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1 DESCRIPTION

1.1 Purpose

Data collected, analyzed and described hare used to inform the site design activities for NEON
project TeamsEHS (permitting), FCC, ENG and F3iik report was made based on actual site visit to
the 3 NEON sites in Domain 0This document presents all the supporting data for FIU site
characterzationat DO1

1.2 Scope

FIU site characterization dagand analysis results presented rig document are for th three D01
tower locationsHarvard Forest sitAdvancedl, Bartlett Experimental Foresite (Relocatable 1), and
Plum IslandSuburbarRelocatéle site (Relocatable 2)ssues and concerns for each site that need
further revieware also addressed in this document according to our best knowledge.

Disclaimey alllatitude and longitude points argulject to the tolerances of our measurement system,
i.e., GPS.
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2 RELATED DOCUMENT®MACRONYMS

2.1 Applicable Documents

AD[01] | NEON.DOC.011008FIU Tower Design Science Requirements

AD[02] | NEON.DOC.011000FIU Technical and Operation Requirements

ADI[03]

AD[04] | NEON.DOC.0110291U Precipitatioollector Site Design Requirements

2.2 Reference Documents

ROO01] NEONDOC.000008 NEONAcronym List

RO02] NEON.DOC.000243 NEON Glossary of Terms

RO03]

RO04]

2.3 Acronyms

2.4 Verb Convention

"Shall" is used whenever a specification expresspsogision that is binding. The verbs "should" and
bYlFébh SELINB&aa y2ynYlyRIFEI2NE LINRPOAAAR2YAD h2Afftbh A&
of the design activity.

Page2 of 133



o . - . Author.
n e ;.3 n Title: FIU DO1 Site CharacterizatioBupporting Data | |/ avroc oescher Date09/23/2011

NEON Doc.:#NEON.DOC.011041 Revision: C

NATIONAL ECOLOGICAL OBSERVATORY NETWORK

3 HARVARD FORE&DVANCED TOWISRTE)
3.1 Site description

NEON Harvard Foresandidateadvanced tower site is located at Harvard Forest, Petersham,
Massachusetts42.53690 N-72.17266 Welevation 340 m above sea levelihe terrain was

moderately hilly 30 m relief, gentle slopes95% forested, with the nearest paved roads ki away

and small town > 10 km awgWofsyet al. 1993) Soils are largely acidic sandy loams that developed in
glacial tills overlying gneiss and schist bedroéariability in relief, depth to bedrock, and the local

presence of a hardpan (restrictive sgbil horizon) create a highly variable pattern of soil drainalee

F @SN IS | yydz £ (SYLISréklpériddaferades fivey ndopthsxahdzanniiak S F N2 &
precipitation is weldistributed, averaging 105 cm, with 150 cm of snow (Rasche 18&8yard Brest

is one of the oldest forest research sites in the United States, and has been intensively studied since its
acquisition by Harvard University in 190otzkinet al. 199).

Thereisan existing tower sitand a measurement platformext to NEOMdvanced dwer site. The
existingtower is located at 42.537755 N latitude, 72.171478 W longitude andrB48SL) elevation; the
walkup platform is ~130m awa®}Z.536875 N, 72.172602 WAtmospheric measurements are taken
from a 30m tower (Rohn 25Gyvhich extends @n above the forest canopy and from a waif

platform. Ecological measurements are conductegliots stretching out in the tower footprint
(information sourcehttp://atmos.seas.harvard.edu/lab/hf/hfsite.htm! The Harvard Forest tower is on
land owned by Harvard University. The site is designated as an LTERhsiferest has been impacted
by hurricanes in 1938, 1944, 1954, 1960, and 13®imate measurements have been made at Harvard
Forest since 1964 (lofmation source:
http://public.ornl.gov/ameriflux/Site_Info/sitelnfo.cfm?KEYID=us.harvard forest.01

The NEON tower is approximately 18 m east of the wadatform; however, Bill Munger said that the
walkup platform tower will be removed.

3.2 Ecosystem

Harvad Forest is a regenerating tem@te forest. The vegetation is typéd of the Transition
HardwoodsWhite PineHemlock region (Westveld et al. 195&ominant species include red oak
(Quercus rubrg red maple Acer rubrun), black birchBetula lentg, white pine Pinus strobus and
hemlock (Buga canadensjswhite oak Quercus albg black oakQuercus veluting Shagbarkickory
(Carya ovata The nixed deciduous forest is ~8@arold. Mean canopy height is ~ 23 emd structure
shows asurface roughness lengthG:5-0.6 m and zero plane displacement ~ 19 m
(http://public.ornl.gov/ameriflux/Site _Info/sitelnfo.cfim?KEYID=us.harvard fore$t0&nopy area
density was estimated to be ~ 4.6 in summer and ~ 1%4n#in winter seasor(Sierraet. al, 2009).

Vegetationand land coveinformation atsurrounding regiorare presented below
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NEON Core Tower

o

4
Miles

0051

# NEON Core Tower
D CoreBoundary
\:l Agriculture-Cultivated Crops and Irrigated Agriculture
\:l Agriculture-Pasture and Hay
- Atlantic Swamp Forests
\:l Barren
- Chestnut Oak-Virginia Pine Forest and Woodland
- Coastal Plain Oak Forest
- Developed-High Intensity
- Developed-Low Intensity
- Developed-Medium Intensity
- Developed-Open Space
- Eastern Floodplain Forests
- Eastern Small Stream Riparian Forests
\:l Hardwood Flatwoods
- Inland Marshes and Prairies
- Introduced Upland Vegetation-Treed
- Introduced Wetland Vegetation-Mixed
- Managed Tree Plantation
- Open Water
- Pine-Hemlock-Hardwood Forest
\:l Red Pine-White Pine Forest and Woodland
- Ruderal Forest
- Spruce-Fir-Hardwood Forest
- White Oak-Red Oak-Hickory Forest and Woodland
|_| Yellow Birch-Sugar Maple Forest

Figure 1Vegetativecover map of Harvard Forest and surrounding areas
(information is from USG8ttp://landfire.cr.usgs.gov/viewer/viewer.hth

Table 1 Percent_and cover typat Harvard Forest

(information is from USGS8itp://lan dfire.cr.usgs.gov/viewer/viewer.htjn

Land cover type Area(km?) Percentage (%)

Atlantic Swamp Forests 5869.20 0.59
Chestnut Oalirginia Pine Forest and Woodlan 79680.50 7.97
Inland Marshes and Prairies 1476.34 0.15
PineHemlockHardwood Forest 155849.14 15.60
Red PinéWhite Pine Forest and Woodland 11009.66 1.10
Yellow BirckSugar Maple Forest 745245.17 74.59
Total 999130.02 100.00

The representative ecosystemthat NEON design is focused

deciduous/mixed secondary forest.
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Canopy height is ~26 m around tower site with lowest branchegr@tnd level. Oak and othettree
species formupper understorywith height ~ 16 m. Sedidgs and sapling of maple, hemlock and other
species forms the lower understory with mean height ~ 5 Grases, forbesand new seedlingform
the understory at ground level with height ~1i

Table 2 Ecosystenand siteattributesfor Harvard Forest Advanced tower site.

Ecosystem attributes Measure and units

Mean canopy height 26m

Qirface roughness 0.8m

Zero place displacement height 225m

Structural elements Closed canopy, understory preset
uniform

Time zone Easterrtime

Magnetic declination 14° 38" W changing by 0° 3' Elye:

Note, *From model output.
3.3 Soils
3.31 Soil description

Soil data and soil maps (Figate 2) below forHarvard Forest Advanced towsite were collectedrom

1 knf NRCS soil mafitp://websoilsurvey.nrcs.usda.qgov/app/HomePage.Dtavhich centered at the
tower location, to déermine the dominant soil types in the larger tower foot print. This was done to
assure thathe soil array is in the dominant (or in the-dominant) soil type present in the tower
footprint.

Figure2. 1 knr’ soil map forHarvard forest NEON advanced tovsite, center at tower location.
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Map Unit DescriptionThe map units delineated on the dglied soil maps in a soil survey represent the
soils or miscellaneous areas in the survey arBlae map unit descriptions in thieport, along with the
maps, can be used to determine the composition anaperties of a unit.A mapunit delineation on a
soil map represents an area dominated by one or nroggor kinds of soil or miscellaneous areds.

map unit is identified and nameatcording to the taxonomic classification of the dominant saNsthin

a taxonomiaclass there argrecisely defined limits for the properties of the soi3n thelandscape,
however, they have theharacteristic variability of all natural phenomenghus, the range of some
observed properties may extend beyond the limits defined for a taxonomis.clasas of soils of a
single taxonomic class rarely, if ever, can be mapped witmmlitding areas of other taxonomic classes.
Consequently, every map unit is magie of the soils or miscellaneous areas for which it is named and
some minorcomponents hat belong to taxonomic classes other than those of the major shitsst

minor soils have properties similar to those of the dominant soil or soils iméqeunit, and thus they

do not affect use and managemerithese are calledon-contrasting, or sirilar, components.They

may or may not be mentioned ingarticular map unit descriptionOther minor components, however,
have propertiesand behavioral characteristics divergent enough to affect use or to require different
management. These are calledntrasting, or dissimilar, component3heygenerally are in small areas
and could not be mapped separately because ofst@le used Some small areas of strongly
contrasting soitypes or miscellaneous arease identified by a special symbol on the psalf included

in the database for given area, the contrasting minor components are identified in the map unit
descriptions along with some characteristics of eaiiffew areas of minocomponents may not have
been observed, and consequently they am mentioned in the descriptions, especially where the
pattern was so complex thatwtas impractical to make enough observations to identify all the soils and
miscellaneous areas on the landscapke presence of minor components in a map unit in no way
diminishes theusefulness or accuracy of the datéhe objective of mapping is not to delinegtere
taxonomic classes but rather to separate the landscape into landfordamdform segments that have
similar use and management requiremeni&hedelineation of such segments on the map provides
sufficient information for thedevelopment of resource plans. If intensive use of small areas is planned,
however,onsite investigation is needed to define and locate the soils and miscellaageas.An
identifying symbol precedes the map unit name in the map unit descriptash description includes
general facts about the unit and gives important godperties and qualities.

Soils that have profiles that are almost alike make up a soil seliéthe soils ofa series have major
horizons that are similar in composition, thickness, an@ngement. Soils of a given series can differ in
texture of the surface layer, slopstoniness, salinity, degree of erosion, and other characteristics that
affed their use.On the basis of such differences, a soil series is divided into soil phases. thast of
areas shown on the detailed soil maps are phases of soil s@iiesname o soil phase commonly
indicates a feature that affects use or managemefdr example, Alpha silt loam, 0 to 2 percent slopes,
is a phase of the Alpha seri€&ome map units are made up of two or more major soils or miscellaneous
areas.These map units are complexes, associations, or undifferentiated gréupsmplex consistsfo
two or more soils or miscellaneous areas in such an intrigateern or in such small areas that they
cannot be shown separately on the maphe pattern and proportion of the soils or miscellaneous
areas are somewhat similar all areas.AlphaBetacomplex, 0 to 6 percent slopes, is an exampe.
association is made up of two or more geographically associated saoilscgllaneous areas that are
shown as one unit on the map8ecause of presemr anticipated uses of the map units in the survey
area, it was not consideregractical or necessary to map the soils or miscellaneous areas separately.
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Thepattern and relative proportion of the soils or miscellaneous areas are somesirhdar. Alpha
Beta association, 0 to 2 percent slopes, is an exanph undifferentiated group is made up of two or
more soils or miscellaneous arehsit could be mapped individually but are mapped as one unit
because similainterpretations can be made for use and managemerte pattern and proportioof
the soils or miscellaneous areas in a mapped area are not unifArmarea came made up of only one
of the major soils or miscellaneous areas, or it can be mgdef all of them.Alpha and Beta soils, 0 to
2 percent slopes, is an examplBome sureys include miscellaneous aregduch areas have little or no
soilmaterial and support little or no vegetatiorRock outcrop is an examplédditional information
about the map units described in this report is availabletiver soil reports, whichige properties of
the soils and the limitations, capabilitiemyd potentials for many use®lso, the narratives that
accompany the soil reportdefine some of the properties included in the map unit descriptions.

Table3. Soil Series and percentagesoil series within km? centered on the tower
AreaObject Interest (AOI) is thmapping unit from NRCS.

Worcester County, Massachusetts, Northwestern Part (MA614)

Map Unit Soil types Acres in AOI%AOI

Symbol

59A Bucksport and Wonsqueak mucks, 0 to 3 percent slopes 75.1 *8.0%

253C Hinckley loamy sand, 8 to 15 percent slopes 7.3 0.8%

253E Hinckley loamy sand, 25 to 35 percent slopes 6.1 0.6%

254B Merrimac fine sandy loam, 3 to 8 percent slopes 5.€ 0.6%

355B Marlow fine sandy loam, 3 to 8 percent slopes 3.9 0.4%

900E BecketMonadnock association, 15 to 45 percent slopes, extremely 13.c 1.4%
stony

901E BerkshireMarlow association, 15 to 45 percent slopes, extremely s 35.2 *3.7%

905C PeruMarlow association, 3 to 15 percent slopes, extremely stony 272.¢ 28.9%

908C BecketSkerry association, 3 to 15 percent slopes, extremely stony 335.¢ *35.6Y

913E LymanTunbridgeBerkshire association, 15 to 45 percent slopes, 64.5 6.8%
rocky

917B PillsburyPeacham association, 0 to 8 percent slopes, extremely stc 101.1 *10.79

924C TunbridgeLymanBerkshire association, 3 to 15 percent slo| 22.¢ 2.4%
extremely stony

Totals for Area of Interest 943.7 100.09

Note, asterix indicates dominate soil type in airshed

Worcester County, Massachusetts, Northwestern Part 9988=cketSkerry association, 3 to 15
percent slopes, extremely stony Map Unit Settiddean annual precipitatior39 to 55 inche#ean
annual air temperature39 to 45 degrees Frostfree period:120 to 240 day#ap Unit Composition
Becket and similar soil40 percentSkerry and similar soil80 percentMinor components30 percent
Description of Becket Settingandform:HillsLardform position (twedimensional) ShoulderLandform
position (threedimensional)Nose slop@ownslope shapeConvexAcrossslope shapeConvexParent
material: Friable coarséoamy eolian deposits over dense sandy lodgmenPtiiperties and qualities
Jope:8 to 15 percenBurface area covered with cobbles, stones or boul@épercentDepth to
restrictive feature18 to 35 inches to dense materiatainage clas3ell drainedCapacity of the most
limiting layer to transmit water (KsatModerately bw to moderately high (0.06 to 0.60 in/hDepth to
water table:About 24 to 42 incheBrequency of floodindgdoneFrequency of pondingNoneAvailable
water capacityVery low (about 2.9 inche#)terpretive groupsLand capability (nonirrigatedy:s
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Typical profile0 to 4 inchesFine sandy loar to 13 inchesFine sandy loarh3 to 18 inchesSandy
loam18 to 25 inchesGravelly sandy loar@5 to 65 inchesGravelly fine sandy loamescription of
Skerry Settind.andform:HillsLandform position (twalimensional)Backslopd.andform position (three
dimensional)Nose slopdownslope shapeConvexAcrossslope shapeConvexXParent materialfriable
loamy eolian deposits over dense sandy lodgment till derived from igneous and metamorphic rock
Propertiesand qualitiesSlope8 to 15 percenSurface area covered with cobbles, stones or boulders:
9.0 percentDepth to restrictive featuret5 to 35 inches to dense materiatainage clasdvloderately
well drainedCapacity of the most limiting layer to transmiater (Ksat)Moderately low to moderately
high (0.06 to 0.60 in/hrpepth to water tableAbout 18 to 30 incheBrequency of floodingdone
Frequency of pondinddoneAvailable water capacityery low (about 2.8 inchef)terpretive groups
Land capabilit (nonirrigated)7sTypical profileO to 2 inchesFine sandy loarf to 7 inchesFine sandy
loam7 to 15 inchesGravelly fine sandy loadb to 22 inchesGravelly sandy loar®2 to 30 inches:
Gravelly loamy san80 to 65 inchesGravelly sandinor Compaents BerkshirePercent of map unit:
10 percentMarlow Percent of map unittO percentMonadnockPercent of map unib percentPeru
Percent of map uni2 percentPillsburyPercent of map uni2 percentLandform:Depression®eacham
Percent of map unitt percentLandform:Depressions

