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Abstract: Recent warming trends in the Arctic and boreal regions far exceed the global average, 

and this trend is likely to continue in the future. To establish accurate benchmarks for models and 

represent the current status of carbon stocks and flows, it is essential to provide detailed descriptions 

of forest ecosystem structures, including understory plant communities alongside carbon flux data. 

In this data paper, we present a synthesis data set of aboveground forest structural characteristics. 
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Field campaigns were performed from 2010 to 2018 at the Poker Flat Research Range of the 

Geophysical Institute of the University of Alaska, Fairbanks, located on the outskirts of Fairbanks, 

AK, USA. The forest is a sparse evergreen needle-leaf forest. The field campaigns include tree 

census surveys in the years 2010 and 2014, direct measurement of tree aboveground biomass and 

their vertical profiles in 2012, tree leaf area index (LAI) measurement using a non-destructive 

method in 2018, and biomass and LAI survey of forest floor vegetation through direct sampling in 

2018. The ecosystem structure data sets described in this paper are helpful for the calibration of the 

forest stand representations in the ecosystem and land surface models and for the validation of the 

simulated forest growth and stand structures. The data are available for download from the Japanese 

National Institute of Polar Research Arctic Data archive System, listed under Kobayashi et al. 2023. 

 

1. Background and Summary 

    Recent warming trends in the Arctic and boreal regions greatly exceed the global average, and 

are likely to continue in the future1,2. Previous studies have provided evidence of warming based on 

various climate indicators and associated changes in the terrestrial ecosystem3, including the state of 

permafrost (permafrost thaw)4 and the patterns and magnitude of wildfires5. To date, no land surface 

and ecosystem models have yet achieved sufficient consideration of the complex behaviors of 

permafrost soil and forest systems6. This is due to the lack of comprehensive data sets to describe the 

realistic forest stand in the subarctic boreal forest, where tree stands are very sporadic, and the 

majority of the forest understory is directly illuminated by the sunlight. To establish accurate 

benchmarks for models and represent the current status of carbon stocks and flows, it is essential to 

provide detailed descriptions of forest ecosystem structures, including understory plant communities 

alongside carbon flux data. In this data paper, we present a synthesis data set of aboveground forest 

structural characteristics. Field campaigns were performed from 2010 to 2018 at the Poker Flat 

Research Range of the Geophysical Institute of the University of Alaska, Fairbanks, located on the 

outskirts of Fairbanks, AK, USA. The forest is a sparse evergreen needle-leaf forest (see section 2). 

The field campaigns include tree census surveys in the years 2010 and 2014, direct measurement of 

tree aboveground biomass and their vertical profiles in 2012, tree leaf area index (LAI) measurement 

using a non-destructive method in 2018, and biomass and LAI survey of forest floor vegetation 

through direct sampling in 2018. 

    In the forest census surveys, all tree locations, tree species, diameter at breast height (DBH), 

and tree heights were surveyed within a 30 m × 30 m (Figure 1 & 2) area within the flux footprint of 

the eddy covariance observation site (Figure 3). This survey was conducted twice, in 2010 and 2014. 

In the 2010 survey, we also measured the lengths of branch/shoot extensions in four directions, east, 

west, north, and south, to evaluate the maximum projected crown area of twenty selected trees. For 

direct measurement of tree aboveground biomass and their vertical profiles, sixteen black spruce 
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trees were chosen for sampling. During this field campaign, individual tree DBH, height, 

aboveground dry biomass, partitions of tree biomass (foliage/branch/stem), and total leaf area of 

each tree were measured (Figure 4). In addition, the vertical profiles of dead and live branch biomass, 

leaf area, and stem biomass were quantified. For tree LAI measurement through the non-destructive 

method, the landscape-scale LAI of the black spruce forest was obtained from gap fraction 

measurements along four parallel 200 m east–west transects (Figure 3, Table 2). The gap fraction 

was assessed using the Plant Canopy Analyzer (LAI-2200C, LiCOR), and LAI was calculated 

through inversion of the gap fraction (Table 3). The forest understory LAI and biomass were 

obtained through direct sampling in sixteen 0.5 m × 0.5 m quadrats. Leaf mass per area (LMA) of 

the seven dominant species, understory LAI, foliage and woody biomass, and species composition of 

the understory layer based on aboveground biomass were evaluated. 

