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Use of Planting Trials in Forestry
Competition
“When the immediate supply of a single factor necessary for 
growth falls below the combined demands of the individual 
plants, competition begins.”

~ Clements 
(Donald, C.M. 1963. Competition 
among crop and pasture plants. 
Adv. Agron. 15, 1-118)



Use of Planting Trials in Forestry
Block Replicated Experiments
• There is extensive literature about 

the use of block replicated spacing 
studies.

• Guiding many silvicultural systems 
in western forests.
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Use of Planting Trials in Forestry
Block Replicated Experiments
• These approaches utilize an area based approach to define 

the sampling unit (i.e. each block is 1 sample).
• This study of 2 species:

• ~5 acres per block set
• 6 replicates
• 12 densities
• 110 trees in each

6 x 12 x 110 = 
7,920 trees to track

~30 acres invested

Add a second species, 
double everything.



Understanding Nelder Plots
Individual Focused – Systematic Experiments
• John Nelder – a British Statistician trying to identify 

ideal agricultural plant spacing.
• Nelder, J.A. 1962. New kinds of systematic designs for spacing 

experiments. Biometrics, 18, 283-307.

• Proposed 5 designs for varying spacing and 
rectangularity:

Ia Ib Ic Id                         II

Density          Rectangularity              Both                     Both                     Both



Understanding Nelder Plots
Individual Focused – Systematic Experiments
• The Ia design has been the most widely adapted for 

forestry applications.
Ia

Density

• Maintains rectangularity at ~1:1 while 
varying spacing.

• Each tree along a spoke represents a 
different density.

• Each spoke represents a replicate.
• While this shows one quadrant, these are 

commonly installed as full circles.



Individual Focused – Systematic Experiments

Understanding Nelder Plots

• Full plots can be divided to 
investigate site prep, species, 
providence, etc.

• Effects are separated by guard 
spokes.

• Density is maintained by  
guard arches.
• This scenario produces 4  

replicates of 9 densities.
• Depending on spacing, this could 

take as little as 1 acre

• Multiple plots could be used 
to investigate across site index.



Individual Focused – Systematic Experiments

Understanding Nelder Plots

• Example of mixed species planting for assessing 
intra-species competition.

14 densities
5 replicates
0.325 acres

625 – 25,267 TPH



Individual Focused – Systematic 
Experiments

Understanding Nelder
Plots

• Replicated Douglas-fir plots in Oregon
• Done with a modified Nelder Ia design

Douglas-fir - Diameter Breast Height by Age and Arc
Newton & Cole Nelder Plots
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Design

		Nelder Plot Designs

		# of Arcs:				16				MinDens:		247		per hect

		Rectangularity				1.41				MaxDens:		4000		per hect

		Rate of Change:				1.0972664521

		Angle between Spokes:				0.1309260715				First:		13.0619356715

						0				1				2				3				4				5				6				7				8				9				10				11				12				13				14				15				16				17

		Spoke		#Trees/hec		4816				4000				3322				2759				2292				1904				1581				1313				1091				906				752				610				495				402				326				264				214				174

				Area (sq.m)		2.08				2.50				3.01				3.62				4.36				5.25				6.33				7.62				9.17				11.04				13.29				16.39				20.20				24.90				30.70				37.85				46.66				57.52

				Side (m)		1.44				1.58				1.73				1.90				2.09				2.29				2.51				2.76				3.03				3.32				3.65				4.05				4.49				4.99				5.54				6.15				6.83				7.58

		7.502		Radius (m)		13.06				14.33				15.73				17.26				18.93				20.78				22.80				25.01				27.45				30.12				33.05				36.69				40.74				45.23				50.22				55.77				61.92				68.75

				Radius (feet):		42.9				47.0				51.6				56.6				62.1				68.2				74.8				82.1				90.1				98.8				108.4				120.4				133.7				148.4				164.8				183.0				203.1				225.6

		Spoke		Angle		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt

		0		0.0		42.85		0.00		47.02		0.00		51.60		0.00		56.61		0.00		62.12		0.00		68.16		0.00		74.79		0.00		82.07		0.00		90.05		0.00		98.81		0.00		108.42		0.00		120.38		0.00		133.66		0.00		148.41		0.00		164.78		0.00		182.96		0.00		203.14		0.00		225.55		0.00