Worcester County, Massachusetts, Northwestern Part 995€=ru-Marlow association, 3 to 15
percent slopes, extremely stony Map Unit Settiddean annual precipitatior39 to 55 inche#ean
annual air temperature39 to 45 degrees Frostfree period:120 to 240 day#ap Unit Composition
Peru and similar soil80 percentMarlow and similar soil20 percentMinor components30 percent
Description of Peru Settingandform:HillsLandform position (twalimensional)Backslopd.andform
position (threedimensional)Side slopdowrntslope shapeConvexAcrossslope shapeConvexParent
material: Friable coarséoamy eolian deposits over dense coatsamy lodgment tilProperties and
gualities Slope3 to 15 percenSufface area covered with cobbles, stones or boulde@spercentDepth
to restrictive featurel?2 to 35 inches to dense materiatainage classvloderately well drained
Capacity of the most limiting layer to transmit water (Ksktdderately low to moderatly high (0.06 to
0.60 in/hr)Depth to water tableAbout 18 to 30 incheBrequency of floodingdoneFrequency of
ponding:NoneAvailable water capacity:ow (about 3.2 inchesjiterpretive groupsLand capability
(nonirrigated):7s Typical profile0 to 3 hchesFine sandy loar8i to 24 inchesFine sandy loar24 to 65
inchesFine sandy loarDescription of Marlow Settind.andform:HillsLandform position (two
dimensional)ShoulderLandform position (thredimensional)Nose slopéownslope shapeConvex
Acrossslope shapeConvexXParent materialfriable loamy eolian deposits over dense coarseloamy
lodgment till derived from mica schiBroperties and qualitiesSlope:3 to 15 percenSurface area
covered with cobbles, stones or bouldé&$§: percentDepthto restrictive feature24 to 28 inches to
dense materiaDrainage clas3iVell drainedCapacity of the most limiting layer to transmit water (Ksat):
Moderately low to moderately high (0.06 to 0.60 in/lrgpth to water tableAbout 24 to 42 inches
Frequenyg of flooding:NoneFrequency of pondingNoneAvailable water capacity:ow (about 3.7
inches)Iinterpretive groupsLand capability (nonirrigatedys Typical profileO to 2 inchesHighly
decomposed plant materi@ to 5 inchesFine sandy loarh to 26 inchesFine sandy loari6 to 65
inchesFine sandy loarMinor Components MonadnocPercent of map unitt2 percentSkerryPercent
of map unit:12 percentPillsburyPercent of map uni percentLandform:Depressions

Worcester County, Massachatis, Northwestern Part 9178 PillsburyPeacham association, 0 to 8

percent slopes, extremely stony Map Unit Settiigfevation:500 to 2,000 feeMean annual
precipitation:39 to 55 inchedlean annual air temperature39 to 45 degrees Frostfree period:120 to

PageB of 133



o . - . Author.
n e ;.3 n Title: FIU DO1 Site CharacterizatioBupporting Data | |/ avroc oescher Date09/23/2011

NEON Doc.:#NEON.DOC.011041 Revision: C

NATIONAL ECOLOGICAL OBSERVATORY NETWORK

240 daydMap Unit CompositiorPillsbury and similar soil45 percentPeacham and similar soil35
percentMinor components20 percentDescription of Pillsbury Settingandform:Depressions
Landform position (twalimensional)Toeslopd.andform poiion (threedimensional)RiseDownslope
shape:LinearAcrossslope shapeConcavd?arent materialfFriable coarséoamy eolian deposits over
dense coarsdoamy lodgment till derived from granite and gneia®perties and qualitiesSlope0 to 8
percentSurface area covered with cobbles, stones or boul@eédgercentDepth to restrictive feature:
15 to 35 inches to dense materiatainage clasf?oorly drainedCapacity of the most limiting layer to
transmit water (Ksat)Moderately low to moderately hig(0.06 to 0.20 in/hrpepth to water table:
About 0 to 18 incheBrequency of floodingdoneFrequency of pondingioneAvailable water capacity:
Very low (about 3.0 inchef)terpretive groupsLand capability (nonirrigatedy:s Typical profile0 to 4
inches:Gravelly fine sandy loashto 24 inchesGravelly fine sandy loa2¥ to 65 inchesGravelly fine
sandy loanDescription of Peacham Settirlgandform:Depressiongandform position (two
dimensional)Toeslope_andform position (thredimensional)Dip Downslope shapelLinearAcross
slope shapeConcaveParent materialHighlydecomposed herbaceous organic material over dense
coarseloamy lodgment till derived from granite and gneB®perties and qualitieSSlope0 to 8
percentSurface area coveredtlicobbles, stones or bouldeBs0 percentDepth to restrictive features
to 18 inches to dense materiBlrainage class’ery poorly drainedapacity of the most limiting layer to
transmit water (Ksat)Very low to moderately high (0.00 to 0.20 in/fpth to water table:About O
inchesFrequency of floodinddoneFrequency of pondingfrequentAvailable water capacity:ow
(about 4.3 inchednterpretive groupsLand capability (nonirrigatedY:s Typical profile0 to 11 inches:
Highly decomposed plant ntexial 11 to 14 inchedrine sandy loari4 to 65 inchesGravelly fine sandy
loamMinor Components PertPercent of map unittO percentChocoruaPercent of map unib percent
Landform:BogsWonsqueakPercent of map unig percentLandform:BogsLymanPeicent of map unit:
1 percent

Worcester County, Massachusetts, Northwestern Part 59Bucksport and Wonsqueak mucks, 0 to 3
percent slopes Map Unit Settinglevation10 to 2,100 feeMean annual precipitatior89 to 55 inches
Mean annual air temperature39 to 45 degrees Frostfree period:120 to 240 daydap Unit
CompositionBucksport and similar soi5 percentWonsqueak and similar soi35 percentMinor
components20 percentDescription of Bucksport Settingandform:BogsLandform position (tweo
dimensional)Toeslope.andform position (thredimensional)Dip Downslope shapeConcaveAcross
slope shapeConcaveParent materialHighlydecomposed herbaceous organic mateRabperties and
gualities Slope0 to 3 percenDepth to restrictive featurdviore than 80 inche®rainage class/ery
poorly drainedCapacity of the most limiting layer to transmit water (Ksktpderately high to high
(0.20 to 6.00 in/hrDepth to water tableAbout 0 to 6 inche&requency of floodingNoneFrequency of
ponding:FrequentAvailable water capacityery high (about 20.9 incheliterpretive groupsLand
capability (nonirrigated)7w Typical profile0 to 18 inchesMuck 18 to 52 inchegvluck’52 to 65 inches:
MuckDescription of Wonsqueakeiting Landform:BogsLandform position (twalimensional):
Toeslopd_andform position (thredimensional)Dip Downslope shapeConcaveAcrossslope shape:
ConcavéParent materialHighlydecomposed herbaceous organic material over friable loamy basal til
Properties and qualitieSSlope0 to 3 percenDepth to restrictive featurévore than 80 inche®rainage
classVery poorly drainedapacity of the most limiting layer to transmit water (Ksktderately high
to high (0.20 to 2.00 in/hrpepth to watertable: About 0 to 6 inche&requency of floodingdone
Frequency of pondingdoneAvailable water capacityery high (about 13.4 inchelijterpretive groups
Land capability (nonirrigatedyw Typical profile0 to 15 inchesMuck 15 to 36 inchedvluck36to 65
inches:Gravelly fine sandy loaMinor Components Peacharercent of map uni® percentLandform:
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Depression$carboroPercent of map uni® percentLandform:TerracesVhitman Percent of map unit:
5 percentLandform:DepressionSearsportPercent of map unig percentLandform:BogsUnnamed-
other soilsPercent of map unitl percent

Worcester County, Massachusetts, Northwestern PAB0E BecketMonadnock association, 15 to 45
percentslopes, extremely stonylap Unit SettingMean annwal precipitation:39 to 55 inche®lean
annual air temperature39 to 45 degrees Frostfree period:120 to 240 daydap Unit Composition
Becket and similar soil40 percentMonadnock and similar soil80 percentMinor components30
percentDescriptionof BecketSettingLandform:HillsLandform position (twalimensional)Shoulder
Landform position (thredimensional)Nose slopdownslope shapeConvexAcrossslope shape:
ConvexParent materialFriable coarséoamy eolian deposits over densandylodgment tillProperties
and qualitiesSlope25 to 45 percenBurface area covered with cobbles, stones or boul@édgercent
Depth to restrictive featuret8 to 35 inches to dense materiatainage classVell drainedCapacity of
the most limiting lagr to transmit water(Ksat):Moderately low to moderately high (0.06 to 0.60 in/hr)
Depth to water tableAbout 24 to 42 incheBrequency of floodindNoneFrequency of pondingdone
Available water capacity/ery low (about 2.4 inchef)terpretive groupsLand capability (nonirrigated):
7sTypical profile0 to 4 inchesFine sandy loa to 13 incheskine sandy loari3 to 18 inchesSandy
loam 18 to 25 inchesGravelly sandy loar@5 to 65 inchesGravelly fine sandy loamescription of
MonadnockSettingLandform:HillsLandform position (twalimensional)Shoulded.andform position
(three-dimensional)Nose slopévlap Unit Description: Beckdflonadnock association, 15 to 45 percent
slopes extremely stongWorcester County, Massachusetts, Northwestern Barvnslope shape:
ConvexAcrossslope shapeConvexXParent materialFriable loamy eolian deposits over firm sandy basal
till derived from granite and gnei$&operties and qualitieSlope25 to 45 percenSurface area
covered with cobbles, stones or baers:9.0 percentDepth to restrictive featurets to 30 inches to
strongly contrastingextural stratificationDrainage clas3Vell drainedCapacity of the most limiting
layer to transmit wate Ksat):Moderately high to high (0.60 to 2.00 in/HDepth towater table:More
than 80 inche$requency of floodinddoneFrequency of pondingione

Available water capacityery low (about 2.8 inches)terpretive groupsLand capability (nonirrigated):
7sTypical profile0 to 4 inchesFine sandy loam to 5 incles:Sandy loan® to 20 inchesFine sandy
loam 20 to 25 inched-oamy san@5 to 65 inchesGravelly loamy sanBllinor ComponentsBerkshire
Percent of map unittO percentMarlow Percent of map unitlO percentPeruPercent of map unig
percentSkerryPercent of map uni® percentPillsburyPercent of map uni percentLandform:
Depression®eachanPercent of map unitt percentLandform:Depressions

Worcester County, Massachusetts, Northwestern Pait3E LymanTunbridgeBerkshire association,
15to 45 percent slopes, very rockilap Unit SettingElevation:10 to 3,500 feeMean annual
precipitation:39 to 55 inchedlean annual air temperature39 to 45 degrees Frostfree period:120 to
240 daydMap Unit CompositiorLyman and similar soil85 peacent Tunbridge and similar soil85
percentBerkshire and similar soilt5 percentMinor components25 percentDescription of Lyman
SettingLandform:Ledged andform position (twalimensional)SummitLandform position (three
dimensional)CrestDownslope shapeConvexAcrossslope shapeConvexParent material Shallow,
friable loamy basal till derived from schister schisProperties and qualitieSlope:15 to 45 percent
Surface area covered with cobbles, stones or boul@dypercentDepthto restrictive featurel14 to 22
inches to lithic bedrocBrainage classSsomewhat excessively drain€@ahpacity of the most limiting layer
to transmit water (Ksat)Low tohigh (0.01 to 6.00 in/hrpepth to water tableMore than 80 inches
Frequency of dloding:NoneFrequency of pondingNoneAvailable water capacity:ow (about 3.1
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inches)Iinterpretive groupsLand capability (nonirrigatedys Typical profile0 to 2 inchesHighly
decomposed plant materid to 5 inchesFine sandy loarh to 16 inchesHne sandy loani6 to 18
inches:.Unweathered bedrocbescription of Tunbridgé&ettingLandform:Ledged.andform position
(two-dimensional) SummitLandform position (thredimensional)CrestDownslope shapeConvex
Acrossslope shapeConvexXParent materialModerately deep, friable coardeamy basal tilderived
from schist over schiftroperties and qualitieSSlopel5 to 45 percenBurface area covered with
cobbles, stones or boulde®&0 percentDepth to restrictive feature24 to 27 inbes to lithic bedrock
Drainage classiVell drainedCapacity of the most limiting layer to transmit water (Kssgry lowto low
(0.00 to 0.01 in/hrDepth to water tableMore than 80 inche&requency of floodingdoneFrequency of
ponding:NoneAvailablewater capacityl.ow (about 4.1 inchesiterpretive groupsLand capability
(nonirrigated):7sTypical profile0 to 1 inchesHighly decomposed plant materiaito 3 inchesFine
sandy loanB to 25 inchesGravelly sandy loar25 to 26 incheddnweathered ledrockDescription of
BerkshireSettingLandform:HillsLandform position (twalimensional)Backslopdandform position
(three-dimensional) Side slopdownslope shapeConvexAcrossslope shapeConvexXParent material:
Friable loamy eolian deposits ovilim coarseloamypasal tillProperties and qualitiesSlopel5 to 45
percentSurface area covered with cobbles, stones or boul@dbpercentDepth to restrictive feature:
More than 80 inche®rainage classVell drainedCapacity of the most limiting yar to transmit water
(Ksat):Moderately high to high (0.20 to 6.00 in/HDepth to water tableMore than 80 inche§requency
of flooding:NoneFrequency of pondingdoneAvailable water capacity/ery high (about 13.5 inches)
Interpretive groupsLand capbility (nonirrigated)7sTypical profile0 to 1 inchesHighly decomposed
plant materiall to 3 inchesFine sandy loar8 to 27 inchesGravelly fine sandy loa2v to 65 inches:
Gravelly sandy loam, gravelly sandy lodinor ComponentsBecketPercent ofnap unit:6 percent
Marlow Percent of map uni® percentMonadnockPercent of map uni® percentPeruPercent of map
unit: 4 percentSkerryPercent of map uniB percentPeachamPercent of map unitt percentLandform:
Depression®illsburyPercent of map unitt percentLandform:Depressions

Worcester County, Massachusetts, Northwestern Pa&5Br Marlow fine sandy loam, 3 to 8 percent
slopesMap Unit SettingMean annual precipitatior9 to 55 inched#lean annual air temperature39 to
45 cegrees Frostfree period:120 to 240 dayMap Unit CompositiorMarlow and similar soils85
percentMinor componentsi5 percentDescription of MarlowSettingLandform:HillsLandform
position (twaedimensional)Backslopd.andform position (thredimensonal): Nose slopd&ownslope
shape:ConvexAcrossslope shapeConvexXParent materialFriable coarsédoamy eolian deposits over
densecoarseloamy lodgment till derived from mica schiBtoperties and qualitiesSlope3 to 8 percent
Depth to restrictive feature20 to 39 inches to dense materiatainage classiVell drainedCapacity of
the most limiting layer to transmit watgiKsat):Moderately low to moderately high (0.06 to 0.60 in/hr)
Depth to water tableAbout 24 to 42 incheBrequency of floodingNoneFrequency of pondingone
Available water capacityzow (about 3.9 inchesterpretive groupsLand capability (nonirrigated®e
Typical profile0 to 2 inchesHighly decomposed plant materiaito 5 inchesFine sandy loarh to 26
inchesFine sandy loar6 to 65 inches=ine sandy loariMinor ComponentsPeruPercent of map unit:
5 percentBecketPercent of map uni8 percentMonadnockPercent of map uniB percentBerkshire
Percent of map uni2 percentPillsburyPercent of map uni2 percentLandform:Depressions
Worcester County, Massachusetts, Northwestern PA#4G TunbridgeLymanBerkshire association,
3 to 15percent slopes, extremely stoniap Unit SettingElevation10 to 3,500 feeMean annual
precipitaion: 39 to 55 inchedlean annual air temperature9 to 45 degrees Frostfree period120 to
240 daydMap Unit CompositionTunbridge and similar soil80 percentLyman and similar soil25
percentBerkshire and similar soilk5 percentMinor componets: 30 percentDescription of Tunbridge
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SettingLandform:Ledged.andform position (twalimensional)SummitLandform position (three
dimensional)CrestDownslope shapeConvexAcrossslope shapeConvexParent materialModerately
deep, friable coarséoamy basal tilderived from schist over schiBroperties and qualitieSSlope8 to