    The ecosystem structure data sets described in this paper are helpful for the calibration of the 

forest stand representations in the ecosystem and land surface models and for the validation of the 

simulated forest growth and stand structures.  

 

2. Location 

    The study site, named the Poker Flat Research Range (PFRR) flux observation supersite, is 

located in PFRR and operated by the Geophysical Institute of the University of Alaska Fairbanks 

(UAF) and located at 6507´24N, 14729´15W at an elevation of 210 m above sea level. The 

PFRR flux observation supersite was initiated as a research collaboration between the Japan Agency 

for Marine-Earth Science and Technology and the International Arctic Research Center (IARC) of 

UAF and currently serves as an observation platform of the Japanese Arctic Research Program 

(Arctic Challenge for Sustainability, ArCS/ArCSII). The site is also known as US-Prr in the 

AmeriFlux and FLUXNET communities7,8.  

    The study site is a sparse evergreen needleleaf forest7,9. CO2 and water fluxes and 

meteorological conditions have been measured from a 17 m scaffold tower since 2010. Eddy 

covariance systems were installed at a height of 11 m on the tower and 1.9 m on a tripod located 15 m 

from the tower10. Long-term continuous phenological and sky monitoring with time-lapse cameras 

(Phenological Eyes Network, PEN) has been conducted since 201111, and spectral reflectance 

measurements have been collected since 2015. A list of existing micrometeorological and plant 

phenology monitoring in the study site is summarized in Table 1. 

    The site experiences a subarctic climate with cold winters and dry, hot summers. The average 

daily temperatures in February and July were −20.2°C and 14.6°C, respectively, in 2011–2016. This 

site is situated in a discontinuous permafrost region. The active layer depth was 43 cm (maximum 

thaw depth of the year), and soil deeper than 43 cm was permafrost7.  
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    Black spruce (Picea mariana) is the dominant overstory tree species, and the percentage of tree 

cover across the landscape is less than 20%. The canopy height (cumulative basal area inflection 

height) is 2.91 m7. The age of trees evaluated through tree ring analysis (N = 27 with the radius of 

25±7 mm) is from 44 to 99 years old12. According to above- and belowground biomass 

measurements, the black spruce forest stand in PFRR has high belowground biomass allocation, with 

belowground biomass accounting for 47% of the total biomass. In comparison, fine-root biomass 

was 36% of the entire root biomass13.  

    The understory is occupied by shrubs, sedges, mosses, and lichens. Peat moss (Sphagnum 

fuscum) and feather moss (Hylocomium splendens) dominate in the understory. Northern reindeer 

lichen (Cladina stellaris) is distributed sporadically. Shrubs and sedges, such as Labrador tea 

(Rhododendron groenlandicum), bog bilberry (Vaccinium uliginosum), cloudberry (Rubus 

chamaemorus), cranberry (Vaccinium oxycoccos), bog birch (Betula glandulosa or Betula nana) and 

tussock formations of cotton grass (Eriophorum vaginatum) are commonly present8,14. Snowmelt 

and continuous snow cover begin in late April to May and in October9,15, respectively. Leaf 

emergence of understory plants occurs soon after the snow melts, and senescence begins in the 

middle August15,16. 

3. Methods

3.1. Forest census survey “Tree Census” 

    Forest census measurements were collected from July 2 to 5, 2010, and September 8 to 11, 

2014. We established a 30 × 30 m2 plot within a flux footprint area. When setting the location of the 

plot, we selected a forest area far from the flux tower that closely resembled the forest around the 

tower. A location far from the tower was chosen because surveying trees around the tower would 

disturb the forest floor and adversely affect the collection of CO2 and H2O flux data. The coordinate 

system of the plot is defined with the origin at the southeast corner, the X axis (east–west coordinate 

axis) increasing from east to west, and the Y axis (north–south coordinate axis) increasing from 

south to north. 

    The center of the plot is located near 65º17´N, 147 º 29´W. Exact geographic coordinates will 

be provided by the authors upon request. Within a census plot, trees taller than 1.3 m were identified, 

and their horizontal positions (x, y), DBH at 1.3 m, and heights were measured. Tree heights were 

measured using a leveling rod. For trees exceeding the range of the leveling rod, a laser rangefinder 

(TruPulse, Laser Technology Inc.) was used. The plot was divided into 10 m × 10 m subplots. The 

locations of these subplots are shown in Figure 1.  

