)

Type of injury,damage, and defects on the boleType of injury,damage, and defects on the bole
  
As many as three major defects or type of damage on theAs many as three major defects or type of damage on the  
bole were recorded in 1988.  Thereafter, any bole were recorded in 1988.  Thereafter, any ��������
growthgrowth--impairing injury is added annually.  These defectsimpairing injury is added annually.  These defects  
are registered as:are registered as:

�������
����������#�
����������# (at some point within a 3 (at some point within a 3--m length,m length,  
curve of bole sufficiently severe that the curved section iscurve of bole sufficiently severe that the curved section is  
completely outside the cylinder, above and below).completely outside the cylinder, above and below).
�������
��������
������� (the swollen area exceeds one quarter of the (the swollen area exceeds one quarter of the  
bole diameter; slowly healing branch stubs with largebole diameter; slowly healing branch stubs with large  
swellings are included)swellings are included)
������������������
������������
 or stubs (dead branches larger than 10 or stubs (dead branches larger than 10  
cm on the bole or any dead stubs of that size creating opencm on the bole or any dead stubs of that size creating open  
wounds; bole above the base of the crown, or any majorwounds; bole above the base of the crown, or any major  
branch fork, not included)branch fork, not included)
����������������������
����������������
 (area of exposed wood larger than (area of exposed wood larger than  
4 cm4 cm22; includes cankers that have exposed wood); includes cankers that have exposed wood)
�������
����������������
��������������� (area of exposed wood 4 cm (area of exposed wood 4 cm22 or or  
less; holes created by tapping not included)less; holes created by tapping not included)
��������������#��������#, dry & tight (old bruise or other damage, dry & tight (old bruise or other damage  
extending more than 10 cm, covered by dead bark; includesextending more than 10 cm, covered by dead bark; includes  
cankers)cankers)
� � ���
�����������#�
�����������# (bark is splintering and separating from (bark is splintering and separating from  
the wood) the wood) 
�!�!������
������������
�������� (large wounds healed and completely (large wounds healed and completely  
closed as indicated by overgrown live bark; may includeclosed as indicated by overgrown live bark; may include  
large overgrown branch stubs)large overgrown branch stubs)
�"�"���
���
������#
�
���
������#
 (elongated narrow wounds, at least 1 (elongated narrow wounds, at least 1  
m, not more than 2 cm wide; open or closed, includingm, not more than 2 cm wide; open or closed, including  
scars)scars)
�$�$������������ (damage described in the notes) (damage described in the notes)

Causal agents for trunk or bole defectsCausal agents for trunk or bole defects

The probable agents responsible for trunk or bole defectsThe probable agents responsible for trunk or bole defects  
are entered only when the observer is reasonably sure of theare entered only when the observer is reasonably sure of the  
cause of damage. If more detailed identification is possible,cause of damage. If more detailed identification is possible,  
such as woodsuch as wood--boring insect, it is recorded in the notes.boring insect, it is recorded in the notes.  
Observations such as "windthrow", "hail damage", "frostObservations such as "windthrow", "hail damage", "frost  
damage" also are recorded in the notes.  Probable agentdamage" also are recorded in the notes.  Probable agent  
groups and their designated codes are:groups and their designated codes are:

0 0 -- causal agent not identified; or no damage present. causal agent not identified; or no damage present.
1 1 -- insect  insect -- In the notes record what signs were present. In the notes record what signs were present.
2 2 -- fungus  fungus -- Describe fruiting bodies or other signs. Describe fruiting bodies or other signs.
3 3 -- weather  weather -- Blowdown, leafscorch, hail, water level Blowdown, leafscorch, hail, water level  
change, frost, etc.change, frost, etc.
4 4 -- animal  animal -- Rubbing, gnawing, girdling, birdpecking, root Rubbing, gnawing, girdling, birdpecking, root  
damage from  grazing, etc.damage from  grazing, etc.
5 5 -- human  human -- Logging, blazing, girdling, etc.(Do not include Logging, blazing, girdling, etc.(Do not include  
tapping).tapping).
6 6 -- fire  fire -- Fire scars near base, burnt wood. Fire scars near base, burnt wood.
7 7 --