15 percentSurface area covered with cobbles, stones or boul@dgpercentDepth to restrictive
feature: 24 to 27 inches to lithic bedroddrainage classiVell drainedCapacity of the most limiting layer
to transmit water (Ksat)Low tohigh (0.01 to 6.00 in/hrpepth to water tableMore than 80 inches
Frequency of floodingddoneFrequency of pondingNoneAvailable water capacityzow (about 4.1
inches)interpretive groupsLand capability (nonirrigatedysTypical profile0 to 1 inchesHighly
decomposed plant materidl to 3 inchesFine sandy loar to 25 inchesGravelly sandy loar25 to 26
inchesUnweathered bedrocbescription of LymarsettingLandform:Ledged.andform position (twe
dimensional)SummitLandform position (thredimensional) CrestDownslope shapeConvexAcross
slope shapeConvexXParent materialShallow, friable loamy basal till derived from schigtr schist
Properties and qualitieSlope8to 15 percentSurface area covered with cobbles, stones or boulders:
9.0 percentDepth to restrictive featuret4 to 22 inches to lithic bedrodirainage classSsomewhat
excessively draine@apacity of the most limiting layer to transmit water (Kskhowto high (0.01 to 6.00
in/hr) Depth to water tableMore than 80 inche&requency of floodingNoneFrequency of ponding:
NoneAvailable water capacity:ow (about 3.1 incheshterpretive groupsLand capability
(nonirrigated):7sTypical profile0 to 2 inties:Highly decomposed plant materialto 5 inchesFine
sandy loan® to 16 inchedFine sandy loari6 to 18 inchedJnweathered bedrocbescription of
BerkshireSettingLandform:HillsLandform position (twalimensional)Backslopd.andform position
(three-dimensional) Side slopdownslope shapeConvexAcrossslope shapeConvexXParent material:
Friable loamy eolian deposits over firm coarselodragal tillProperties and qualitiesSlope8 to 15
percentSurface area covered with cobbles, stones otdmya:9.0 percentDepth to restrictive feature:
More than 80 inche®rainage clasdVell drainedCapacity of the most limiting layer to transmit water
(Ksat):Moderately high to high (0.20 to 6.00 in/HDepth to water tableMore than 80 inche§requency
of flooding:NoneFrequency of pondingdoneAvailable water capacitymoderate (about 8.8 inches)
Interpretive groupsLand capability (nonirrigated):sTypical profileO to 1 inchesHighly decomposed
plant materiall to 3 inchesFine sandy lam 3 to 8 inchesFine sandy loar to 21 inchesGravelly fine
sandy loan1 to 65 inchesGravelly sandy loaklinor ComponentsBecketPercent of map unittO
percentMarlow Percent of map uni percentMonadnockPercent of map unit percentPeruPerent
of map unit:5 percentSkerryPercent of map unig percentPillsburyPercent of map unitt percent
Landform:Depressions

3.3.2 Soil semivariogram description

The goal of this site characterization of soil using seamibgrams is to determine the minimum distance
between the soil plots in the soil array that can be considered spatially independent. The cdilected
data ofsoilpropertieswill be used for emi-variograms, which is a geostatistical technique to detect
spatial autocorrelation between mapped samples of a quantitative variablg goil property datain

our case).In a variogram, the averaged squared difference in the residual value ofabiedbetween

all pairs of points is computed across distance intervals (lag cla§3ssputput is presented graphically
as a plot of the average sewwriance versus distance class (Figd)teThe semwvariance will converge
on total variance at distazes for which values are no longer spatially actorelated (this is referred to
as the range, Figur®.
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Three parameters estimated from the variogram describe spatial autocorrelation in the data (Bjigure
the range, the sill (the sill is the asymptovalue of semvariance at the range), and the nugget variance
(which describes sampling error or variation at distances below those separating the closest pairs of
samples).The range, sill and nugget variance were estimated from theoretical models/éra fitted

to the empirical variograms using ndinear least squares method3.he range distancé.¢., the

distance beyond which samples are spatially independent) was estimated from the empirical variogram
by fitting spherical theoretical modeldhis is the distance we will use to determine the spatial

separation of soil plots in soil array.

The variogram analysis will be used in turn, to determine the spatial scales at which we can consider soil
measurements spatially independent. This characterization will directly inform the minimal distance
betweeni) soil plot within each soil array) the soil profile measurementsj) Ecosystem productivity

plots, andiv) the microbial sampling. These data will directly inform NEON construction and site design
activities.

T(5.5)
Partial !
=il i sl
Range i
Mugget { - )
Distance

Figure3. Example semivariogram, depicting range, sill, and nugget.

I Cycle 1 i} Cycle 2 —»
w“-m LJ m L—' 42'“ —;:;"_‘.
#1
2 6 20 10 4 2
e - I .,
Y Y Y
8 30 6
L " 4%, J
Y Y
26 14

Figure4. Spatially cyclic sampling design for the measurements of soil temperature and soil water
content.
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Field measurements of soil temperaturel@ cm) and moisture (@5 cm) were taken o8 July 201@t

the Harvard Foressite. The sampling poinfsllowed the spatially cyclic sampling design by Bond

Lamberty et al(2006)(Figure 4). Soil temperature and moisture measurements were collected along

three transects (210 m, 84 m, and 84 m) located in the exqukatrshed aHarvard ForestDetails of

how the airshed was determined are provided below. Soil temperature was measured with platinum
resistance temperature sensors (RTD 810, Omega Engineering Inc., Stamford CT) and soil moisture was
measured with time dmain diaelectric sensors (CS616, Campbell Scientific Inc., Logan UT).

As well as measuring soil temperature and moisture at each sample point in Figure 4, measurements
were also taken 30 cm in front and behind the sampling point along the axis of tisetta For

example, at the 2 m sampling point, soil temperature and moisture was measured at 1.7 m, 2 m, and 2.3
m; this data is referred to as mobile data, since the measurements were taken at many different
locations. In addition, soil temperature and istre were continuously recorded at a single fixed

location (stationary data) throughout the sampling time to correct for changes in temperature and
moisture throughout the day.

Data collected were used for geospatial analyses of variograms in theifticdhtomputing language

with the geoR package to test for spatial autocorrelaifdrangmaset al. 1986; Webster & Oliver 1989;
Goovaerts 1997; Riberi® Diggle 2001and estimate the distance necessary for independence among
soil plots in the soil arrayo correct for changes in temperature and moisture over the sampling period,
the stationary data was subtracted from the mobile data. In many instances a time of day trend was still
apparent in the data even after subtracting the stationary data fromrttebile data. This time of day

trend was corrected for by fitting a linear regression and using the residuals for the semivariogram
analysis. Soil temperature and moisture data, R code, graphs, and R output can be found at:
PAFIUFIU_Site CharacterizatiddXXYYYYYY&haracterizatiorSoil Measuremenisoil Data Analysis
(where XX = domain number and YYYYYYY = site name).

In addition to the FIU site characterization of soil temperature and moisture corgeihfproperty data
from a previous field survey b®r Motzkin and others in 1992 from 269 soil sample plots (Figure 4) will
be used to evaluate thepatial variation of surface sa@it Harvard Forest Advanced tower sifdese

data from each of these plots include soil texture (clay, silt, and sandnatchange capacity (CEC),
organic matte (OM), bulk density, I, soil total carbor{C), total nitrogen (N), ratiof C:N, etc.Here,

we analyzed semiariograms for each of these textural and physical properties among the 269 plots.

Pagel4of 133



Author.

n e .3 n Title: FIU DO1 Site CharacterizatioBupporting Data | | Ayres/Loescher Date09/23/2011
; Revision: C

NEON Doc.:#NEON.DOC.011041

NATIONAL ECOLOGICAL OBSERVATORY NETWORK

Figure5. Historial land use map for the Prospect Hill Tract of Harvard Forest. Open circles indicate 269
sample plots (Motzkiet al. 1999)

3.3.3 Results and interpretation
3.3.3.1  Soil Temperature

Soil temperature data are the actual measurements during FIU site characteriZzibtemperature

data residuals, after accounting for changes in temperature in the stationary data and any remaining
time of day trend, were used for the semivariogram analysis (F@§uEexploratory data analysis plots
show that therewas no distinct ptierning of the residualg¢Figure6, left graphs) and directional
semivariograms do not show anisotrofigure7, center graph).An isotropic empirical semivariogram
was produced and a spherical model waé®di using Cressie weights (Figiheright graph). The model
indicates a distance of effective independenc&8fn for soil temperature.
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Figure6. Left graph: mobile (circles) and stationary (line) soil temperature data. Center graph:
temperature data after correcting for changes@mperature in the stationary data (circles) and a linear
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regression based on time of day (line). Right graph: residual temperature data after correcting for
changes temperature in the stationary data and the time of day regression. Data in the rightgragph

used for the semivariogram analysis.
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Figure?. Left graphs: exploratory data analysis plots for residuals of temperature. Center graph:
directional semivariograms for residuals of temperature. Right graph: empirical semivariogram (circles)

and nodel (line) fit to residuals of temperature.

3.3.3.2 Soil water content

Soil water content data are the actual measurements during FIU site characteriz&bdmwater

content data residuals, after accounting for changes in water content in the stationanaddtany
remaining time of day trend, were used for the semivariogram analysis (FByuExploratory data
analysis plots show thahoisture content was consistently low at the western side of the sampling area
(FigureB, left graph) and directionalemivariograms do not show anisotrogifigure9, center graph).

An isotropic empirical semivariogram was produced and a spherical model was fitte Cosgsie

weights (Figur®, right graph). The model indicates a distance of effective independen@5onh for

soil water content.
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Figure8. Left graph: mobile (circles) and stationary (line) soil water content data. Center graph: water
content data after correcting for changes in water content in the stationary data (circles) and a linear
regression basedn time of day (line). Right graph: residual water content data after correcting for
changes water content in the stationary data and the time of day regression. Data in the right graph
were used for the semivariogram analysis.
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Figure9. Left graphsexploratory data analysis plots for residuals of soil water content. Center graph:
directional semivariograms for residuals of water content. Right graph: empirical semivariogram (circles)
and model (line) fit to residuals of water content.

3.3.3.3

Other soil poperties

Resultdn this sessiomre analysis outputs based on the existing soil plots data (Mog&tkah 1999).A
spherical exponential or Gaussiaiovariance model was fit using Cressie weights and a maximum
distance of319m (Figures5-34). The estinated distance of effective independencanges from 50
meters to 880 m depending on the variables examin&gerage distance is ~ 122 meters from these
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analysis. The results from Nealambi Nkongo@ & |yl fe&aAira | faz2z @FINE FTNBY MH

(Appendx A)with average > 100 mThese distances determined by both analyses are too large to be

practical in layout soil array. Because of soil sampling plot was 22.5 m X 22.5 m (Mio&tkif99),

the maximum resolution we can getis ~ 45 m, whichisitdall G A £ t & O21 NAS F2NJ b9hb
From the preexisting sampling plots (studies from Drs. Motzkin and Nkongolo), the plots were analyzed
according to soil texture and soil properties, and seariogram analyses were preformed accordingly

for clay,silt and sand dominateglots, Figures®, 911, and 1214, respectively, and for CEC, OM, bulk
density, pH, soil carbon, soil nitrogen, and C:N ratios in Figurég, 18820, 2123, 2426, 2729, 3032,

and 3335, respectively.
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FigurelO. Exploratoy data analysifor clay in the soil plotat the Harvard Foresfdvanced Towesite.
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variofit: model parameters estimated by WLS (weighted least squares):
covariance model is: exponential
parameter estimates: tausq sigmasq
Practical Range with cor = 0.faf asymptotic range: 55.212
variofit: minimised weighted sum of squares = 89.6533
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Figurel3. Exploratory data analysfer siltin the soil plotsat the Harvard Foresfdvanced Towesite.
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Figurel5. Empirical variogram and model fit feilt in the soil plotsat the Harvard ForesAdvanced
Towersite

variofit: model parameters estimated by WLS (weighted least squares):
covariance model is: expential

parameter estimates: tausq sigmasq
Practical Range with cor=0.05 for asymptotic range: 957.842
variofit: minimised weighted sum of squares = 135.1071
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Figurel6. Exploratory data analysfer sand in the soplots at the Harvard Foresdvanced Towesite.
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Figurel8. Empirical variogram and model fit feandin the soil plotsat the Harvard Foresfdvanced
Towersite.

variofit: model parameters estimated by WLS (weighted least squares):
covariance model is: spherical

parameter estimates: tausq sigmasq  phi 0.0000 50.1457 49.5050
Practical Range with cor=0.05 for asymptotic range: 49.50501

varidfit: minimised weighted sum of squares = 163.3746

Page240f 133



neen

NATIONAL ECOLOGICAL OBSERVATORY NETWORK

Title: FIU DO1 Site CharacterizatioBupporting Data

Author.
Luo/ Ayres/Loescher

Date09/23/2011

NEON Doc.:#NEON.DOC.011041

Revision: C

= S D
S xxg%g:% y £y a o
8- TR Wl 8
o < L % o

= b Py =

=) R & =)

§ gk ¢ e 8

= g9 ' a =]

R R P 8
= %8 = =
— i 30 30 -
o o
o o
o o
I% T T T T T T I% T T T T T T
T 4712500 4713500 4714500 o100 20 30 40 50 60
X Coord data
) w N
o —
R G
o _
=
o —
= §+ Enls
o w
=] = —
& a
™
C! —
=] =1
o _
- o
C! -
4712500 4713500 4714500 =
X Coord 10 20 30 40 50 60 70
data

Figurel9. Exploratory data analysfer CEGn the soil plotsat the Harvard Foresfdvanced Towesite.
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Figure20. Directional variograms faCEC in the soil plo&t the Harvard ForesAdvanced Towesite
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Figure21. Empirical variogram and model fit f@EC in the soil plots the Harvard Forestdvanced
Towersite

variofit: model parameters estimated by WLS (weighted least squares):
covariance model is: spherical

parameter estimates: tausq sigieq phi 22.4887 23.8709 77.8139
Practical Range with cor=0.05 for asymptotic range: 77.81386

variofit: minimised weighted sum of squares = 258.6139
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Figure23. Directional variograms fdDM in the soil plotsit the Harvard Forestdvanced Towesite

Page270of 133




Date09/23/2011

3 o . - . Author.
n e :. n Title: FIU DO1 Site CharacterizatioBupporting Data Luo/ Ayres/Loescher

NEON Doc.:#NEON.DOC.011041

NATIONAL ECOLOGICAL OBSERVATORY NETWORK

Revision: C

® @
w |
(o]
@
=
. ® o @
£
=
E ® ® @
21 ¢« ® o°
& e K P L
. o &
o 4
T T T T T T
0 100 200 300 400 200
Meters (OM)

Figure24. Empirical variogram and model fit f&M in the soil plotsat the Harvard Foresfdvanced

Towersite.

variofit: model parametergstimated by WLS (weighted least squares):
covariance model is: spherical

parameter estimates: tausq sigmasq phi 0.0000 12.8025 79.0395
Practical Range with cor=0.05 for asymptotic range: 79.03951
variofit: minimised weighted sum of squares = 482.8416
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Figure25. Exploratory data analysfer bulk densityin the soil plotsat the Harvard Foresfdvanced
Towersite.