    Crown projection measurements were performed as part of the survey in 2010. Due to the 

limited time available, measuring all 357 trees that we measured DBH was not possible. We selected 

20 representative trees within the study plot. To assess the correlation between crown size and tree 
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height, 20 trees were chosen across a representative range of tree heights. For crown projection, the 

distance from the trunk was measured in four directions, north, south, east, and west, for both green 

branches (Live) and dead branches (Dead). In addition, the height of the lowest green branches was 

recorded. 

 

3.2. Aboveground biomass of black spruce trees “Tree_allometry” 

3.2.1. Selection of trees for sampling 

    Tree sampling was conducted near the PFRR flux tower from August 25 to September 1, 2012. 

Sixteen black spruce trees were selected for destructive sampling. These trees were chosen to obtain 

a representative height range in the study area: minimum = 0.62 m, maximum = 6.08 m, and average 

= 2.81 m. 

 

3.2.2. Outdoor measurements 

    Before cutting the trees, we measured their positions, heights, DBH, stem diameters at ground 

level, maximum crown lengths in four directions (north, south, east, and west), and the lowest height 

of live branches with green needles. Tree shapes were recorded through digital photography. Then, 

the trees were cut at ground level and immediately carried to a nearby workshop. The trees were laid 

on a tarpaulin to avoid the loss of materials attached to the trees. The tree stems were then cut at 50-cm 

intervals. 

 

3.2.3. Indoor measurements 

    The 50-cm long stem sub-samples (hereinafter referred to as stem pieces) from each tree were 

investigated using the following procedures. First, all branches originating from the stem were 

categorized as “Dead” or “Live” based on whether green needles were present on the branches. Then, 

the diameters of these branches at the stem were measured using calipers and micrometer gauges. 

After these measurements, all branches were cut from the stem, and the live and dead branches were 

stored separately. The diameter of the stem piece was measured at three points (bottom, middle and 

top of the stem piece). Finally, the fresh weights of all elements associated with a stem piece were 

measured through the following procedures. The fresh stem weight was measured using a spring 

balance, and the total weights of the “Dead” and “Live” branches originating from a stem piece were 

measured with a digital scale after removing all needles. We repeated these procedures for all stem 

pieces collected from all sixteen sampled trees. 

 

3.2.4. Dry weight 

    The dry weights of the stem, dead and live branches, and green needles were evaluated, and the 

dry to fresh weight fraction was determined. To measure this fraction, stem pieces at the bottom, 

middle, and top height levels of all sixteen tree samples were placed in a dryer at 70°C for at least 
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five days until the stems were completely dried. The dry to fresh weight fractions of branches were 

quantified using eleven branch sub-samples. Those eleven samples were selected from five trees to 

account for differences among individuals, “Dead” or “Live” status, and branch height (0.5–5.5 m). 

After fresh weight measurement, the branch samples were placed in a dryer for five days, and then 

their dry weights were measured. From the resulting dry to fresh weight fractions (dry weight/fresh 

weight), the average and the standard deviation of the dry and fresh fractions obtained from the 

eleven branch samples were 0.65 +/- 0.09. As the variation (coefficient of variation = 14%) of the 

fraction of dry weight/fresh weight was small, we decided to apply the average dry to fresh weight 

fraction to all branch elements regardless of “Dead” or “Live”. In contrast to stems and branches, the 

dry weights of all needles were directly measured after 48–72 hours in a dryer at 70°C.  

 

3.2.5. Leaf mass per area and total leaf area of black spruce needles 

    Leaf mass per area (LMA) is defined as leaf dry mass per unit leaf area (g m−2). LMA was 

quantified from needle samples that were collected separately from tree branches. We collected 839 

fresh needles for LMA calculation. The total leaf area of those needles was measured and calculated 

from the average length (l) and diameter (d) of the needles, assuming that the needle shape can be 

approximated as a cylinder. The length of all 839 needle samples was directly measured using 

calipers and micrometer gauges. Needle diameter was challenging to measure due to the very small 

sizes of the needles. We selected 40 needles and measured their minimum and maximum diameters 

with a micrometer gauge and then averaged all of those measurements, assuming that the cross-

section can be approximated as a circle. The total leaf area of 839 needles was then calculated using 

the formula for a cylinder: leaf area = 0.5d2πl. Finally, LMA was calculated as the ratio of total leaf 

area quantified as described above and the dry mass of needles measured after drying at 70°C for 48 

hours. 