		1		7.5		42.49		5.59		46.62		6.14		51.15		6.74		56.13		7.39		61.59		8.11		67.58		8.90		74.15		9.76		81.37		10.71		89.28		11.76		97.96		12.90		107.49		14.15		119.35		15.72		132.52		17.45		147.14		19.37		163.37		21.51		181.39		23.89		201.40		26.52		223.62		29.45

		2		15.0		41.39		11.09		45.42		12.17		49.84		13.36		54.68		14.66		60.00		16.08		65.84		17.65		72.24		19.36		79.27		21.25		86.98		23.31		95.44		25.58		104.73		28.07		116.28		31.16		129.11		34.60		143.35		38.42		159.16		42.66		176.72		47.36		196.22		52.59		217.86		58.39

		3		22.5		39.59		16.40		43.44		18.00		47.67		19.75		52.30		21.67		57.39		23.78		62.97		26.09		69.10		28.63		75.82		31.41		83.19		34.47		91.29		37.82		100.16		41.50		111.21		46.08		123.48		51.16		137.11		56.80		152.23		63.07		169.03		70.03		187.67		77.75		208.38		86.33

		4		30.0		37.11		21.43		40.72		23.52		44.68		25.80		49.03		28.31		53.80		31.07		59.03		34.09		64.77		37.40		71.07		41.04		77.98		45.03		85.57		49.41		93.89		54.22		104.25		60.20		115.75		66.84		128.52		74.22		142.70		82.41		158.44		91.50		175.92		101.59		195.32		112.80

		5		37.5		34.00		26.09		37.30		28.63		40.93		31.42		44.91		34.47		49.28		37.82		54.07		41.50		59.33		45.54		65.10		49.97		71.44		54.83		78.38		60.16		86.01		66.01		95.50		73.30		106.03		81.38		117.73		90.36		130.72		100.33		145.14		111.40		161.15		123.69		178.92		137.33

		6		45.0		30.30		30.31		33.24		33.26		36.48		36.49		40.03		40.04		43.92		43.93		48.19		48.21		52.88		52.90		58.02		58.04		63.67		63.69		69.86		69.88		76.65		76.68		85.11		85.14		94.50		94.53		104.92		104.96		116.50		116.54		129.35		129.39		143.62		143.67		159.46		159.52

		7		52.5		26.08		34.00		28.62		37.31		31.40		40.94		34.46		44.92		37.81		49.29		41.49		54.09		45.52		59.35		49.95		65.12		54.81		71.45		60.14		78.40		65.99		86.03		73.27		95.52		81.35		106.06		90.32		117.76		100.29		130.75		111.35		145.17		123.64		161.19		137.27		178.97

		8		60.0		21.42		37.12		23.50		40.73		25.79		44.69		28.30		49.04		31.05		53.81		34.07		59.04		37.38		64.78		41.02		71.08		45.01		78.00		49.39		85.58		54.19		93.91		60.17		104.27		66.81		115.77		74.18		128.54		82.36		142.72		91.45		158.47		101.53		175.95		112.74		195.36

		9		67.5		16.39		39.60		17.98		43.45		19.73		47.67		21.65		52.31		23.76		57.40		26.07		62.98		28.61		69.11		31.39		75.83		34.44		83.20		37.79		91.30		41.47		100.18		46.04		111.23		51.12		123.50		56.76		137.12		63.02		152.25		69.98		169.05		77.69		187.70		86.27		208.40

		10		75.0		11.08		41.40		12.16		45.42		13.34		49.84		14.64		54.69		16.06		60.01		17.62		65.85		19.34		72.25		21.22		79.28		23.28		86.99		25.55		95.45		28.03		104.73		31.13		116.29		34.56		129.12		38.37		143.36		42.61		159.18		47.31		176.74		52.53		196.23		58.32		217.88

		11		82.5		5.58		42.49		6.12		46.62		6.72		51.16		7.37		56.13		8.09		61.59		8.88		67.58		9.74		74.16		10.69		81.37		11.73		89.28		12.87		97.97		14.12		107.50		15.68		119.36		17.41		132.52		19.33		147.14		21.46		163.38		23.83		181.40		26.46		201.41		29.38		223.63

		12		90.0181		-0.01		42.85		-0.01		47.02		-0.02		51.60		-0.02		56.61		-0.02		62.12		-0.02		68.16		-0.02		74.79		-0.03		82.07		-0.03		90.05		-0.03		98.81		-0.03		108.42		-0.04		120.38		-0.04		133.66		-0.05		148.41		-0.05		164.78		-0.06		182.96		-0.06		203.14		-0.07		225.55