.
—_— o f
0 ;
- 45°
[} o g
S| 90° ;
S 135°
.
;
;
;
@ I
o
o™
=g
E f=)
=
E
17}
w
-
Q —
(=]
(=
o
L=

T T T T T T T
0 500 1000 500 2000 2500 3000

Meters (Bulk Density)

Figure26. Directional variograms fdsulk density in the soil plotat the Harvard Forestdvanced Tower
site.
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Figure27. Empirical ariogram and model fit fobulk densityin the soil plotsat the Harvard Forest
Advanced Towesite

variofit: model parameters estimated by WLS (weighted least squares):
covariance model is: spherical

parameter estimates: tausq sigmasq  phi 0.0@49058 200.0042
Practical Range with cor=0.05 for asymptotic range: 200.0042

variofit: minimised weighted sum of squares = 133.1447
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Figure29. Directional variograms fgoH in the soil plotst the Harvard Foresfdvanced Towesite.
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Figure30. Empirical variogram and model fit fpHin the soil plotsat the Harvard Foresfdvanced
Towersite.

variofit: model parameters estimated by WLS (vinggl least squares):

covariance model is: spherical

parameter estimates: tausq sigmasq  phi 0.0351 0.0444 200.0000

Practical Range with cor=0.05 for asymptotic range: 200

variofit: minimised weighted sum of squares = 101.5237
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Figure3l. Exploatory data analysi®r soil carborin the soil plotsat the Harvard ForesAdvanced

Towersite.
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Figure32. Directional variograms fazlay in the soil plotat the Harvard Foresdvanced Towesite.
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Figure33. Empirical variogram and model fit feall carbonin the soil plotsat the Harvard Forest

Advanced Towesite.

variofit: model parameters estimated by WLS (weighted least squares):

covariance model is: spherical

parameter estimates: tausq sigmasq  phi 0.0000 0.0319 70.0045

Practical Rangeith cor=0.05 for asymptotic range: 70.00449
variofit: minimised weighted sum of squares = 252.6491
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Figure34. Exploratory data analysis pldis soil nitrogenin the soil plotsat the Harvard Forest
Advanced Towesite.
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Figure35. Directional variogams forsoil nitrogen in the soil plotat the Harvard Forestdvanced Tower
site.
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Figure36. Empirical variogram and model fit feoil nitrogenin the soil plotsat the Harvard Forest
Advanced Towesite.

variofit: model parameters estimated by W{#ighted least squares):

covariance model is: spherical

parameter estimates: tausq sigmasq  phi 0e+0004Le5e+01

Practical Range with cor=0.05 for asymptotic range: 50

variofit: minimised weighted sum of squares = 514.8996
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Figure38. Directional variograms fdC:N ratio in the soil plotst the Harvard Foresdvanced Tower

site.
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Figure39. Empirical variogram and model fit f@:N ratio in the soil plotat the Harvard Forest
Advanced Towesite.

variofit: model parameters estimated by WLS (weighted least squares):

covariance model is: gaussian

parameter estimates: tausq sigmasq pBb85 17.1439 508.9077

Practical Range with cor=0.05 for asymptotic range: 880.8268

variofit: minimised weighted sum of squares = 155.1789

3.3.3.4  Soil array layout and soil pit location

The minimum distance allowable between soil plots is 25 m to ensure aelefjspatial independence

in nonmeasured soil parameters (i.e., other than temperature and water content) and the maximum
distance allowable between soil plots is 40 m due to cost constraints. The estimated distance of
effective independencebased on tk FIU soil temperature and moisture content measurements

73 m for soil temperature an@5 m for soil moisture. Based on these results and the site design
guidelines the soil plots &darvard Foresshall be placedOm apart. The soil array shall fol the
linearsoil array desig(Soil ArrayPattern B) with the soil plots being 5 m x 5 m. @irection of the soil
array shall b&810° from the soil plot nearest the tower (i.e., first soil plot). The location of the first soll
plot will be approximatel 42.537093;72.172956 The exact location of each soil plot will be chosen by
an FIU team member during site construction to avoid placing a soil plot at an unrepresentative location
(e.g., rock outcrop, drainage channel, large tree, etc). The FlUtdoit pharacterizing soil horizon
depths, collecting soil for sitepecific sensor calibration, and collecting soil for the FIU soil archive will
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be located a#12.535626;72.175605 primary location)or 42.535152;72.175615alternate location 1
if primary location is unsuitablepr 42.53783-72.17230(alternate location 2 if primary location is
unsuitable) A summary of thesoil information is shown in Tabfeand site layout can be seen in Figure

40.

Dominant soil series at the sitBecketSkerryassociation, 3 to 15 percent slopextremely stony The

taxonomy of this soil is shown below:
Order. Spodosols

Suborder Orthods

Great group Haplorthods

Subgroup Oxyaquic Haplorthodédquic Haplorthods
Family. Coarseloamy, isotic, frigid OxyaquidaplorthodsCoarseloamy, isotic, frigid Aquic Haplorthods
Series BecketSkerry association, 3 to 15 percent slopedremely stony

Table4. Summary of soil array and soil pit informatiort#rvard Forest0° represents true north and

accounts for delination.

All the expected soil depths are used for soil temperature and soil water content measureniaats.

noted for soil CO2 measurement depths.

Soil plot dimensions 5mx5m
Soil array pattern B
Distance between soil plots: x 40 m
Distancefrom tower to closest soil plot: y 29m

Latitude and longitude of*isoil plot OR
direction from tower

42.537093;72.172956

Direction of soil array

310°

Latitude and longitude of FIU soil pit 1

42.535626-72.175605primary location)

Latitude andongitude of FIU soil pit 2

42.535152-72.17561alternate 1)

Latitude and longitude of FIU soil pit 3

42.53783;72.17230(alternate 2)

Dominant soil type

BecketSkerry association, 3 to 15 percent slopes
extremely stony

Expected soil depth

0.450.89m

Depth to water table

0.612-1.07 m

Expecteddepth of soil horizons

Expected measurement depths

#0-0.10 m Fine sandy loam) 0.05m
0.10-0.33 m Fine sandy loam) 0.27m
#0.330.46 m Gandy loam) 0.40 m
0.46:0.64 m Gravelly sandy loam) 0.55m
#0.641.65 m Gravelly fine sandy loam) 1.15m
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Soil array

a
Soil Pit 3: 42.53783, -72:17230
(o)
% Existing Eddy Flux tower

Existing walk=up tower: 42.5'3688. -7:2°17:288

InstrumentHut:{42:53683; -7.2:17251

Access
route

Soil Pit 1: 42.535626, -72.175605 O
‘ Existing/soil warming hut:42.535352, -72:175043

O Soil'Pit;2:742:535152, -72:175615

Image MassGIS; Commonweaith of Massachusetts EOEAW

©2010/Google), >y .t‘ ¥ 0()0()8[6

- -
Imagery Date: Mar 31, 2005 lat "42.536602°" lon -72.173935"  elev 1164 ft Eye alt. 20852 ft

Figure40. Site layout at Harvard Forest showing soil array and location of the FIU soil pits

i) Tower location is presented (red pin), ii) red lines indicate the airshed boundaries. V&8@@ro
335 (clockwise froml90x) are the airshed areahat would have quality wind data without causing flow
distortions, respectively. iii) Yellow line is the suggested access road to instrument hut.

34 Airshed
34.1 Seasonal windroses

Wind roses analyticallgetermine and graphically represent the frequencies of wind direction and wind
speed over a given timeses, Figurell. The weather data used to generate the following wind roses
are from Harvard Forest LTER sixgsting flux tower, which is ~200 m frddEON tower siteThe
orientation of the wind rose follows that of a compgassume declination appliedWhen we describe
the wind directions it should be noted that they are the cardinal direction that wind blows from. The
directions of the rose witlthe longest spoke show wind directions with the largest frequency. These
wind roses are subdivided into 24 cardinal directions.
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3.4.2 Results (graphs for wind roses)
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Figure41. Windrosesrom the Harvard Forest LTERe.
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Data used here are hourly datlom 1991 to 1999 Data used here are hourly daieom 1991 to 1999
Data was collected and obtained from thtarvard Forest LTESRe. It is assumed that the wind data
was corrected for declinationPanels are (from to bottom), JaAMar, AprJun, JuSept, and OebDec.

3.4.3 Resultant vectors

Table5. The resultant wind vectors frotdarvard Forest using hourly data from 19611999.

Quarterly (seasonal) timeperiod Resultant vector % duration
January to March 277 29
Aprilto June 261° 26
July to September 253 34
October to December 272 30
Annual 265.8 na.

Table6. The percent duration of winds among cardinal directidfarvard Forest

3 frequency bins on each side of the cardinal direction. Data are ftamardForestusing hourly data
from 1991to 199. Blue text and underline indicates the dominant, winds occurring for the cardinal
direction >40% of the timeAppears as though there is a systematic bias in the data from WWSW

Quarterly (seasonal) timeperiod Cardinal direction

North East South West
January to March 23.6 156 226 38.3
April to June 22.0 15.7 28.6 339
July to September 20.1 105 323 36.9
October to December 23.2 156 26.8 346
3.4.4 Expected environmental controls on source area

Two types of models werommonlyused to determine the shape and extent of the source area under
different and contrasting atmospheric stability classes. An inverted plume dispersion model with
modeled cross wind salions were used for convectivenditions (Horst and Weil 1994). For strongly
stable conditions, and Lagrangian solution was used (Kormann and Meixner ZB8Xource area

models where bounded by the expected condisodepictthe extreme conditions. Convective

conditions typically havetrong vertical mixing between the ecosystem and atmosphere (surface layer).
Stable conditions typically have loagurce area and associated waveforn@onvective turbulence is
often characterized by short mixing scales (scalar) and moderate daytindespgedse.g.,1-4 m <.

Higher windspeeds, like those experienced over the Rockies, are often the product of mechanical
turbulence with long waveforms. Because thermal stratification is very efficient in suppressing vertical
mixing, stable conditionalso have typically very long waveforms.

As a general rule, shorter and leswusturally complex ecosystems hageod vertical mixing during all
atmospheric stabilities. Taller and more structurally complex ecosystems have well mixed upper
canopies dung the daytime, and can be decoupled below the canopy under neutral and stable
conditions(e.g., Harvard Forest, Bartlett Experimental Forest, and Burlington Conservation Ahea)
type of turbulence (mechanical verse convective) and the physicébatitis of the ecosystem control
the degree of mixing, and the length and size of the source area.
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Here,we usal a webbased footprint model to determine the footprint area under various conditions
(model info:http://www.geos.ed.ac.uk/abs/research/micromet/EdiToo)sMWinds usedo run the
model and generatéollowingmodel results arextracted fromthe wind roses.Vegetation information,
temperature and energy information were either from the RFI document, previous site visit report,
available data files or best estimated from experienced expeieasurement height was determined
from the Tower Height Info documeptovided by ENG group, thesrify according to the real
ecosystem structure after FIU site characterization at §t@s 1-3 and 46 represents the expected
conditions forsummer and winter conditions, respectively, with maximum and mean windspeeds
(daytime convective) and nighttimes{able atmospherégsconditions. The windvectorfor each run was
estimated from wind roses arid placed as a centerline in the site map included in the grapfiics.
width of the footprint was also estimated using the dgh betweenthe isopleth 0f80% cumulative flux
and center lindo calculate theangle from centerline This information, along with distance of the
cumulative flux isopleths and wind direction, will define the source area for the flux measurements on
the top of the tower.

Table7. Expected environmental controls to parameterize the source area model, and associated results
from Harvard Foresadvanced site.

Parameters Run 1 Run 2 Run 3 Run 4 Run 5 Run 6 units

Approximate season summer winter
Day Day Night Day Day night qualitative
(max WS)  (mean WS) (max WS)  (mean WS)
Atmospheric stability convective  convective  Stable convective convective Stable  qualitative
Measurement height 33 33 33 33 33 33 m
Canopy Height 23 23 23 23 23 23 m
Canopy area density 4.6 4.6 4.6 1.4 1.4 1.4 m
Boundary layer depth 2000 2000 2000 2000 2000 2000 m
Expected sensible heat 350 350 30 50 50 210 W m?
flux
Air Temperature 23 23 14 3 3 -7 °C
Max. windspeed 5.7 3.4 1.4 8.8 3.7 1.7 ms'
Resultant windrector 253 253 253 277 277 277 degrees
Results

(zd)/L -0.07 -0.24  -0.27 0.00 -0.04 0.18 m
d 19 19 19 16.00 16.00 16.00 m
Sigma v 2.4 200 0.87 3.00 1.60 1.80 m?s?
Z0 0.81 0.81 0.81 1.60 1.60 1.60 m
u* 0.89 0.61 0.26 1.50 0.67 022 mst
Distancesource area 0 0 0 0 0 0 m
begins
Distance of 90% 615.4 4431 393.8 713.8 6400 731.4 m
cumulative flux
Distance of 80% 393.8 270.8 246.2 467.7 426.7 582.9 m
cumulative flux
Distance of 70% 295.4 184.6 172.3 344.6 296.3 4343 m
cumulative flux
Distanceof 60% 2215 147.7 123.1 246.2 237.0 3314 m

cumulative flux
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Distance of 50% 172.3 1108 985  209.2 1778 2514 m
cumulative flux
Distance of 40% 147.7 86.2 738  160.0 1422 1943 m
cumulative flux
Distance of 30% 98.5 492  49.2 123.1 1185 160.0 m
cumulative flux
Dlstancg of 20% . — — 86.2 - 125.7 m
cumulative flux
D|stanc§ of 10% L — — — --- 80.0 m
cumulative flux
Peak contribution 60 60 20 200 200 250 m

3.4.5 Results (source area graphs)
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[Fles |Contols | [Footprint [Brightness distribution
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\ J
Canopy Height: 23.0
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Canopy Area Density: 5.0120
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Air Temperature: 23,00

‘ J
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Figure42. Harvard Forest summer daytinfeonvective) footprint output with max wind speed.
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Figure43. Harvard Forest summer daytime (convective) footprint output with mean wind speed.

Figure44. Harvard Forest summer nighttime (stable) footprint output witleanwind speed.
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Figure44. Harvard Forest winter daytime (convective) footprint output with max wind speed.
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Figure45. Harvard Forest winter daytime (convective) footprint output with mean wind speed.
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Figure46. Harvard Forest winter nighttime (stable) footprint output witteanwind speed.
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3.4.6 Acceptance criteria

Micrometeorological theory and the eddy covariance technique were established over uniform
vegetative canopies witkhort roughness lengths on flat terrain and large fetch. The objeisttoe
place a towelin such a way to optimize the amount of timénere all the flows (winds) and
microclimatewith minimal disturbance and secondary filteringlow through the towemust be
discounted and screened against data quality criteria (FIU V+V Bloeys that pass through a tower
often have to be screened and filtered out of a leéegn dataset. If positioning a tower can be
positioned on the landscape towards an undesiedlnd use type or influence on the leeward side of
the towert if it is well known the data will have low qualibhdditional concerns and acceptance
criteria can be found in the FIU Tower Science requirements, AD 01.