dieback, crown transparency, discoloration, dwarfeddieback, crown transparency, discoloration, dwarfed  
foliage, and presence of epicormic shoots.  These werefoliage, and presence of epicormic shoots.  These were  
selected for the purpose of measuring annual changes andselected for the purpose of measuring annual changes and  
not to evaluate tree vigor or condition.  Therefore, thenot to evaluate tree vigor or condition.  Therefore, the  
emphasis in method selection was placed on repeatability ofemphasis in method selection was placed on repeatability of  
measurements between individual raters and timing of themeasurements between individual raters and timing of the  
measurements.  Initially, crown condition ratings weremeasurements.  Initially, crown condition ratings were  
made for sugar maples only.  However, the following yearmade for sugar maples only.  However, the following year  
(1989) the cooperators agreed to expand crown condition(1989) the cooperators agreed to expand crown condition  
estimates to include all hardwood species.  In the originalestimates to include all hardwood species.  In the original  
plan, all the crownplan, all the crown--condition rating elements werecondition rating elements were  
considered as critical measurements. However, because ofconsidered as critical measurements. However, because of  
difficulties of repeating measurements, the rating ofdifficulties of repeating measurements, the rating of  
dwarfed foliage and epicormic shoot measurements wasdwarfed foliage and epicormic shoot measurements was  
dropped.  When the situation suggests that these maydropped.  When the situation suggests that these may  
provide additional information on tree health, estimatesprovide additional information on tree health, estimates  
may be added in the notes.may be added in the notes.

Uncertainty about definitions for discoloration resulted inUncertainty about definitions for discoloration resulted in  
removal of this measurement from the critical measurementremoval of this measurement from the critical measurement  
list, but the measurement continued to be collected.  list, but the measurement continued to be collected.  

Estimates of branch dieback and foliage transparency ofEstimates of branch dieback and foliage transparency of  
sugar maples are retained as critical measurements.sugar maples are retained as critical measurements.  
Originally these were collected based using a 12-classOriginally these were collected based using a 12-class  
rating system. In 2003, this was changed to 21-class ratingrating system. In 2003, this was changed to 21-class rating  
system that rates crown health in 5 percent categories,system that rates crown health in 5 percent categories,  
which is  more compatible with other Vermont forest healthwhich is  more compatible with other Vermont forest health  
surveys (Table 1).  Data quality guidelines are followed forsurveys (Table 1).  Data quality guidelines are followed for 







Data Collection and TransmissionData Collection and Transmission

Standard field forms are used to record data (Figs. 4, 6) inStandard field forms are used to record data (Figs. 4, 6) in  
the field. Previous years data are carried forward for thethe field. Previous years data are carried forward for the  
first 5 items on the form. Indelible ball point pens are usedfirst 5 items on the form. Indelible ball point pens are used  
to permit photo copying and prevent erasures.  Changes areto permit photo copying and prevent erasures.  Changes are  
initialed and dated by the person making the change. Wheninitialed and dated by the person making the change. When  
data must be transcribed because of damage to the originaldata must be transcribed because of damage to the original  
data sheets, another person checks the transcript, initials,data sheets, another person checks the transcript, initials,  
and dates each page.  The original data sheet is attached toand dates each page.  The original data sheet is attached to  
the transcript. In the field, the recommended practice for thethe transcript. In the field, the recommended practice for the  
recorder is to repeat measurements audibly before data arerecorder is to repeat measurements audibly before data are  
recorded.  Absence of an item is recorded as "0" to indicaterecorded.  Absence of an item is recorded as "0" to indicate  
that a measurement or an observation was made.  Absencethat a measurement or an observation was made.  Absence  
of an entry on the data sheet is considered as missing dataof an entry on the data sheet is considered as missing data  
unless specifically permitted.  The crew leader isunless specifically permitted.  The crew leader is  
responsible for checking completeness of data sheets beforeresponsible for checking completeness of data sheets before  
leaving the plot.  The names of the crew and the date ofleaving the plot.  The names of the crew and the date of  
collection are recorded on each data sheet.collection are recorded on each data sheet.