				#Trees/acre		1,949				1,619				1,344				1,117				927				770				640				531				441				367				304				247				200				163				132				107				87				70

				Acres:		0.15				0.18				0.22				0.26				0.31				0.37				0.44				0.53				0.63				0.75				0.90				1.10				1.35				1.66				2.04				2.50				3.07				3.78
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Plot Center

		Nelder Plot Designs

		Spoke		Angle		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt

		0		0.00		-0.0		42.9		-0.0		47.0		-0.0		51.6		-0.0		56.6		-0.0		62.1		-0.0		68.2		-0.0		74.8		-0.0		82.1		-0.0		90.1		-0.0		98.8		-0.0		108.4		-0.0		120.4		-0.0		133.7		-0.0		148.4		-0.1		164.8		-0.1		183.0		-0.1		203.1		-0.1		225.6

		1		7.50		5.6		42.5		6.1		46.6		6.7		51.2		7.4		56.1		8.1		61.6		8.9		67.6		9.7		74.2		10.7		81.4		11.7		89.3		12.9		98.0		14.1		107.5		15.7		119.4		17.4		132.5		19.3		147.1		21.5		163.4		23.8		181.4		26.5		201.4		29.4		223.6

		2		15.00		11.1		41.4		12.2		45.4		13.3		49.8		14.6		54.7		16.1		60.0		17.6		65.8		19.3		72.3		21.2		79.3		23.3		87.0		25.5		95.5		28.0		104.7		31.1		116.3		34.6		129.1		38.4		143.4		42.6		159.2		47.3		176.7		52.5		196.2		58.3		217.9

		3		22.50		16.4		39.6		18.0		43.4		19.7		47.7		21.7		52.3		23.8		57.4		26.1		63.0		28.6		69.1		31.4		75.8		34.4		83.2		37.8		91.3		41.5		100.2		46.0		111.2		51.1		123.5		56.8		137.1		63.0		152.3		70.0		169.0		77.7		187.7		86.3		208.4

		4		30.01		21.4		37.1		23.5		40.7		25.8		44.7		28.3		49.0		31.0		53.8		34.1		59.0		37.4		64.8		41.0		71.1		45.0		78.0		49.4		85.6		54.2		93.9		60.2		104.3		66.8		115.8		74.2		128.5		82.4		142.7		91.4		158.5		101.5		175.9		112.7		195.4

		5		37.51		26.1		34.0		28.6		37.3		31.4		40.9		34.5		44.9		37.8		49.3		41.5		54.1		45.5		59.3		49.9		65.1		54.8		71.5		60.1		78.4		66.0		86.0		73.3		95.5		81.3		106.1		90.3		117.8		100.3		130.7		111.4		145.2		123.6		161.2		137.3		179.0

		6		45.01		30.3		30.3		33.2		33.3		36.5		36.5		40.0		40.0		43.9		43.9		48.2		48.2		52.9		52.9		58.0		58.0		63.7		63.7		69.9		69.9		76.7		76.7		85.1		85.1		94.5		94.5		104.9		105.0		116.5		116.5		129.4		129.4		143.6		143.7		159.5		159.5

		7		52.51		34.0		26.1		37.3		28.6		40.9		31.4		44.9		34.5		49.3		37.8		54.1		41.5		59.3		45.5		65.1		50.0		71.4		54.8		78.4		60.2		86.0		66.0		95.5		73.3		106.0		81.4		117.7		90.4		130.7		100.3		145.1		111.4		161.1		123.7		178.9		137.3

		8		60.01		37.1		21.4		40.7		23.5		44.7		25.8		49.0		28.3		53.8		31.1		59.0		34.1		64.8		37.4		71.1		41.0		78.0		45.0		85.6		49.4		93.9		54.2		104.2		60.2		115.7		66.8		128.5		74.2		142.7		82.4		158.4		91.5		175.9		101.6		195.3		112.8

		9		67.51		39.6		16.4		43.4		18.0		47.7		19.7		52.3		21.7		57.4		23.8		63.0		26.1		69.1		28.6		75.8		31.4		83.2		34.5		91.3		37.8		100.2		41.5		111.2		46.1		123.5		51.2		137.1		56.8		152.2		63.1		169.0		70.0		187.7		77.8		208.4		86.3

		10		75.02		41.4		11.1		45.4		12.2		49.8		13.4		54.7		14.7		60.0		16.1		65.8		17.6		72.2		19.4		79.3		21.2		87.0		23.3		95.4		25.6		104.7		28.1		116.3		31.2		129.1		34.6		143.3		38.4		159.2		42.7		176.7		47.4		196.2		52.6		217.9		58.4