The tower should be sited to maximize the time with winds blowing from the desired land cover type,
and with the longest upwind fetch attainable. If the surroundings are not of a uniform cover type, there
needs to be some analysis of prevailing windsémdnstrate that the desired sectors are sampled
uniformly through time. Consider the extreme example of a site with two different forest types and a
consistent daily wind cycle that blew from one forest type and in the day and the other at night. Daily
integratednet ecosystem exchangBlEEin this situation would be uimterpretable. This extreme
condition is unlikely, but many sites could have more subtle wind direction biases that need to be
examined and considered in data interpretation. sytems are subject to horizontal flux divergence,
advective motions, wake effects and drainage of air sheds (FIU Tower Science Requirements). Footprint
analyses to determine the source area under different stabilities, wind speeds and direction among
seaons provide valuable guidance for appropriate tower placement, documentation of site
characteristics, and definition of data acceptance criteffiaken and Leclerc 200prst and Weil 1992,
Horst and Weil 1994a, Horst and Weil 1994b, H&G01,Kormannand Meixner 2001, Schmid and

Lloyd 1999Schmid 1994, Schuepp al. 1990). The criteria for tower placement should not only be
concerned with the summer, productive periods, but also the seasonal transitional periods (spring and
fall), and winter monthsvhen respiration process often dominate.

Micro-topography requires visual inspection. Long wave forms and standing waves are common place
over short stature ecosystems small < 10 m topographic relief and high (mechanical turbulent) winds
occur(tundra, grasslands, alpine ecosystem®reliminary data collection may be useful to determine if
micro-topographic features affect the local microclimate and flow regimes.

The tower needs to be high enough to place the sensors well above the surrounding chnbpot so
high that the footprint during stable nighime conditions extends beyond the boundary of the
ecosystem type of interest.

Other constraints are placed on our ability to locate and position a tower besides available footprint and
flow regimes. At some locations, there is a large sensitivity towards viewing the tower above the canopy
from houses, scenic over views, or within an urban area. This public concern is particularly prevalent in
State and National Parks. A second constraint i@theunt of land available for construction. Lastly,

there are often nearby land uses or ecosystem types that can contribute undesirable information
(fluxes, meteorology) to the tower based measurements. For example, different grazing patterns in a
nearbyfield, large wetlands in the center of the desired footprint, roads that cause line sources of dust
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or hydrocarbons, or clearcuts that generate conflicting thmeal circulations (Loeschet al. 2004). All
these issues have to be balanced to achievesttientific requirements.

Windroses were @nstructed on a seasonal basis whdjehefirst estimation is the maximum and
average seasonal windspeed¥the season fractional wind directionandiii) isthe resultant wind
direction.

Winds are dominanfrom the NNW to the SSVibr all windrose periodgrigure41), and supported by

the quadrate analyses (TaBbl&5) with anannual resultant wind vector of 2658 Because winds from

the east ardnfrequentand low velocities, the toweshouldbe on the eat side of thewind

measurement booms. Because the winds are evenly distributédduoency from the N, W and S

(Table 4), tomaximizethe data coverage, the boom should be faciogard the West, 270, close to the
annual resultant vectorBecause i) there is ample room within the property boundary, ii) the dominant
soil type extends towards the west of the tower location, and iii) it is possible to place the soil array
within the airshed, the soil array should extend also towait@® vector.

The desired measurements are frarastern deciduous mixed foregfith the dominant soil association
beingBecketSkerry, 3 to 15slopes, extremely ston§86 % spatially dominant)Table5. Based on maps
provided by Harvard Forest, there does neem to be any limit on the source area based on property
boundaries.Because flows through the tower have to be examined and potentially removed from the
dataset, placing the leeward side of the tower closest toghstoptimizes flows over the sourceea

from the west. To maximize the fetch (source area) from3hein all seasonghe tower Iaation

should be placed in the E area of this foreBecause winds from tHé¢W to SWoccur duringall seasons

and the results from the footprint analyses (Higs42-47) indicate 80% of the cumulative flux igithin

700 m under the most extreme conditions (winter, stable atmosphere, high winds), and as small as 60 m
in summer (strongly convective, unstable atmospheres).

3.4.7 Site design and tower attributes

Basedon the information above, site design and layout are described befsweording to wind roses,
the prevailing wind direction blowsdm northwest to south west (19Go 335, clockwise from 199
throughout the year. Tower should be placed to a locatiobést catch the signals from the airshed of
the ecosystem in interestvhich iseastern deciduous mixedn@ple-oak-pine-sprucehemolck)forest.
The tower sitds42.5369,-72.17266 The NEON tower is approximately 18 m east of the walkup
platform; however, Bill Munger said that the walkup platform tower will be removed.

Eddy covariance, sonic wind and air temperatoioem armsorientation toward thewestwill be best to
capture signals from all major wind directiof&diation boom armshould alwgs be facing south to

avoid any shadowing effects from the tower structure. idgtrument hut should be outside the

prevailing wind airshed to avoid disturbance in the measurements of wind and should be positioned to
have the longer side parallel to fregat wind direction to minimize the wind effects on instrument huts
and to minimize the disturbances of wind regime by instrument hut, and in this case, instrument hut
should be positioned on theoutheastside of tower and have the longer side paralleBw/ direction.
Because this is a closed canopy ecosystem, the distance between the tower and the instrument hut can
be reduced to ~ 15 nT herefore, we require the placement of instrument hu4&.53683-72.17251
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Canopy height is ~2@ around tower si¢ with lowest branches ajround levelOak and otherstree
specieform upperunderstorywith height~ 16 m Seedlings and sapling of maple, hemlock and other
species forms the lower understory with mean height ~ 5 m. Gradsiew seedling form the
undergory at ground level with height 1m. We require Gneasurement layer®n the tower with top
measurement heilgt at 36m, and rest layers ar2d m, 23m, 16 m, 5 m and 018, respectively, to best
characterize the fluxes on the tower top and environmentaiditions in profile This differs from what

was budgeted (7 layers).

DFIR(Double Fenced International Refereneel be usedor bulk precipitation collectionWe had
difficulty to find adequate open area to meet USCRN class 1 and datsia forDFIR within 500 m
radius from tower. The best and closest open area we can fiod ke south west side of tower and
~1.4 km away from tower, which mext to existing Harvard Forest weather stati@uoordinates are
42.53308;:72.18986 Power is available at sitg/et deposition collectomwill collocate at the top of the
tower. See AD 04 for further information and requirements for bulk precipitation collection and wet

deposition collection.

The site layout is summarized in the tabledyel Assume the projected area of the tower is square.
Anemometer/temperature boom arm directioris from the towertoward the prevailing wind direction
or designated orientationinstrument hut orientation vectoris parallel to the long side of the
instrument hut. Instrument hut distance 1s the distance from the center of tower projection to the
center of the instrument hut projection on the ground. The numbering ofrtteasurement levelss
that the lowest is level one, and each subsequent increaseighhi&s numbered sequentially, in this
case, level 6 being the upper most level at this tower site.

Table7. Site design and tower attributes felarvard Foresfdvanced site.

0° is true north with declination accounted forColor of Instrument hut exterior shall be tan to best

match the surrounding environment.

Attribute lat

long degree meters

notes

Airshedarea

M X
00pX

Clockwise frorm ¢ n

Tower location 42.53690

-72.17266 -- --

new site

Instrument hut 42.53683

-72.17251

Instrument hut orientation -

vector

Instrument hut distance z -

Anemometer/Temperature --
boom orientation

DFIR 42.53308,

-72.18986

Height of the measurement
levels

Level 1
Level 2
Level 3

0.3
5.0
16.0
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Level 4 23.0 m.a.g.l.

Level 5 29.0 m.a.g.l.

Level 6 38.0 m.a.g.l.

Tower Height 38.0 m.a.g.l.
See AM3 for technical requirement to determine the boom height for the bottom most measurement
level.

Soil array

a
Soil Pit 3: 42.53783, -72:17230
o
% Existing Eddy Flux tower

Existingwalk=up tower 42.5|3688, -72°17:288

Instrument Hut:142.53683, -72:17251

Soil Pit 1: 42.535626, -72.175605 O
‘ Existing/soil warming hut:~42.535352, -72:175043

O Soil'Piti2:742.535152, -72.175615

Image MassG IS, Commonweaith of Massachusetts EOEA\

©2010/Google ¥/ :‘ ¥ 0()0()8[6

Imagery Date: Mar 31, 2005 lat 42 v536603‘ lon -72.173935 elev 1164 1t ” Eye alt. 2952 ft
Figure48. Site layout foHarvard Foresf\dvanced tower site.
Figure 48 above shows the proposed tower location, instrument hut location, airshed area and access
road.

i) Tower location is presented (red pin), i) red lines indicate the airshed boundaries. V&8@Bro

335 (clockwise froml90x) are the airshedareathat would have quality wind data without causing flow
distortions, respectively. iii) Yellow line is the suggested access road to instrument hut.

Pages20f 133



o . - . Author.
n e ;.) n Title: FIU DO1 Site CharacterizatioBupporting Data | | Ayres/Loescher Date09/23/2011

NEON Doc.:#NEON.DOC.011041 Revision: C

NATIONAL ECOLOGICAL OBSERVATORY NETWORK

-GOOogle
Figure49. DFIR location atlarvard ForesAdvanced tower site. L
Purple pin indicates the DFIétation, which is close to Harvard Forest buildings~ 1.4 km away from
tower location

: 2 s
L_—_J—_L—._J_.—‘ ith of Massachusetts EOEA

Boardwalksb 'fGAYEFGStesr GKS RSOAaA2yYy G2 dzasS | o621 NRgl
There are strong science requirements that minimize disturbance to the surrounding area, which
will be difficult to manage over a 3pperiod. Traffic control is key to minimizing the site disturbance.
Confining foot traffic to boardwalks minimizes site impact; this is particularly true in places whkare
caused by foot traffic becomes noticeable and grows. For example, in places with snow part of the year,
worn footpaths tend to have low places that collect water, or places where the snow pack becomes
uneven causing personnel to walk farther andtiar around the sides of the original path, causing the
path to grow in width. This is a very common phenomenon. Hdté assumes that all conduits will be
either buried, or placed inside the boardwalk such that it does not extend beyond €384 m).
wide footprint. The boardwalk to access the tower is not on any side that has a boom.
Specific Boardwalks &tarvard Foressite

o Boardwalk is from the access dirt road to instrument hut, pending landowner decision

. Boardwalk from the instrumertiut to the tower to intersect on north face of the tower

. Boardwalk to the soil array, except where it crosses the forest.road

o No boardwalk from the soil array boardwalk to the individual soil plots

. No boardwalk needed at DFIR site

The relative locationbetween tower, instrument hut and boardwalk can be found in the Figure below:
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North

Option 1, anemometer boom facing (generic) West @

/ ower entrance
AT
IR

Anemometer boom, 4 m

>
Instrument Hut D O
s

Figure50 Generic diagram to demonstration the relationship between tower and instrument hut when
boom facing west and instrument hut on the east towards the tawer

This is jist a generic diagramThe actualayout of boardwalk(or path if no boardwalk requiredind
instrument hut positiorwill be thejoint responsibility of FCC afdU At Harvard Forest Advancesite,
the boom angle will be 270 degrees, instrument hut Wwél on the southeast towards the tower, the
distance between instrument hut and tower is ~15Tie instrument hut vector will be-E 6 gpm x X
longwise)

3.4.8 Information for ecosystem productivity plots

The tower at Harvard Forest Advanced site has been positioned to optimize the collection of the
air/wind signals both temporally and spatially over the desired ecosystem (Northern hardwood forest).
Major arshed area at this site are from 19@ 335 (clockwise from190x), and 90% signals for flux
measurements ardn a distance of 700 m from tower, and 80% within 500 m. We suggest FSU
Ecosystem Productivity plots be placed within the boundarie§9ff to 335> (clockwise from190x)

from tower.

3.5 Issuesand attentions

The DFIR site we picked is in an existing open area, which is the closest clearing to our tower location
that we could find 1370 m awayrom tower). This open area is currently use Hgrvard Foresas a
weather station, but it does not ¢tently include a DFIR.
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4 BARTLETT EXPERIMENFAREST, RELOCATEABMWEER 1
4.1 Site description

NEON candidatRelocatablesite

(nn ®nc-omPu Jis located inside th
Bartlett Experimental ForesfThe Bartlett
Experimental Forest (BEF) is a field
laboratory for research on the ecology and
management of northern hardwoods and
associated ecosystem&esearch on the
Bartlett includes:

1. extensive investigations on structure a
dynamics of foreststaseveral levels, and
developing management alternatives to
reflect an array of values and benefits
sought by users of forest lands,

2. a better understanding of ecological : :
relationships between wildlife habitats and forest management at various Ieveh;im to integrate

wildlife habitat maintenance and improvement with other forest management goals, and

3. preservation of undisturbed areas in the Northeast to study natural succession and anthropogenic
impacts.

The BRrtlett Experimental Foress within the Saco Ranger District of the White Mountain National

Forest in New Hampshirdt is managed by RWWL55 of the Northern Research StatioResearch

activities began at th&artlett Experimental Foresthen it was established in 1931 and is 2,600 siine

size but will likely double in area with the forest plan revision that is being writfiéreBartlett

Experimental Foresixtends from the village of Bartlett in the Saco River valley at 680 ft to about 3,000
ft at its upper reachesAspects acrosthe forest are primarily north and east. This particular site was
chosen because it represented conditions (soils, elevation, climate, tree species composition) typical of
many forested areas throughoupperNew England and northern New York.

The White Mbuntain National Forest, including the BEF, was purchased under the Weeks Act ofr1911.
the late 19th century, the area was selectively logged for high value species, first eastern white pine and
red spruce and later sugar maple and yellow bircbggng railroads were laid and hardwood stands

were clearcut for locomotive fuelThe lower third of the BEF was logged and some portions cleared for
pasture. Upper portions were progressively less impacted with increasing elevation. Although fires are
relatively rare, the 1938 hurricane did widespread damalegh grading resulted in more American

beech, so when the beech scalectria complex, or beech bark disease, arrived in the 1940s it caused
substantial damage and continues to influence stand dynanfiosice storm in 1998 was the most

recent widespread natural disturbance, impacting mostly higher elevation staddsasional wind

storms are common disturbances, but of relatively small scale.

The climate in the Bartlett area, where elevation ranfyesn 680 feet (210 m) to 3,000 feet (915 m) at
the summit of the Upper Haystack, includes warm summers and cold wiridengng the summer,
daytime temperatures sometimes run into the low 90%(30'SC); winters are rigorous with
temperatures ofterreaching-30° F ¢35°C). Individual snowstorms often deposit more than 2 feet (60
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cm) of new snow, and snow accumulates to depths of 5 to 6 feet (150 to 180famdage annual
precipitation at Bartlett is 50 inches (127 cm), distributed throughout s ySevere winters limit

most field work at the Experimental Forest to the period between May through November, although
some wildlife studies (raptors and fbearers) continue

The original coordinates (44.064641.28808) are the site of an existitiyver. The NEON tower site

0 nn ®n ea aybyx B appoximately 100 m SE of the existing tower. This site was chosen to allow
space for the soil array without having to cross the nearby road and to reduce the impact of the road
(which was recently wiehed) on the flux measurements.

4.2 Ecosystem

There are areas of olgrowth northern hardwoods with beech, yellow birch, sugar maple, and eastern
hemlock(Tsuga canadengibeing the dominant specied€venaged stands of red maplécer rubrj,
paper birch(Betula papyrifera), and asperfPopulus temuloides, Pccidentali occupy sites that were
once cleared.Red sprucéPicea ruleng stands cover the highest slopeBastern white pinéPinus
strobug is confined to the lowest elevations.

The native woody plants of the Bartlett Experimental Forest total 65 species in 43 genera and 21 plant
families. Five families contain 36 species, more than half the tdtad largest families afRosaceae

with 6 genera and 11 specidRinaceaeand Caprfoliaceae each with 5 genera and 6 species;
Betulaceaewith 4 genera and 7 species; aRdcaceaavith 4 genera and 6 specie$hirteen families

are represented by a single genus of woody plants, and 8 of these families by a single Spfexies.
largestgenera of woody plants ar&cer, BetulaandRubus with 4 species each, ar®hlixand Prunus

with 3 each.Only 4 varieties have been distinguished. Two herbaceous species of woody genera are
found here but not included in the totalThey areAralia ra@mosa(spikenard) andCornus canadensis
(bunchberry).