Data sheets from all clusters are stored in a single envelopeData sheets from all clusters are stored in a single envelope  
with proper plot identifications.  Two copies are made ofwith proper plot identifications.  Two copies are made of  
each data sheet.  One copy of the field sheets is kept in theeach data sheet.  One copy of the field sheets is kept in the  
office of the field crew, a second copy is sent to the dataoffice of the field crew, a second copy is sent to the data  
entry staff, and the original is mailed to the Stateentry staff, and the original is mailed to the State  
Coordinator. Beginning in 2006, all data entry was done byCoordinator. Beginning in 2006, all data entry was done by  
the Waterbury Office staff only. Data are entered into Excelthe Waterbury Office staff only. Data are entered into Excel  
spreadsheets. All forms and  electronic data are due to thespreadsheets. All forms and  electronic data are due to the  
State Coordinator by OCTOBER 1, 2007. State Coordinator by OCTOBER 1, 2007. 

Entry, Validation, and StorageEntry, Validation, and Storage

NAMP  provides information for up to 26 variables onNAMP  provides information for up to 26 variables on  
approximately 5,000 trees of which approximately 80approximately 5,000 trees of which approximately 80  
percent are sugar maples. Because of the size of the datapercent are sugar maples. Because of the size of the data  
set, it is important that the data be entered correctly and thatset, it is important that the data be entered correctly and that  
an efficient method of validation be developed to ensurean efficient method of validation be developed to ensure  
accuracy. The files are stored on hard drives as well as onaccuracy. The files are stored on hard drives as well as on  
CDs with the State Coordinator.  Once a file has beenCDs with the State Coordinator.  Once a file has been  
entered, checked, and validated, the file is archived on aentered, checked, and validated, the file is archived on a  
CD.  Annually, one copy of all files, in the form of a CD, isCD.  Annually, one copy of all files, in the form of a CD, is  
submitted for storage in a fireproof vault and for publicsubmitted for storage in a fireproof vault and for public  
access to the Vermont Monitoring Cooperative.access to the Vermont Monitoring Cooperative.

QUALITY ASSURANCEQUALITY ASSURANCE

Quality assurance consists of an organized group ofQuality assurance consists of an organized group of  
activities defining the way in which tasks are to beactivities defining the way in which tasks are to be  
performed to ensure an expressed level of quality. Theseperformed to ensure an expressed level of quality. These  
activities ensure that the operations and proceduresactivities ensure that the operations and procedures  
requiring control are defined, documented, andrequiring control are defined, documented, and  
implemented.  This plan prescribes proper handling ofimplemented.  This plan prescribes proper handling of  
critical equipment, specifications for critical measurements,critical equipment, specifications for critical measurements,  
training requirements to achieve necessary datatraining requirements to achieve necessary data  
standardization, and required field checks to document andstandardization, and required field checks to document and  
assure data comparability.assure data comparability.

Data QualityData Quality  

CrownCrown--condition measurements are critical for determiningcondition measurements are critical for determining  
changes in the condition of sugar maple.  Thechanges in the condition of sugar maple.  The  
crowncrown--condition ratings are subjective, quantitative, ocularcondition ratings are subjective, quantitative, ocular  
estimates.  The repeatability of measurements is assuredestimates.  The repeatability of measurements is assured  
through intensive training, standardized guides, and the usethrough intensive training, standardized guides, and the use  
of two persons, minimum, to rate each tree.  The first 2of two persons, minimum, to rate each tree.  The first 2  
years of crossyears of cross--checking showed that approximately 95 andchecking showed that approximately 95 and  
90 percent of remeasurements were within one class for90 percent of remeasurements were within one class for  
dieback and crown transparency, respectively.dieback and crown transparency, respectively.  
Discoloration and dwarfed foliage remeasurements alsoDiscoloration and dwarfed foliage remeasurements also  
showed high measurement repeatability, but a majority ofshowed high measurement repeatability, but a majority of  
the measurements were in the very low percentage classes.the measurements were in the very low percentage classes.  
Crews are trained and tested annually for satisfactoryCrews are trained and tested annually for satisfactory  
performance.  Field situations may occur when aperformance.  Field situations may occur when a  
measurement cannot be taken.  Documentation must bemeasurement cannot be taken.  Documentation must be  
provided for any measurement not taken by leaving blankprovided for any measurement not taken by leaving blank  
the space in the record.  That portion is deleted in thethe space in the record.  That portion is deleted in the  
analysis and does not appear as 0 or 1.analysis and does not appear as 0 or 1.