		11		82.52		42.5		5.6		46.6		6.1		51.2		6.7		56.1		7.4		61.6		8.1		67.6		8.9		74.2		9.8		81.4		10.7		89.3		11.8		98.0		12.9		107.5		14.2		119.4		15.7		132.5		17.4		147.1		19.4		163.4		21.5		181.4		23.9		201.4		26.5		223.6		29.4

		12		90.02		42.9		0.0		47.0		0.0		51.6		0.0		56.6		0.0		62.1		0.0		68.2		0.0		74.8		0.0		82.1		0.0		90.1		0.0		98.8		0.0		108.4		0.0		120.4		0.0		133.7		0.0		148.4		0.0		164.8		0.0		183.0		0.0		203.1		0.0		225.6		0.0

		13		97.52		42.5		-5.6		46.6		-6.1		51.2		-6.7		56.1		-7.4		61.6		-8.1		67.6		-8.9		74.2		-9.8		81.4		-10.7		89.3		-11.8		98.0		-12.9		107.5		-14.2		119.4		-15.7		132.5		-17.4		147.1		-19.4		163.4		-21.5		181.4		-23.9		201.4		-26.5		223.6		-29.4

		14		105.02		41.4		-11.1		45.4		-12.2		49.8		-13.4		54.7		-14.7		60.0		-16.1		65.8		-17.6		72.2		-19.4		79.3		-21.2		87.0		-23.3		95.4		-25.6		104.7		-28.1		116.3		-31.2		129.1		-34.6		143.3		-38.4		159.2		-42.7		176.7		-47.4		196.2		-52.6		217.9		-58.4

		15		112.52		39.6		-16.4		43.4		-18.0		47.7		-19.7		52.3		-21.7		57.4		-23.8		63.0		-26.1		69.1		-28.6		75.8		-31.4		83.2		-34.5		91.3		-37.8		100.2		-41.5		111.2		-46.1		123.5		-51.2		137.1		-56.8		152.2		-63.1		169.0		-70.0		187.7		-77.8		208.4		-86.3

		16		120.02		37.1		-21.4		40.7		-23.5		44.7		-25.8		49.0		-28.3		53.8		-31.1		59.0		-34.1		64.8		-37.4		71.1		-41.0		78.0		-45.0		85.6		-49.4		93.9		-54.2		104.2		-60.2		115.7		-66.8		128.5		-74.2		142.7		-82.4		158.4		-91.5		175.9		-101.6		195.3		-112.8

		17		127.53		34.0		-26.1		37.3		-28.6		40.9		-31.4		44.9		-34.5		49.3		-37.8		54.1		-41.5		59.3		-45.5		65.1		-50.0		71.4		-54.8		78.4		-60.2		86.0		-66.0		95.5		-73.3		106.0		-81.4		117.7		-90.4		130.7		-100.3		145.1		-111.4		161.1		-123.7		178.9		-137.3

		18		135.03		30.3		-30.3		33.2		-33.3		36.5		-36.5		40.0		-40.0		43.9		-43.9		48.2		-48.2		52.9		-52.9		58.0		-58.0		63.7		-63.7		69.9		-69.9		76.7		-76.7		85.1		-85.1		94.5		-94.5		104.9		-105.0		116.5		-116.5		129.4		-129.4		143.6		-143.7		159.5		-159.5

		19		142.53		26.1		-34.0		28.6		-37.3		31.4		-40.9		34.5		-44.9		37.8		-49.3		41.5		-54.1		45.5		-59.3		49.9		-65.1		54.8		-71.5		60.1		-78.4		66.0		-86.0		73.3		-95.5		81.3		-106.1		90.3		-117.8		100.3		-130.7		111.4		-145.2		123.6		-161.2		137.3		-179.0

		20		150.03		21.4		-37.1		23.5		-40.7		25.8		-44.7		28.3		-49.0		31.0		-53.8		34.1		-59.0		37.4		-64.8		41.0		-71.1		45.0		-78.0		49.4		-85.6		54.2		-93.9		60.2		-104.3		66.8		-115.8		74.2		-128.5		82.4		-142.7		91.4		-158.5		101.5		-175.9		112.7		-195.4