Three introduced species add 2 genera -
and 1 family Berberidaceagto the 1798 4y
. . : <0
totals. These arePinus sylvestris X '
(Scotch pine)Malus pumila(apple),
andBerberis thunbergiiJapanese o
barberry). All are rare on the Forest.
The first two are planted trees; the lagh
was probably introduced by seed
brought in by birds.

Nearly all of the Bartlett Experimenta
Forest is now covered by high forest.
The primary forest cover type is the
sugar maplebeechyellow birch type.
The upper elevations support stands &%
spruce and fir.Softwoods such as [
hemlock, balsam fir, and spruce are &=
commonly mixed with hardwoods, &
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especially on cool steep slopes or on the poorly drained soils at lower elevations. Althougipinhite

occurs mostly in stands at lower elevations, scattered specimens can be found over a large part of the
Forest. Because of its northeasterly aspect, the Forest does not contain any extensive stands of oak.
However, oak types are fairly common neadsysoutherly and westerly slopes.

Because this upland area has no permanent rivers or lakes and no peat bogs, woody plants of those wet
sites are lackingAlso, this mountainous area in the White Mountains has a relatively colder climate

than nearby aras along the Atlantic coast. Thus some southern species are absent here even though
they extend farther north near sea levehlso, the mountains on the Experimental Forest are not high
enough for a timberline, so the dwarf shrubs of the subalpine andh@lpones are absent.

Several species apparently are the northernmost or hardiest representatives of their genus or family in
northeastern North America or in the northern hardwood or eastern deciduous foréstsexample,
there is only 1 native speae=ach ofQuercus, Ulmus, CretaegasdTilia Certain tree genera of the

eastern United States are absent, not ranging so far north, at least in the these mourithese
includeCarya, Castanea, Celtis, Morus, Liriodendron, Magnolia, Sastadpaisambar, Platanus,
Robinia, AesculusindNyssa No range extensions or unusual records were found on the Bartlett

Experimental Forest.

Canopy area density was estimated to be ~ 4.6 in summer and m“@? in winter seasor{Sierraet.
al, 2009. More vegetation and land cover information are presented below:

318000 320000 322000

316000 318000 322000

4883000

4879000 4880000 4881000 4882000

4878000

4877000

Domain 1- Bartlett Experimental Forest

NEON Relocatable

#  NEON Candidate Relocatable
D Bartlett Boundary
:] Agriculture-Cultivated Crops and Irrigated Agriculture
:] Agriculture-Pasture and Hay
- Alpine-Subalpine Barrens
- Atlantic Swamp Forests
[ Barren
- Chestnut Oak-Virginia Pine Forest and Woodland
- Developed-High Intensity
- Developed-Low Intensity
- Developed-Medium Intensity
- Developed-Open Space
- Eastern Floodplain Forests
- Eastern Small Stream Riparian Forests
- Inland Marshes and Prairies
- Open Water
I:l Peatland Forests

- Pine-Hemlock-Hardwood Forest

|:| Pitch Pine Woodlands

:] Red Pine-White Pine Forest and Woodland
- Ruderal Forest

- Spruce-Fir-Hardwood Forest

- Transitional Herbacous Vegetation

ﬁ Yellow Birch-Sugar Maple Forest

Figure51 Vegetative cover map of Bartlett Experimental Forest and surrounding areas
(information is from USGS8ttp://landfire.cr.usgs.gov/viewer/viewer.hth

Table8. Land cover information at Bartlett Experimental Forest site
(information is from USGS8ttp://landfire.cr.usgs.gov/viewer/viewer.hth

| Lard cover types

| Area(km?) | Percentage]
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Atlantic Swamp Forests 77103.94 7.71
Inland Marshes and Prairies 11965.40 1.20
Peatland Forests 2700.00 0.27
PineHemlockHardwood Forest 52051.39 5.21
Red PinéWhite Pine Forest and Woodland 9065.56 0.91
RuderalForest 72866.65 7.29
SpruceFirHardwood Forest 29002.96 2.90
Yellow BirckSugar Maple Forest 745218.09 74.52
Total 999973.98 100.00

Therepresentativeecosystemthat NEON design is focused around for this relocatable site is eastern
deciduous/mixed secondary forest typically found in Northeastern US but below the boreal ecotone.

Canopy height is ~23 m around tower site with lowest branchega@ind levelMaple and beech form
upper understory, which varies from 14 to 16 m in height. Seedlings and sapling of maple, hemlock and
beech forms the lower understory with mean height ~ 4 m. Grass and other short vegetation form the
understory at ground level with lght ~ 0.2 m.

Table9. Ecosystenand siteattributes for the Bartlett Experiment ForedfRelocatablesite.

Ecosystem attributes Measure and units

Mean canopy height 23m
Qirface roughness 1.5m
Zero place displacement height 195m
Structuralelements Closedcanopy, uniform, homogeneou
Time zone Eastern time
Magnetic declination 15° 35' W changing by 0° 4y&ar®

Note, ®From field survey.

4.3 Soils

43.1 Description of soils

Soil data and soil maps (Figaré§ below forHarvard Forest Advanceadwer site were collectedrom 1
km? NRCS soil mayisttp://websoilsurvey.nrcs.usda.gov/app/HomePage.Dirwhich centered at the
tower location, to déermine the dominant soil types in tharger tower foot print. This was done to

assure that the soil array is in the dominant (or in thedominant) soil type present in the tower
footprint.
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Figure52. 1 km?soil map forBartlett Experimental Forest relocatable sitenter at tower loction,
north is top of map

Soil Map Units Description:

The map units delineated on the detailed soil maps in a soil survey represent the soils or miscellaneous
areas in the survey ared.he map unit descriptions in this report, along with the maps,bmosed to
determine the composition and properties of a unthemap unit delineation on a soil map represents

an area dominated by one or more major kinds of soil or miscellaneous ate@sp unit is identified

and named according to the taxonomiassification of the dominant soildVithin a taxonomic class

there are precisely defined limits for the properties of the sols the landscape, however, the soils

are natural phenomena, and they have the characteristic variability of all natural piesmen Thus, the

range of some observed properties may extend beyond the limits defined for a taxonomicAlass.

of soils of a single taxonomic class rarely, if ever, can be mapped without including areas of other
taxonomic classesConsequently, ewg map unit is made up of the soils or miscellaneous areas for

which it is named and some minor components that belong to taxonomic classes other than those of the
major soils.

Most minor soils have properties similar to those of the dominant soil os 8othe map unit, and thus
they do not affect use and managementhese are called necontrasting, or similar, components.
They may or may not be mentioned in a particular map unit descript@iher minor components,
however, have properties and beViaral characteristics divergent enough to affect use or to require
different management.These are called contrasting, or dissimilar, componeftsey generally are in
small areas and could not be mapped separately because of the scale used. Sonagesmalf strongly
contrasting soils or miscellaneous areas are identified by a special symbol on thelfrapsided in
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the database for a given area, the contrasting minor components are identified in the map unit
descriptions along with some charadtgics of each A few areas of minor components may not have
been observed, and consequently they are not mentioned in the descriptions, especially where the
pattern was so complex that it was impractical to make enough observations to identify allitharsd
miscellaneous areas on the landscape.

The presence of minor components in a map unit in no way diminishes the usefulness or accuracy of the
data. The objective of mapping is not to delineate pure taxonomic classes but rather to separate the
landscape into landforms or landform segments that have similar use and management requirements.
The delineation of such segments on the map provides suffiagidortmation for the development of

resource planslf intensive use of small areas is planned, however, onsite investigation is needed to
define and locate the soils and miscellaneous areas.

An identifying symbol precedes the map unit name in the mmaip descriptions.Each description

includes general facts about the unit and gives important soil properties and qualities.

Soils that have profiles that are almost alike make gpibseries All the soils of a series have major
horizons that are sirfar in composition, thickness, and arrangeme8obils of a given series can differ in
texture of the surface layer, slope, stoniness, salinity, degree of erosion, and other characteristics that
affect their use.On the basis of such differences, a seiies is divided intgoil phasesMost of the

areas shown on the detailed soil maps are phases of soil sfiiesname of a soil phase commonly
indicates a feature that affects use or managemerbr example, Alpha silt loam, 0 to 2 percent slopes,
isa phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous drease map units are
complexes, associations, or undifferentiated groups.

A complexconsists of two or more soils or miscellaneous areas in sudtitrgcate pattern or in such

small areas that they cannot be shown separately on the mapsg. pattern and proportion of the soils

or miscellaneous areas are somewhat similar in all arégghaBeta complex, 0 to 6 percent slopes, is

an example.

Anassciationis made up of two or more geographically associated soils or miscellaneous areas that are
shown as one unit on the map8ecause of present or anticipated uses of the map units in the survey
area, it was not considered practical or necessary &p e soils or miscellaneous areas separately.

The pattern and relative proportion of the soils or miscellaneous areas are somewhat similar. Alpha
Beta association, 0 to 2 percent slopes, is an example.

Anundifferentiated groups made up of two or moreoils or miscellaneous areas that could be mapped
individually but are mapped as one unit because similar interpretations can be made for use and
management.The pattern and proportion of the soils or miscellaneous areas in a mapped area are not
uniform. An area can be made up of only one of the major soils or miscellaneous areas, or it can be
made up of all of themAlpha and Beta soils, 0 to 2 percent slopes, is an example.

Some surveys includaiscellaneous areasuch areas have little or no swiiterial and support little or

no vegetation. Rock outcrop is an exampkalditional information about the map units described in this
report is available in other soil reports, which give properties of the soils and the limitations, capabilities,
and poentials for many usesAlso, the narratives that accompany the soil reports define some of the
properties included in the map unit descriptions.
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Table10. Soil series and percentage of soil series within 1dentered on the towerBartlett
ExperimentalForest.

Carroll County Area, New Hampshire (NH603)

Map Unit Map Unit Name Acresin  Percent of

Symbol AOI AOI

701C BecketSkerry fine sandy loams association, sloping, very stony 21.6 3.6%

780E LymanBerkshire fine sandy loams association, steep, very rocky 0.0 0.0%

781C Peru fine sandy loam association, sloping, very stony 14.5 2.4%

806E CanaarRedstone gravelly fine sandy loams association, steep, vei24.0 4.0%
rocky

821C Marlow-Peru fine sandy loams association, sloping, very stony  81.5 13.5%

Subtotals for Soil Survey Area 141.5 23.5%

Totals for Area of Interest 602.3 100.0%

Carroll County Area, New Hampshire70l8ecketSkerry fine sandy loams associaticgipping,very
stony Map Unit SettingElevation:390 to 3,800 feeMean annual precipitatior39 to 50 inchedlean
annual air temperature37to 46 degreeg-rostfree period90 to 160 dayslap Unit Composition
Becket and similar soilSO percentSkerry and similar soil80 percentDescription of BeckeEetting
Landform:HillslopesParent materialBasal mekout till derived from granite and gneissd/or basal
melt-out till derived from schisProperties and qualitieSSlope:3 to 15 percenSurfice area covered
with cobbles, stones or bouldeds6 percentDepth to restrictive featuréMore than 80 inche®rainage
classWell drainedCapacity of the most limiting layer to transmit wafitsat):Moderately low to
moderately high (0.06 to 0.60 infhDepth to water tableAbout 24 to 42 incheBrequency of flooding:
NoneFrequency of pondingdoneAvailable water capacity:ow (about 4.5 inchedterpretive groups
Land capability (noirrigated):6sTypical profile0 to 18 inchesFine sandy loarh8 to 24 inches:
Gravelly fine sandy loa2¥ to 42 inchedGravelly loamy sanDescription of SkerryProperties and
gualities Slope0 to 15 percenSurface area covered with cobbles, stones or boul@épercentDepth
to restrictive featureMore than80 inchedrainage clasdvloderately well drainedCapacity of the most
limiting layer to transmit wate{Ksat):Moderately low to moderately high (0.06 to 0.60 in/@gpth to
water table:About 12 to 30 incheBrequency of floodindgdoneFrequency of poridg: NoneAvailable
water capacitylow (about 4.6 inchesterpretive groupsLand capability (noirrigated): 6s Typical
profile 0 to 19 inchesFine sandy load® to 23 inchesGravelly fine sandy loa23 to 45 inchesGravelly
loamy sand

Carroll CountyArea, New Hampshire808ECanaanRedstone gravelly fine sandy loanassociation,
steep, very rockyMap Unit SettingElevation:390 to 3,800 feeMean annual precipitation39 to 50
inchesMean annual air temperature37 to 46 degreefrostfree period90 to 160 daydMap Unit
CompositionCanaan and similar soils0 percentRedstone and similar soiR0 percentDescription of
CanaarSettingLandform:HillslopesParent materialTill Properties and qualitieSlopel5 to 35
percentSurface area covered witlolables, stones or boulderk:6 percentDepth to restrictive feature:
10 to 20 inches to lithic bedrodbrainage classSomewhat excessively drain€apacity of the most
limiting layer to transmit water (Ksat)/ery lowto low (0.00 to 0.01 in/hrpepth towater table:More
than 80 inche$requency of floodingdoneFrequency of pondingNoneAvailable water capacityery
low (about 1.6 inchedhnterpretive groupsLand capability (noirrigated): 7sTypical profile0 to 17
inchesVery gravelly fine sandgaml7 to 21 inchedJnweathered bedrocbescription of Redstone
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Setting_andform:HillslopesParent materialTill Properties and qualitieSlope:l5 to 35 percenBurface
area covered with cobbles, stones or bouldéms:percentDepth to restrictive featurévlore than 80
inchesDrainage classSomewhat excessively drain€apacity of the most limiting layer to transmit
water (Ksat)High (2.00to 6.00 in/hripepth to water tableMore than 80 inche&requency of flooding:
NoneFreaiency of pondingNoneAvailable water capacity:ow (about 3.1 incheshterpretive groups
Land capability (noirrigated):6sTypical profile0 to 5 inchesFine sandy loato 17 inchesGravelly
fine sandy loarh7 to 60 inchesVery gravelly sand

Caroll County Area, New Hampshire82t Blarlow-Peru fine sandy loams association, slopingry
stony Map Unit SettingElevation:390 to 3,800 feeMean annual precipitatior39 to 50 inched/lean
annual air temperature37 to 46 degree&rostfree period90 to 160 daydvap Unit Composition
Marlow and similar soil$50 percentPeru and similar soil80 percentDescription of MarlowSetting
Landform:HillslopesParent materialBasal lodgement till derived from granite and gneisd/or basal
lodgement tillderived from schisProperties and qualitiesSlope0 to 15 percenSurface area covered
with cobbles, stones or bouldeds6 percentDepth to restrictive featuréMore than 80 inche®rainage
classWell drainedCapacity of the most limiting layer to tramit water(Ksat)Moderately low to
moderately high (0.06 to 0.60 in/hPepth to water tableAbout 24 to 42 incheBrequency of flooding:
NoneFrequency of pondingdoneAvailable water capacity:ow (about 4.8 inchesterpretive groups
Land capabilit (nonirrigated):6sTypical profile0 to 6 inchesFine sandy loar to 20 inchesGravelly
fine sandy loan20 to 42 inchesFine sandy loar@escription of PeriBettingLandform:Hillslopes
Parent materialTill Properties and qualitiesSlope0 to 15percentSurface area covered with cobbles,
stones or boulderd:.6 percenDepth to restrictive featuréviore than 80 inche®rainage class:
Moderately well drainedCapacity of the most limiting layer to transmit watisat):Moderately low to
moderately gh (0.06 to 0.60 in/hrpepth to water tableAbout 12 to 30 incheBrequency of flooding:
NoneFrequency of pondingdoneAvailable water capacityoderate (about 6.7 inchedhterpretive
groupsLand capability (noirrigated): 6s Typical profile0 to 18 inchesFine sandy loar8 to 24 inches:
Gravelly sandy loari4 to 50 inchesGravelly fine sandy loam

Carroll County Area, New Hampshire781@eru fine sandy loam association, sloping, very stovigp
Unit SettingElevation:390 to 3,800 feeMean annual precipitatior39 to 50 inche#lean annual air
temperature:37 to 46 degree&rostfree period90 to 160 daydlap Unit CompositiorPeru and similar
soils:70 percentDescription of PeruSettingLandform:HillslopesParent material Till Properties and
gualities Slope0 to 15 percenSurface area covered with cobbles, stones or bouldépercentDepth
to restrictive featureMore than 80 inche®rainage clasdvloderately well drainedCapacity of the most
limiting layer to transmit wagr (Ksat):Moderately low to moderately high (0.06 to 0.60 in/Bgpth to
water table:About 12 to 30 incheBrequency of floodindgdoneFrequency of pondingdoneAvailable
water capacityModerate (about 6.7 inchesiterpretive groupsLand capability (on-irrigated): 6s
Typical profile0 to 18 incheskine sandy loari8 to 24 inchesGravelly sandy loag4 to 50 inches:
Gravelly fine sandy loam

4.3.2 Soil semivariogram description
The goal of thisispect of thesite characterization is to determine the minim distance between the

soil plots in the soil arraguchthat data farther aparcan be considered spatially independent. The
collectedfield datawill be usedo producesemivariograms, which is a geostatistical technique to
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characterizespatial autocorelation between mapped samples of a quantitative variable, {soil
property datain our case).In an empiricalsemiariogram, the averagef the squared differencsof a
responsevariableis computed fomll pairs of pointsvithin specifieddistance intervals (lag classe3he
output is presented graphically as a plot of the average sariance versus distance class (FigaBe
For the theoretical variogram models considered here, the gari@nce will converge otie total
variance atistances for which values are no longer spatially auttoelated (this is referred to as the
range, Figur®3).