Standards and Critical MeasurementsStandards and Critical Measurements



ratings of the two is recorded.ratings of the two is recorded.

    2.Each rater is required to attend an annual training    2.Each rater is required to attend an annual training  
session and pass a rating qualifications examination.session and pass a rating qualifications examination.  
Records are maintained from all training sessions,Records are maintained from all training sessions,  
examinations, and certifications.examinations, and certifications.

Analysis of the remeasurement data showed that in 1988Analysis of the remeasurement data showed that in 1988  
approximately 5 percent of branch dieback and 9 percent ofapproximately 5 percent of branch dieback and 9 percent of  
foliage transparency remeasurements exceeded thefoliage transparency remeasurements exceeded the  
allowable tolerance limits (Burkman et al. 1990; Cline et al.allowable tolerance limits (Burkman et al. 1990; Cline et al.  
1989).  With improved training in 1989, less than 5 percent1989).  With improved training in 1989, less than 5 percent  
and approximately 8 percent of the remeasurementsand approximately 8 percent of the remeasurements  
exceeded the tolerance limits (Burkman et al. 1990).exceeded the tolerance limits (Burkman et al. 1990).

Training and CertificationTraining and Certification  

Annual training is provided to the field crews involved withAnnual training is provided to the field crews involved with  
the crown rating. The crown raters are required to attend thethe crown rating. The crown raters are required to attend the  
training and to complete certification for performance.training and to complete certification for performance.  
Certifications are received when a person demonstratesCertifications are received when a person demonstrates  
ability to rate dieback and foliage transparency within theability to rate dieback and foliage transparency within the  
specified tolerance limits more than 90 percent of the time.  specified tolerance limits more than 90 percent of the time.  

Large group training requires preselection of practice andLarge group training requires preselection of practice and  
certification trees.  Training is provided in groups ofcertification trees.  Training is provided in groups of  
approximately five persons under the guidance of anapproximately five persons under the guidance of an  
experienced crown rater.  Approximately 20 trees areexperienced crown rater.  Approximately 20 trees are  
evaluated to achieve proper standardization.  Then 20 treesevaluated to achieve proper standardization.  Then 20 trees  
previously rated by at least two experienced crown raters,previously rated by at least two experienced crown raters,  
are rated by each trainee.  Trees are rated from one sideare rated by each trainee.  Trees are rated from one side  
only, usually indicated by a tag, to assure that the personsonly, usually indicated by a tag, to assure that the persons  
are rating the same condition.  Trainees are given theare rating the same condition.  Trainees are given the  
opportunity to rerate a tree when their assessment deviatesopportunity to rerate a tree when their assessment deviates
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2.2. Provide results on trends in sugar maple and otherProvide results on trends in sugar maple and other  
hardwood species tree health and potential causes forhardwood species tree health and potential causes for  
tree health problems;tree health problems;

3.3. Provide site specific results on tree health for use byProvide site specific results on tree health for use by  
landowners for sustainable forest managementlandowners for sustainable forest management  
practices.practices.

Tables are used to present summary information for eachTables are used to present summary information for each  
cluster,  and for the entire state.  Much of this information iscluster,  and for the entire state.  Much of this information is  
in the form of averages: average number of trees perin the form of averages: average number of trees per  
cluster, average number of tapholes per tree, average d.b.h.,cluster, average number of tapholes per tree, average d.b.h.,  
and averages of the critical variables (dieback,and averages of the critical variables (dieback,  
transparency, and vigor).  The ranges for the variables aretransparency, and vigor).  The ranges for the variables are  
given in addition to their averages.given in addition to their averages.

In addition to averages, the frequency of healthy andIn addition to averages, the frequency of healthy and  
unhealthy trees by site, incidence of defoliation, and boleunhealthy trees by site, incidence of defoliation, and bole  
and stand damage summaries are calculated. and stand damage summaries are calculated. 

In 2007, the 20-year measurement for the original 26 plot-
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