		21		157.53		16.4		-39.6		18.0		-43.4		19.7		-47.7		21.7		-52.3		23.8		-57.4		26.1		-63.0		28.6		-69.1		31.4		-75.8		34.4		-83.2		37.8		-91.3		41.5		-100.2		46.0		-111.2		51.1		-123.5		56.8		-137.1		63.0		-152.3		70.0		-169.0		77.7		-187.7		86.3		-208.4

		22		165.03		11.1		-41.4		12.2		-45.4		13.3		-49.8		14.6		-54.7		16.1		-60.0		17.6		-65.8		19.3		-72.3		21.2		-79.3		23.3		-87.0		25.5		-95.5		28.0		-104.7		31.1		-116.3		34.6		-129.1		38.4		-143.4		42.6		-159.2		47.3		-176.7		52.5		-196.2		58.3		-217.9

		23		172.53		5.6		-42.5		6.1		-46.6		6.7		-51.2		7.4		-56.1		8.1		-61.6		8.9		-67.6		9.7		-74.2		10.7		-81.4		11.7		-89.3		12.9		-98.0		14.1		-107.5		15.7		-119.4		17.4		-132.5		19.3		-147.1		21.5		-163.4		23.8		-181.4		26.5		-201.4		29.4		-223.6

		24		180.04		-0.0		-42.9		-0.0		-47.0		-0.0		-51.6		-0.0		-56.6		-0.0		-62.1		-0.0		-68.2		-0.0		-74.8		-0.0		-82.1		-0.0		-90.1		-0.0		-98.8		-0.0		-108.4		-0.0		-120.4		-0.0		-133.7		-0.0		-148.4		-0.1		-164.8		-0.1		-183.0		-0.1		-203.1		-0.1		-225.6

		25		187.54		-5.6		-42.5		-6.1		-46.6		-6.7		-51.2		-7.4		-56.1		-8.1		-61.6		-8.9		-67.6		-9.7		-74.2		-10.7		-81.4		-11.7		-89.3		-12.9		-98.0		-14.1		-107.5		-15.7		-119.4		-17.4		-132.5		-19.3		-147.1		-21.5		-163.4		-23.8		-181.4		-26.5		-201.4		-29.4		-223.6

		26		195.04		-11.1		-41.4		-12.2		-45.4		-13.3		-49.8		-14.6		-54.7		-16.1		-60.0		-17.6		-65.8		-19.3		-72.3		-21.2		-79.3		-23.3		-87.0		-25.5		-95.5		-28.0		-104.7		-31.1		-116.3		-34.6		-129.1		-38.4		-143.4		-42.6		-159.2		-47.3		-176.7		-52.5		-196.2		-58.3		-217.9

		27		202.54		-16.4		-39.6		-18.0		-43.4		-19.7		-47.7		-21.7		-52.3		-23.8		-57.4		-26.1		-63.0		-28.6		-69.1		-31.4		-75.8		-34.4		-83.2		-37.8		-91.3		-41.5		-100.2		-46.0		-111.2		-51.1		-123.5		-56.8		-137.1		-63.0		-152.3		-70.0		-169.0		-77.7		-187.7		-86.3		-208.4

		28		210.04		-21.4		-37.1		-23.5		-40.7		-25.8		-44.7		-28.3		-49.0		-31.0		-53.8		-34.1		-59.0		-37.4		-64.8		-41.0		-71.1		-45.0		-78.0		-49.4		-85.6		-54.2		-93.9		-60.2		-104.3		-66.8		-115.8		-74.2		-128.5		-82.4		-142.7		-91.4		-158.5		-101.5		-175.9		-112.7		-195.4

		29		217.54		-26.1		-34.0		-28.6		-37.3		-31.4		-40.9		-34.5		-44.9		-37.8		-49.3		-41.5		-54.1		-45.5		-59.3		-49.9		-65.1		-54.8		-71.5		-60.1		-78.4		-66.0		-86.0		-73.3		-95.5		-81.3		-106.1		-90.3		-117.8		-100.3		-130.7		-111.4		-145.2		-123.6		-161.2		-137.3		-179.0

		30		225.05		-30.3		-30.3		-33.2		-33.3		-36.5		-36.5		-40.0		-40.0		-43.9		-43.9		-48.2		-48.2		-52.9		-52.9		-58.0		-58.0		-63.7		-63.7		-69.9		-69.9		-76.7		-76.7		-85.1		-85.1		-94.5		-94.5		-104.9		-105.0		-116.5		-116.5		-129.4		-129.4		-143.6		-143.7		-159.5		-159.5