For the theoretical variograms considered hetteee parameters estimated from thaata are used to

fit a semivariogram model to the empial semivariogram. This model is then assumed to quantitatively
represent the correlation as a function of distar(€égure52), the range, the sill (the sill is the

asymptotic value of semiariance at the range), and the nugget (which describes samgiling or

variation at distances below those separating the closest pairs of samples)range, sill and nugget

are estimated from theoretical models thatrefitted to the empirical variograms using ndinear least
squares methods.

The variogram anadys will be used, to determine the spatial scales at which we can consider soil
measurements spatially independent. This characterization will directly inforrmthismumdistance
betweeni) soil ploswithin each soil arrayii) the soil profile measureants,iii) EP plots, ani) the
microbial samplindgocations These data will directly inform NEON construction and site design
activities.

T(5.5)
Partial !
Sill ;
|
| Range E
Mucgel { - ')
Distance

Figure53. Example semivariogram, depicting range, sill, and nugget.
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Figure54. Spatially cyclic sampling design for the measurements of soil temperature and soil water
content.

Field measurements of soil temperaturel@ cm) and moisture (@5 cm) were taken o6 July 201@t

the Bartlett Experimental Foresite. The sampling pats followed the spatially cyclic sampling design
by BondLamberty et al(2006)(Figure54). Soil temperature and moisture measurements were
collectedalong three transectsle8m, 84 m, and 84 m) located in tlexpected airshed aBartlett.

Details of howthe airshed was determined are provided beldail temperature was measured with
platinum resistance temperature sensors (RTD 810, Omega Engineering Inc., StamfordsGil') and
moisture was measured wittime domain diaelectric sensors (CS616, Campbell Scientific Inc., Logan
uT)

As well as measuring soil temperature and moisture at each sample point in Blguneasurements

were also taken 30 cm in front and behind the sampling point along the axis ofafreett. For

example, at the 2 m sampling point, soil temperature and moisture was measured at 1.7 m, 2 m, and 2.3
m; this data is referred to as mobile data, since the measurements were taken at many different
locations. In addition, soil temperature ancbiature were continuously recorded at a single fixed

location (stationary data) throughout the sampling time to correct for changes in temperature and
moisture throughout the day.

Data collected were used for geospatial analyses of variograms in thédRhcomputing language

with the geoR package to test for spatial autocorrelaiidrangmaret al. 1986; Webster & Oliver 1989;
Goovaerts 1997; Ribedr& Diggle 2001and estimate the distance necessary for independence among
soil plots in the soil arrayo correct for changes in temperature and moisture over the sampling period,
the stationary data was subtracted from the mobile data. In many instances a time of day trend was still
apparent in the data even after subtracting the stationary data fromrtimbile data. This time of day

trend was corrected for by fitting a linear regression and using the residuals for the semivariogram
analysis. Soil temperature and moisture data, R code, graphs, and R output can be found at:
PAFIUFIU_Site_CharacterizatiddXXYYYYY Y&haracterizatior5oil Measuremenisoil Data Analysis
(where XX = domain number and YYYYYYY = site name).
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4.3.3 Results and interpretation

4.3.3.1 Soil Temperature

Soil temperature data residuals, after accounting for changes in temperature in the stationary data and
any remaining time of day trend, were used for the semivariogram analysis (Bl§uiéxploratory data
analysis plots show that thergas no distincpatterning of the residual@igures5, left graphs) and
directional semivariogramdo not show anisotropyFigure56, center graph). Arsotropic empirical
semivariogram was produced and a sphericatiglavas fitted using Cressie weights (Figseright

graph). The model indicates a distance of effective independend®@ i for soil temperature.
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Figure55. Bartlett semi variogramseft graph: mobile (circles) and stationary (line) soil temperature

data.

Center graph: temperature data after cortawy for changes in temperature in the stationary data

(circles) and a linear regression based on time of day (line). Right graph: residual temperature data after

correcting for changes temperature in the stationary data and the time of day regressi@iribe
right graph were used for the semivariogram analysis.
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Figure56. Bartlett semi variogramseft graphs: exploratory data analysis plots for residuals of
temperature.

Center graph: directional semivariograms for residuals of temperatRight graph: empirical
semivariogram (circles) and model (line) fit to residuals of temperature.

4.3.3.2 Soil water content

Soil water content data residuals, after accounting for changes in water content in the stationary data
and any remaining time of day trenglere used for the semivariogram analysis (Fidife Exploratory
data analysis plots show that theveas no distinct patterningf the residuals (Figurg?, left graph) and
directionalsemivariograms do not show anisotroffyigure58, center graph)Anisotropic empirical
semivariogram was produced and a spherical modsd fitted using Cressie weights (Figg8e right
graph).The model indicates a distance of effective independendS8on for soil water content.
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Center graph: water content data after correcting for changes in water content in the stationary data
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Figure57. Bartlett semi variogram, eft graph: mobile (circles) and stationary (line) soil water content

210 215

(circles) and a linear regression based on time of day (IRt grap: residual water content data
after correcting for changes water content in the stationary data and the time of day regre$ata.in
the right graph were used for the semivariogram analysis.
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Figure58. Bartlett semi variogramseft graphs: explmatory data analysis plots for residuals of soil water
content.

Center graph: directional semivariograms for residuals of water content. Right graph: empirical
semivariogram (circles) and model (line) fit to residuals of water content.

4.3.3.3 Soil array layoutand soil pit location

The minimum distance allowable between soil plots is 25 m to ensure a degree of spatial independence
in nonmeasured soil parameters (i.e., other than temperature and water content) and the maximum
distance allowable between soil pois 40 m due to cost constraints. The estimated distance of
effective independence wa#0 m for soil temperature ané8 m for soil moisture. Based on these
results and the site design guidelines the soil plotBatlett shall be placed 40 m apart. Thailsarray
shall follow the linear soil array design (Soil Array Pattern B) with the soil plots being 5 m x 5 m. The
direction of the soil array shall ®#9(° from the soil plot nearest the tower (i.e., first sail plot). The
location of the first soil plot will be approximatedyt.06388°;71.28750° The exact location of each sail
plot will be chosen by an FIU team member during site construction to avaithgla soil plot at an
unrepresentative location (e.g., rock outcrop, drainage channel, large tree, etc). The FIU soil pit for
characterizing soil horizon depths, collecting soil for-sfiecific sensor calibration, and collecting soil
for the FIU soil ahive will be located a44.06512°;71.28813primary location)or 44.06507%, -
71.28750 (alternate location 1 if primary location is unsuitable) 44.06487, -71.28684 (alternate
location 2 if primary location is unsuitabled summary of the sditformation is shown in Tablkland

site layout can be seen in FigLs@.

Dominant soil series at the sitBlot availabl6rom NRCS (a nearby dominant soil, used here as a proxy,
is: Marlow-Peru fine sandy loams association, slopiragy stony. The taxmomy of this soil is shown
below:

Order. Spodosols

Suborder Orthods

Great group Haplorthods

Subgroup Oxyaquic HaplorthodsAquic Haplorthods
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Family. Coarsdoamy, isotic, frigid Oxyaquic HaplorthodSoarsdoamy, sotic, frigid Aquic

Haplorthods

Series Marlow-Peru fine sandy loams association, slopiregy stony

*The NRCS soil survey did not cover the tower and soil array site, therefore, this soil type is used here as

a proxy.

Tablell. Summary of soil array and soil pit informatiorBairtiett. 0° represents true north and

accounts for declination.

Soil depths will be determined during the soil pit excavation.

Soil plot dimensions 5mx5m
Soil array pattern B
Distance between soil plots: x 40 m
Distance from tower to closest soil plgt: 15m

Latitude and longitude of*1soil plot OR
direction from tower

44.06388,-71.28750

Direction of soil array

290

Latitude and longitude of FIU soil git

44.06512,-71.28813 (primary location)

Latitude and longitude of FIU soil pit 2

44.06502, -71.28750 (alternate 1)

Latitude and longitude of FIU soil pit 3

44.06487, -71.28684 (alternate 2)

Dominant soil type

Marlow-Peru fine sandy loams association, slopin
very stony

Expected soil depth

>2m

Depth to water table

0.30:1.07m’

Expecteddepth of soil horizons

Expected measurement depths

0-0.15 m Eine sandy loajn 0.07m
0.150.51 m Gravelly fine sandy loam 0.33m
0.51-1.07 m Fine sandy loain 0.79 m

*The NRCS soil survey did not cover the tower andag@ly site. Therefore, this soil type, which is

found nearby, is used here as a proxy.
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Imagery,Date: Jul{5+2008. lat 44:063844° lon - elev 1893 ft

4.4 Airshed

44.1 Seasonal windroses

Wind roses analytically determine and gragtiiig represent the frequencies of wind direction and wind

PAS LoF 2in 0
& "SO|I‘P|t3,‘ 44

X ¥ MW 5 Image USDAa Agencyl B N 5

Figure59. Site layout aBartlett showing soil arra ad location of the FIU so#.pit

Eyeialt '2992'ft

speed over a given timeses, Figuré9. The weather data used to generate the following wind roses
are from Bartlett Experimental Forest AmeriFlux tower, which is ~100 m from NEON towérsite.
orientation of the wind rose follows that of a compgassume declination appliedWhen we describe

the wind directions it should be noted that they are the cardinal direction that wind blows from. The

directions of the rose with the longest spokeow wind directions with the largest frequency. These

wind roses are subdivided into 24 cardinal directions.
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Data used here are hourly dateom 2004 to 2007. Data were level 2 data downloaded from AmeriFlux
website

ftp://cdiac.ornl.gov/pub/ameriflux/data/Level2/Sites_ByName/Baiti Experimental Forest/with _gaps

[ for Bartlett Experimental Forest It is assumed that the wind data was corrected for declination.
Panels (from Top to bottom), are from Jitar, AprJun, JuBept, and Oebec.

4.4.3 Resultant vectors

Table12. The resultant wind vectors froBartlett Exp Foresising hourly data fron2004 to 2007

Quarterly (seasonal) timeperiod Resultant vector % duration
January to March 284 26

April to June 261° 7

July to September 196° 19
October to December 242 14

Annual mean 245.8 na.

Tablel3. The percent duration of winds among cardinal directidertlett Exp. Forest.

3 frequency bins on each side of the cardinal directi@re used for this calculationData are from
Bartlett Exp. Forestising hourly data fron2004 to 2007 Blue text and underline indicates the
dominant, winds occurring for the cardinal direction >40% of the time.

Quarterly (seasonal) timeperiod Cardinal direction

North East South West
January to March 27 86 255 3%
April to June 25.7P 15.3 31.3 249
July to September 32.1° 12.# 40.2 26.3
October to December 22.5 13.9 30.2 337
444 Expected environmental controls on source area

Two types of models werommonlyused to determine the shape and extenttbé source area under
different and contrasting atmospheric stability classes. An inverted plume dispersion model with
modeled cross wind salions were used for convectivenditions (Horst and Weil 1994). For strongly
stable conditions, and Lagrangisolution was used (Kormann and Meixner 200M)e source area

models where bounded by the expected condisodepictthe extreme conditions. Convective

conditions typically have strong vertical mixing between the ecosystem and atmosphere (surface layer).
Stable conditions typically have loagurce area and associated waveforn@onvective turbulence is

often characterized by short mixing scales (scalar) and moderate daytimespéedsge.g.,1-4 m &.

Higher windspeeds, like those experienced ovke Rockies, are often the product of mechanical
turbulence with long waveforms. Because thermal stratification is very efficient in suppressing vertical
mixing, stable conditions also have typically very long waveforms.

As a general rule, shorter andskestucturally complex ecosystems hageod vertical mixing during all
atmospheric stabilities. Taller and more structurally complex ecosystems have well mixed upper
canopies during the daytime, and can be decoupled below the canopy under neutral atel sta

conditions(e.g., Harvard Forest, Bartlett Experimental Forest, and Burlington Conservation Ahea)
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type of turbulence (mechanical verse convective) and the physicébatits of the ecosystem control
the degree of mixing, and the length and sifehe source area.

Here,we usal a webbased footprint model to determine the footprint area under various conditions
(model info:http://www.geos.ed.ac.uk/abs/research/micromet/Edidts/). Winds usedo run the

model and generatéollowingmodel results arextracted fromthe wind rosesVegetation information,
temperature and energy information were either from the RFI document, previous site visit report,
available data files or besstimated from experienced experMeasurement height was determined
from the Tower Height Info document provided by ENG group, then varify according to the real
ecosystem structure after FIU site characterization at §t@s 1-3 and 46 represents tle expected
conditions forsummer and winter conditions, respectively, with maximum and mean windspeeds
(daytime convective) and nighttimstéble atmospherégsconditions. The windvectorfor each run was
estimated from wind roses and placed as a centémne in the site map included in the graphickhe
width of the footprint was also estimated using the lengstweenthe isopleth 0f80% cumulative flux
and center lindo calculate theangle from centerlineThis information, along with distance of the
cumulative flux isopleths and wind direction, will define the source area for the flux measurements on
the top of the tower.

Tablel4. Expected environmental controls to parameterize the source area model, and associated
results fromBartlett Experimental Forest Relocatable tower site 1

Parameters Run 1 Run 2 Run3 Run4 Run 5 Run 6

Approximate season summer winter Units
Day Day Night Day Day night qualitative
(max WS) (mean WS) (max WS) (mean WS)

Atmospheric stability convective convective Stable convective convective stable  qualitative

Measurement height 29 29 29 29 29 29 m

Canopy Height 19 19 19 19 19 19 m

Canopy area density 4.6 4.6 4.6 1.4 1.4 1.4 m

Boundary layer depth 2000 2000 2000 2000 2000 2000 m

Expected  sensible 250 250 20 30 30 -20 W m?

heat flux

Air Temperature 23 23 13 -1 -1 -11 °C

Max. windspeed 5.7 2.5 0.5 8.8 2.8 1.0 m s*

Resultant wind vector 172 172 172 300 300 300 degrees

Results

(zd)/L -0.06 -0.35 -0.55 0.00 -0.05 210 m

d 16 16 16 13 13 13 m

Sigma v 2.20 1.70 0.73 2.90 120 170 m*s?