 

3.3. Forest gap fraction and overstory LAI “Overstory_LAI” 

3.3.1. Gap fraction measurements 

    The LAI of the black spruce forest was obtained from gap fraction measurements taken along 

four parallel 200 m east–west transects (labeled A, B, C, and D in Figure 3). The measurements were 

collected on July 24, 2018, from 15:28 (Alaskan Standard Time, AKST) to 16:59 (AKST) under 

completely clear sky conditions. Two Plant Canopy Analyzers (LAI-2200C, Li-COR) were used to 

obtain above- and below-canopy radiation. The below-canopy light intensity was measured 

approximately 0.3 m above the ground surface, and measurement was repeated along four parallel 

north–south transects. Each transect was 200 m in length, and measurements were taken at an 

interval of 10 m, which is roughly four times the mean canopy height and approximately the 

footprint of the LAI-2200C sensor. A 17 m tall flux tower was located approximately 100 m 

northeast of the four transects. One LAI-2200C sensor was located at the top of the flux tower to 

77



H. Kobayashi et al. 

 

 

 
 

measure incoming light intensity and other LAI-2200C sensors provided incoming light intensity 

data below the canopy along the transects. A pair of LAI-2200C sensors were matched by placing 

both sensors at the top of the tower before the transect measurements. A 45° field-of-view cap was 

used in this study according to the recommendations of past studies17,18. The azimuthal orientation of 

each pair of LAI-2200C instruments was 157.5° clockwise from true north (true north = 0° and true 

south = 180°). In each transect, we collected measurements twice (from east to west and west to 

east) to confirm that the results were consistent. The two values obtained at each sampling point 

were then averaged. Finally, we conducted 21 below-canopy light-intensity samplings along each 

transect. Table 2 summarizes the times and corresponding solar directions at which the 

measurements were performed. The gap fraction at each sampling point was derived from the below-

canopy light intensity divided by the above-canopy light intensity measured from the top of the 

tower. 

    The LAI calculation algorithm of the LAI-2200C requires additional sky information, including 

hemispherical skylight intensity (without direct sunlight), and fraction of direct solar radiation to 

correct light scatterings within the vegetation canopy19. The fraction of direct solar radiation was 

measured before and after transect measurements. The LAI-2200C sensor was pointed in the nadir 

direction above a white Halon diffuse reflectance standard panel (99% reflectivity, 25 cm × 25 cm, 

Spectralon, Labsphere Inc.). The LAI-2200C sensor measured the light reflected by the white panel, 

which represented incoming blue radiation. Then, direct sunlight was blocked from reaching the 

panel. The fraction of diffuse blue radiation was calculated by dividing the shaded reading by the 

unshaded reading from the ring 1 of the LAI-2200 device. Hemispherical skylight intensity was 

measured using a 270° field-of-view cap at the top of the tower before and after measurement along 

the four transects; the cap’s orientation was adjusted to block direct solar beams.  

 

3.3.2. LAI calculation 

    The landscape overstory LAI was computed through the following steps using all gap fraction 

data from the four transects (N = 21 × 4). First, the effective plant area index (PAI), which includes 

foliage clumping larger than the crown scale, was computed using the gap fraction inversion 

algorithm19. Then, LAI was computed using the following equation20,21: 

 

LAI = γ(1- α)PAI 

 

where γ and α are shoot-level clumpings and the ratio of the woody fraction to the total plant area. γ 

was set to 1.58, according to the spherical average of the photographed silhouette area to the total 

needleleaf area ratio (STAR = 0.158) quantified previously and converted to γ (γ = (4STAR)−1)20,21. 

We set α to 0.16, assuming that the wood fraction is the same as in Canadian old-growth black 

spruce forests20,21.  
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3.4. Leaf area index and leaf mass per area (LMA) of the understory plants 

“Understory_LAI_biomass” 

    The LAI of understory plants was obtained through direct sampling. Sampling was performed 

on July 21 and 23, 2018, when understory LAI was at its maximum. We established sixteen 0.5 m × 

0.5 m quadrats. All aboveground plant species were cut and sorted into seven dominant types, 

namely cloudberry, cotton grass, bog bilberry, cranberry, bog birch, black spruce, Labrador tea, and 

others. The cut samples were further separated into green leaves and woody material and then dried 

in a dryer at 70°C for 48 hours. Aboveground dry weights were then measured for the green leaves 

and woody parts of each species. LMA was quantified to convert aboveground biomass into leaf area. 