Z0 0.67 0.67 0.67 1.30 1.30 1.30 m

u* 0.83 0.47 0.18 1.40 0.48 0.13 ms'

Distance source area 0 0 0 0 0 0 m

begins

Distance of 90% 580.7 331.9 154.1 746.7 640.0 777.1 m

cumulative flux

Distance 0BO% 379.3 2015 94.8 462.2 391.1 4800 m

cumulative flux
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Distance of 70%

) 272.6 154.1 474 331.9 284.4 365.7 m
cumulative flux
Distance of 60% 201.5 1185 - 248.9 2133 1829 m
cumulative flux
Distance of 50% 177.8 94.8 - 189.6 1541 1143 m
cumulative flux
Dlstancg of 40% 142.2 593 . 154.1 130.4 —_—m
cumulative flux
Dlstancg of 30% 106.7 . 118.5 94.8 —_—m
cumulative flux
Distance of 20% . L . o — —m
cumulative flux
Distance of 10% L . . — — —_—m
cumulative flux
Peak contribution 70 10 20 160 32 540 m

445 Results (source area graphs)
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Figure6l. Bartlett Experimental Forest summer daytime (convective) footprint output with max wind
speed.
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Figure62. Bartlett Experimental Forest summer daytime (convective) footprint output with mean wind
speed.
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Figure63. Bartlett Experimental Forest summer nighttimeasie) footprint output with mearwind
speed.
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Figure64. Bartlett Experimental Forest winteagtime (convective) footprint output with max wind
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Figure65. Bartlett Experimental Forest winter daytime (convective) footprint output with mean wind

speed.
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Figure66. Bartlett Experimental Forest winter nighttime (stable) footprint outputhrneanwind
speed.

4.4.6 Acceptance criteria

Micrometeorological theory and the eddy covariance technique were established over uniform
vegetative canopies with short roughness lengths on flat terrain and large fetch. The ohigtdive

place a towelin sucha way to optimize the amount of timehere all the flows (winds) and
microclimatewith minimal disturbance and secondary filteringlow through the tower must be
discounted and screened against data quality criteria (FIU V+V Bloeys that pass thragh a tower

often have to be screened and filtered out of a lelegn dataset. If positioning a tower can be
positioned on the landscape towards an undesirable land use type or influence on the leeward side of
the towert if it is well known the data will hee low quality. Additional concerns and acceptance

criteria can be found in the FIU Tower Science requirements, AD 01.

The tower should be sited to maximize the time with winds blowing from the desired land cover type,
and with the longest upwind fetch attainable. If the surroundings are not of a uniform cover type, there
needs to be some analysis of prevailing windseémdnstrate that the desired sectors are sampled
uniformly through time. Consider the extreme example of a site with two different forest types and a
consistent daily wind cycle that blew from one forest type and in the day and the other at gy
integratednet ecosystem exchangBlEEin this situation would be uimterpretable. This extreme
condition is unlikely, but many sites could have more subtle wind direction biases that need to be
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examined and considered in data interpretation. All systemre subject to horizontal flux divergence,
advective motions, wake effects and drainage of air sheds (FIU Tower Science Requirements). Footprint
analyses to determine the source area under different stabilities, wind speeds and direction among
seasons mvide valuable guidance for appropriate tower placement, documentation of site

characteristics, and definition of data acceptance criteffiaken and Leclerc 2004prst and Weil 1992,

Horst and Weil 1994a, Horst and Weil 1994b, H&801,Kormann and Mixner 2001, Schmid and

Lloyd 1999Schmid 1994, Schuepmp al. 1990). The criteria for tower placement should not only be
concerned with the summer, productive periods, but also the seasonal transitional periods (spring and
fall), and winter months wherespiration process often dominate.

Micro-topography requires visual inspection. Long wave forms and standing waves are common place
over short stature ecosystems small < 10 m topographic relief and high (mechanical turbulent) winds
occur(tundra, graslands, alpine ecosystemsiPreliminary data collection may be useful to determine if
micro-topographic features affect the local microclimate and flow regimes.

The tower needs to be high enough to place the sensors well above the surrounding canaymt, st
high that the footprint during stable nighime conditions extends beyond the boundary of the
ecosystem type of interest.

Other constraints are placed on our ability to locate and position a tower besides available footprint and
flow regimes. Asome locations, there is a large sensitivity towards viewing the tower above the canopy
from houses, scenic over views, or within an urban area. This public concern is particularly prevalent in
State and National Parks. A second constraint is the anaflahd available for construction. Lastly,

there are often nearby land uses or ecosystem types that can contribute undesirable information
(fluxes, meteorology) to the tower based measurements. For example, different grazing patterns in a
nearby fieldlarge wetlands in the center of the desired footprint, roads that cause line sources of dust
or hydrocarbons, or clearcuts that generate conflicting thmeal circulations (Loeschet al. 2004). All

these issues have to be balanced to achieve the sGienequirements.

Windroses were @nstructed on a seasonal basis whejahefirst estimation is the maximum and
average seasonal windspeed¥the season fractional wind directionandiii) isthe resultant wind
direction.

Winds are dominant fronthe NW to the SE faall windrose periodat this site(Figure60), and

supported ly the quadrate analyses (Tabl&213) with an annal resultant wind vector of ZL8.

Because winds from the east are infrequent and low velocities, the tower should the @ast side of

the wind measurement booms. Because the winds are evenly distributédguency from the N, W

and S (&bles 1213) and SSE during summer and,falmaximize the data coverage, the boom should
be facing towardvest However, winds do come from the other quadrants during the summer months,
due to the convective scales and storm frol@ecause i) there is ample room within the property
boundary, ii) the dominant soil type extends towards the west of the tower locadiodiii) it is possible

to place the soil array within the airshed.

Soil mapping units are not inclusive of all the areas on Bartlett Experimental Forest, we assume that the

fraction of mapped soil associations are representative of the whole, mékédpminant soil
association beingylarlow-Peru, fine sandy loams, 3 to°18lopes, very stong14% spatially dominant),

Page780f 133



o . - . Author.
n e ;.3 n Title: FIU DO1 Site CharacterizatioBupporting Data | |/ avroc oescher Date09/23/2011

NEON Doc.:#NEON.DOC.011041 Revision: C

NATIONAL ECOLOGICAL OBSERVATORY NETWORK

Tablel0. Based on maps provided by Bartlett Experimental Forest, there does not seem to be any limit
on the source area based on prapeboundaries.Because flows through the tower have to be

examined and potentially removed from the dataset, placing the leeward side of the tower closest to
the east optimizes flows over the source area from the west. To maximize the fetch (sourck@rea
the W in all seasonghe tower lacation should be placed in the E area of this foredBecause winds

from the NW to SWo SSEBccur duringall seasonsind the results from the footprint analyses (Figures
61-66) indicate 80% of the cumulative fluis within 500 m under the most extreme conditions (winter,
stable atmosphere, high winds), and as small as 60 m in summer (strongly convective, unstable
atmospheres). Because this is a closed canopy ecosystem, the distance betwbasdlu thetower

and the instrument hut can be reduced to 15 m.

4.4.7 Site design and tower attributes

Based on the information above, site design and layout are described below.

According to wind roses, the prevailing wind direction blows from northw28& i 2  paopkwise

from280)1 YR FTNRBY {2dziK omnnx {t#oughouinte yeaOrovdeOshahldl BeS T N2 Y
placed to a location to best catch the signals from the airshed of the ecosystem in interest, which is
maplebeechforest. The original tower site wa&ld n ¢ n-¢LRRBE&K. After FIU site characterization,

we determine the exacttower location to be at 44.0638&, -71.2873X% to avoid the potential
interferenceof the dust and edge effecfsom the access rogdand obtain longer fetch area of forest on

the same side of the roadNew location isoutheastto the original candidate tower forko0m.

Eddy covariance, sonic wind and air temperatioem armsorientation toward the west will be best to
capture signals from all major wind directior®adiation boom armsshould always be facing south to
avoid any shadowing effects from the tower structure. Aetrument hut should be outside the
prevailing wind airshed to avoid disturbance in the measurements of wind and should be positioned to
have the longeside parallel to frequent wind direction to minimize the wind effects on instrument huts
and to minimize the disturbances of wind regime by instrument hut, and in this case, instrument hut
should be positioned on the southeast side of tower and have dmgdr side parallel taN\W-SE
direction. Because this is a closed canopy ecosystem, the distance between the tower and the
instrument hut can be reduced to ~ 15 m. Therefore, we require the placement of instrument hut at
44.06403;71.28730

Canopy heighis ~23m around tower site with lowest branches gitound levelMaple and beecliorm
upper understory, which varies from 14 t@6 min height Seedlings and sapling of maple, hemlock and
beechforms the lowerunderstory with mean height ~dh. Grass anather short vegetatiorform the
understory at ground level with heightG-:2 m. We require 6measurement layeron the tower with
top measurement height &83 m, and rest layers arg6 m, 20 m, 16 m, 4n and 01 m, respectively, to
best characterize thdixes on the tower top and environmental conditions in profile.

Secondaryrecipitation collectorfor bulk precipitation collection will be located the top of tower at this
site. Wet deposition collectorwill collocate at the top of the towerSee AD O4or further information
and requirements for bulk precipitation collection and wet deposition collection.

The site layout is summarized in the table below. Assume the projected area of the tower is square.
Anemometer/temperature boom arm directions from the towertoward the prevailing wind direction
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or designated orientationinstrument hut orientation vectoris parallel to the long side of the

instrument hut.Instrument hut distance s the distance from the center of tower projection to the
center ofthe instrument hut projection on the ground. The humbering of theasurement levelss

that the lowest is level one, and each subsequent increase in height is numbered sequentially, in this
case, level 6 being the upper most level at this tower site.

Tablel5. Site design and tower attributes for Bartlett Experimental Forest Relocatable site

0° is true north with declination accounted forColor of Instrument hut exterior shall be tan to best
match the surrounding environment.

Attribute lat long degee meters notes

Airshed 280xto 335 Clockwise fronfirst
(major) and angle
140xto 200k

Tower location nndncc-T MOPHY -- -- new site

Instrument hut 44.06403, -71.28730

Instrument hut orientation - -- 130%x-310x

vector

Instrument hutdistance z - -- -- 15

Anemometer/Temperature -- -- 27 --

boom orientation

Height of the measurement

levels

Level 1 0.1 m.a.g.l.

Level 2 4.0 m.a.g.l.

Level 3 16.0 m.a.g.l.

Level 4 20.0 m.a.g.l.

Level 5 26.0 m.a.g.l.

Level6 35.0 m.a.g.l.

Tower Height 35.0 m.a.g.l.
See AD 03 for technical requirement to determine the boom height for the bottom most measurement
level.

Figure67 below shows the proposed tower location, instrument hut location, airshed area and access
road.
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i) newtower location is presented (red pin), ii) red lines indicate the airshed boundaries. Va8txs
to33p x 6 Of 2 O186xAmiafr aFsNRl)Yor from 140to 200x (clockwise from 14X) secondary
airshed) that would have quality wind data without cawgiftow distortions, respectively. iii) Yellow line
is the suggested access road to instrument i&drrect tower location is in the table and FCC report.

Boardwalksb 'fOAYF OGSt er GKS RSOAaAA2Yy (2 dzAS lces 2l NRg !
There are strong science requirements that minimize site disturbance to the surrounding area, which

will be difficult to manage over a 3pperiod. Traffic control is key to minimizing the site disturbance.
Confining foot traffic to boardwalks mmizes site impact; this is particularly true in places where wear

caused by foot traffic becomes noticeable and grows. For example, in places with snow part of the year,
worn footpaths tend to have low places that collect water, or places where the sramk pecomes

uneven causing personnel to walk farther and farther around the sides of the original path, causing the

path to grow in width. This is a very common phenomenon. Here FIU assumes that all conduits will be
either buried, or placed inside the boNRg I f | &dzOK GKIFI G A0 R2Sa yz2a4 S
footprint. While the final design is not yet known, there are some general criteria that can be outlined.

2S | aadzyS 0KIG GKS 02FNRglt1 SARGK AA aepioofd n ddmn
and in some locations the site is seasonally flooded and inundated with water. Boardwalks may also
provide a scratching structure for grazing animals that in turn, would wear and unduly impact the site.

Site by site evaluations must be done.

Page81of133



Author.
Luo/ Ayres/Loescher

Date09/23/2011

n e ;.3 n Title: FIU DO1 Site CharacterizatioBupporting Data

NEON Doc.:#NEON.DOC.011041

NATIONAL ECOLOGICAL OBSERVATORY NETWORK

Revision: C

Srecificboardwalks athe Bartlett site

o Boardwalk is from the access dirt road to instrument Antd mustavoid crossing the area used

for measuring soil respiration by University of New Hampshire scignpstsding landowner

decision

. Boardwalk from the istrument hut to the tower to intersect on north face of the tower

o Boardwalk to the soil array

o No boardwalk from the soil array boardwalk to the individual soil plots

The relative locations between tower, instrument hut and boardwalk can be found irdidgram

below:
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Option 7, anemometer boom facing (generic) West
with Instrument Hut towards the North North

JNH JUBWNLSU|

Boardwalk distance TDB, average 25 m, in this case 18 m

Tower entrance

Anemometer boom, 4 m

Figure68. Generic diagram to demonstration the relationship between tower and instrument hut when

boom facing west and instrument hut on the north towards the tower.

This is just a generic diagram. The actual design of boardaalath if no boardwalk requiredand
AYyailiNdzySyid Kdzi LRairdAizy gAft 0SS (GKS NEABRUSAAOAT A
Experimental Forest relocatable site, the boom angle will be 270 degrees, instrument hut will be on the

north towardsthe tower, the distance between instrument hut and tower is ~15The instrument hut
vectorwillbe S 2 o mwmmx 0 ©
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4.4.8 Information for ecosystem productivity plots

The tower at Bartlett Experimental Forest Relocatable site has been positioned to optingize
collection of the air/wind signals both temporally and spatially over the desired ecosystem (hardwood

FT2NBadouo ' ANBKSR 4G GKA&a aridsS aa

TNRY HY X

2

Hnnx 60f2016Aa&S ¥ NERIY ans B0%xshnals Brdlaxyhieasit@ments faldBvikhB a
distance of 800 m from tower, and 80% within 500 We suggest FSU Ecosystem Productivity plots be

LX I OSSR ¢AGKAY GKS YI 22N I ANEKSR

45 Issuesand attentions

62dzy RI N& S &

Researchers from the University of New Hampshire use the area east of the existing44va&368 -
71.2873) to monitor soil respiration. NEON should avoid disturbing this areathesaccess route and

power lines should go around thasea.

27

00

Hy n

Some of the Forest Service representatives expressed concern about trenching power/communications
lines in the soil and running them in conduit above the sHibwever, they recognized that power and
communications lines were needed at the NEON. $TEHS will have to continue this conversation

with the local site personnel.
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PLUM ISLAND (BURLINGN), RELOCATEABORVER 2

Site description

The previous candidate relocatable tower site (42.51611111.19166389) is located at the east corner
of Rahanis park for public recreation, off Mill Street in BurlingMassachusettsResidential buildings

densely surround this park. Human activitae very heavy at this ared. {

R2SayQi YSSi

requirements for FIU and FSU teams, plus it also raises the concerns for the security of research
facilities. An alternative site (42.5239%1.18293) that FIU proposed is located within Sawmalbk

conservation, Burlington, MA, which is next to the Aquatic/STREON site. Information provided below is

based on this site.

Figure68. Boarder of theSawmill brook conservaticarea and tower location.

Note that thelocation boundaries are in red, bthe area to the east of the conservation area is the

Town of Wilmington MA open space and is also under a conservation easement.

5.2

Ecosystem
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