We collected green leaves from seven dominant species near the sixteen quadrats (sample weight 8.2 

g ~ 22.2 g in dry mass). The leaves were laid on a transparent sheet without overlap and scanned 

images were taken. The leaves’ images were then converted into black-and-white images to separate 

the leaves from other pixels. By counting the leafy pixels, we obtained the leaf area of each species. 

Then, the leaves were dried at 70°C for 48 hours, and their dry weights were recorded. From the 

ratio of dry weight to leaf area, we obtained the LMA of understory species. 

 

4. Data Records 

    All ecosystem structure data have been archived and published at the National Institute of Polar 

Research Arctic Data Archive System (see Data Citations). Data are stored in four directories named 

“Tree_census”, “Tree_allometry”, “OverstoryLAI”, and “Understory_LAI_biomass”. All directories 

include figures containing the data and R code, to read and output data tables in comma-separated 

values (CSV) format. In the data files, missing data are recorded as NA. 

 

- Tree_census 

- /Figures 

- TreeCensus.R 

- TreeCensus.csv 

The items recorded are tree location, species name, DBH in the year 2010, 

tree height in the year 2010, canopy maximum projections (north, west, 

south, east) in the year 2010, lowest green foliation height in the year 2010, 

DBH in the year 2014, tree height in the year 2014. 

 

- Tree_allometry 

- /Figures 

- /Photos 

- Tree_allometry.R 
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- allometry_summary.csv 

This file contains the summary of vertically integrated values. The record 

from 22 trees is summarized. 

- Branch_drymass_profile.csv 

Vertical profiles of dry biomass of dead and live branches in each 50-cm 

interval are recorded. 

- Leafarea_profile.csv 

Vertical profiles of green leaf area in each 50-cm interval are recorded. 

- Leafmass_profile.csv 

Vertical profiles of green leaf biomass in each 50-cm interval are recorded. 

- stem_drymass_profile.csv 

Vertical profiles of stem biomass in each 50-cm interval are recorded. 

- stem_diameter_profile.csv 

Vertical profiles of stem diameter in the lowest, middle and top portions of 

each 50-cm interval are recorded. 

 

- OverstoryLAI 

- /Figures 

- /Photo 

Upward and downward photographs at the gap fraction measurement 

locations are stored. The file names “A1.jpg”, “A1up.jpg”, and “A1dn.jpg” 

indicate location view, upward and downward images in the sampling 

location at the first point of line A. The line names and location numbers 

correspond to those in the data file “GapFraction_20180724.csv” 

- /Geolocation_shape 

Geolocation data for all gap fraction measurements are recorded as GIS 

vector data (point data). The file format is an ESRI shape file. 

- GapFraction_20180724.R 

- GapFraction_20180724.csv 

Gap fraction measurements along four transects (A, B, C, and D) are 

recorded in five view directions (ring 1 to ring 5). 

- PAI_20180724.csv 

Landscape-scale plant area index (PAI) and leaf area index (LAI), as 

calculated through the methods described in Section 3.3.  

- SkyCondition_20180724.csv 

These are ancillary data used in PAI and LAI estimation through the 

methods described in 3.3. 

80



Polar Data Journal, Vol.7, 72–88, October 2023 

 

 

 

- Understory_LAI_biomass 

- /Figures 

- /Photos 

- Understory_LAI_biomass.R 

- location_info.csv 

Geolocation of 16 quadrat sites in latitude/longitude (WGS 84) and 

Universal Transverse Mercator (UTM) zone 6N (Easting/Northing) 

- Understory_LAI_biomass.csv 

LAI and total biomass are recorded as well as green leaf and woody 

biomass of cloudberry, cotton grass, bog bilberry, cranberry, bog birch, 

black spruce, Labrador tea, and others.  

- LMA.csv 

 LMA of seven dominant species are recorded.  

 

5. Technical Validation 

5.1. Forest census survey 

    In the 2014 forest census survey, to confirm consistency with the 2010 observations, the data 

obtained were immediately compared with the 2010 data on site. If the measurements were 

inconsistent, suggesting potentially erroneous values, we measured the sample again.  

 

5.2. Aboveground biomass of black spruce trees and understory LAI and LMA measurements 

    All collected data were first recorded in a field notebook and digitized. The data were 

transcribed to spreadsheets and double-checked by another individual. All data were plotted and 

visually checked for consistency.  

 

5.3. Forest gap fraction and overstory LAI 

    Forest gap fraction measurements at each location were taken twice (from east to west and west 

to east) to confirm that the results were consistent. We visually checked the consistency of the two 

measurements and then averaged their values at each sampling point. 

 

6. Competing interests 

  The authors declare that they have no competing interests. 
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7. Figures 

 

 

 Figure 1. Coordinates of the forest census 30 m × 30 m plot containing nine 10 m2 subplots. The 

 origin is located at the southeast corner. 

 

 

  

Figure 2. The histograms of DBH and tree height. The pink-shaded curves are fitted with 

 Probability distribution functions (PDF). (a) DBH in 2010, (b) DBH in 2014, (c) height 

 in 2010, and (d) height in 2014. Dashed blue vertical lines indicate average values. The 

 histograms of DBH and tree height are normalized to 1 to compare with the PDF 

 function.  
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Figure 3. Sampling locations of the gap fraction along four 200 m transects (A, B, C, D). The 

 transects were established in an east–west direction to represent optimally the gap 

 fraction in the southern direction, near the sun’s position. The sampling locations are at a 

 10 m interval. A gray rectangle with yellow dots in the corner is the location of the 

 census measurements. The orthogonal aerial photograph was obtained from the NEON 

 Airborne Observatory Program. 
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Figure 4. Summary of tree observations. (a) DBH, (b) tree height, (c) aboveground dry biomass, 

 (d) partitions of tree biomass (foliage, branch and stem), and (e) total leaf area of each 

 tree. The X-axis represents the sample tree ID. The tree ID 2, 4, 5, 17, 18, 21 are omitted 

 from the figures because destructive sampling was not performed. Tree IDs 11, 12, 13, 

 and 14 were shorter than the height of DBH measurements; thus, DBHs were not shown. 
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8. Tables 

Table 1. A list of existing micrometeorological and plant phenology monitoring in the study site.   

Variable location Instrument Starting year 

CO2 and water fluxes Scaffold tower at the 

height of 11 m & tripod at 

1.9 m 

Infrared gas analyzer (LI-

7200, LiCOR) and sonic 

anemometer 

(WindMasterPro, Gill)  

October, 2010 

Meteorological data Various height 0 to 17 m Temperature/humidity 

sensor (HMP155, Vaisala), 

Longwave/shortwave 

radiation sensor (CNR-4, 

Kipp&Zonen) 

Wind Speed (010C, 

MetOne) etc 

October, 2010 

Time lapse camera Scaffold tower at the 

height of 17 m & tripod at 

1.0 m 

PEN camera system 

(Nikon Coolpix 4300 and 

fish-eye lens) 

January, 2011 

Spectral reflectance Scaffold tower at the 

height of 17 m & tripod at 

1.5 m 

MS-700 (Eko)  March, 2015 

 

 

 

Table 2. Description of LAI-2200C data. The time zone is Alaska Standard Time (AKST, UTC-

 0900). The times shown are the start times of transect measurement. With the 45° sensor 

 view cap opening toward the sun, the sensor azimuth would be 0°. The solar azimuth 

 angle is measured clockwise from true north. 

 

Transect ID Date Time Solar zenith angle [°] Solar azimuth angle [°] 

A Jul 24, 2018 16:40 58.12 246.58 

B Jul 24, 2018 16:29 57.07 243.78 

C Jul 24, 2018 16:08 55.14 238.30 

D Jul 24, 2018 15:43 52.99 231.53 
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Table 3. Input variables for LAI calculation. The leaf reflectance and transmittance, and fraction of 

 beam radiation are values at the wavelength of 450 nm, which is used in LAI-2200C 

 measurements. 

 

Variable name Value 

Leaf reflectance 0.0535 

Leaf transmittance 0.0128 

Solar zenith angle 57.07 

Solar azimuth Angle 243.78 

View azimuth angle 157.5 

Fraction of beam radiation 0.736 

Shoot clumping 1.58 

Element clumping index 

(apparent clumping index) 

0.78 

Woody fraction 0.16 

LAI 0.88 
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