		31		232.55		-34.0		-26.1		-37.3		-28.6		-40.9		-31.4		-44.9		-34.5		-49.3		-37.8		-54.1		-41.5		-59.3		-45.5		-65.1		-50.0		-71.4		-54.8		-78.4		-60.2		-86.0		-66.0		-95.5		-73.3		-106.0		-81.4		-117.7		-90.4		-130.7		-100.3		-145.1		-111.4		-161.1		-123.7		-178.9		-137.3

		32		240.05		-37.1		-21.4		-40.7		-23.5		-44.7		-25.8		-49.0		-28.3		-53.8		-31.1		-59.0		-34.1		-64.8		-37.4		-71.1		-41.0		-78.0		-45.0		-85.6		-49.4		-93.9		-54.2		-104.2		-60.2		-115.7		-66.8		-128.5		-74.2		-142.7		-82.4		-158.4		-91.5		-175.9		-101.6		-195.3		-112.8

		33		247.55		-39.6		-16.4		-43.4		-18.0		-47.7		-19.7		-52.3		-21.7		-57.4		-23.8		-63.0		-26.1		-69.1		-28.6		-75.8		-31.4		-83.2		-34.5		-91.3		-37.8		-100.2		-41.5		-111.2		-46.1		-123.5		-51.2		-137.1		-56.8		-152.2		-63.1		-169.0		-70.0		-187.7		-77.8		-208.4		-86.3

		34		255.05		-41.4		-11.1		-45.4		-12.2		-49.8		-13.4		-54.7		-14.7		-60.0		-16.1		-65.8		-17.6		-72.2		-19.4		-79.3		-21.2		-87.0		-23.3		-95.4		-25.6		-104.7		-28.1		-116.3		-31.2		-129.1		-34.6		-143.3		-38.4		-159.2		-42.7		-176.7		-47.4		-196.2		-52.6		-217.9		-58.4

		35		262.55		-42.5		-5.6		-46.6		-6.1		-51.2		-6.7		-56.1		-7.4		-61.6		-8.1		-67.6		-8.9		-74.2		-9.8		-81.4		-10.7		-89.3		-11.8		-98.0		-12.9		-107.5		-14.2		-119.4		-15.7		-132.5		-17.4		-147.1		-19.4		-163.4		-21.5		-181.4		-23.9		-201.4		-26.5		-223.6		-29.4

		36		270.05		-42.9		0.0		-47.0		0.0		-51.6		0.0		-56.6		0.0		-62.1		0.0		-68.2		0.0		-74.8		0.0		-82.1		0.0		-90.1		0.0		-98.8		0.0		-108.4		0.0		-120.4		0.0		-133.7		0.0		-148.4		0.0		-164.8		0.0		-183.0		0.0		-203.1		0.0		-225.6		0.0

		37		277.56		-42.5		5.6		-46.6		6.1		-51.2		6.7		-56.1		7.4		-61.6		8.1		-67.6		8.9		-74.2		9.8		-81.4		10.7		-89.3		11.8		-98.0		12.9		-107.5		14.2		-119.4		15.7		-132.5		17.4		-147.1		19.4		-163.4		21.5		-181.4		23.9		-201.4		26.5		-223.6		29.4

		38		285.06		-41.4		11.1		-45.4		12.2		-49.8		13.4		-54.7		14.7		-60.0		16.1		-65.8		17.6		-72.2		19.4		-79.3		21.2		-87.0		23.3		-95.4		25.6		-104.7		28.1		-116.3		31.2		-129.1		34.6		-143.3		38.4		-159.2		42.7		-176.7		47.4		-196.2		52.6		-217.9		58.4

		39		292.56		-39.6		16.4		-43.4		18.0		-47.7		19.7		-52.3		21.7		-57.4		23.8		-63.0		26.1		-69.1		28.6		-75.8		31.4		-83.2		34.5		-91.3		37.8		-100.2		41.5		-111.2		46.1		-123.5		51.2		-137.1		56.8		-152.2		63.1		-169.0		70.0		-187.7		77.8		-208.4		86.3

		40		300.06		-37.1		21.4		-40.7		23.5		-44.7		25.8		-49.0		28.3		-53.8		31.1		-59.0		34.1		-64.8		37.4		-71.1		41.0		-78.0		45.0		-85.6		49.4		-93.9		54.2		-104.2		60.2		-115.7		66.8		-128.5		74.2		-142.7		82.4		-158.4		91.5		-175.9		101.6		-195.3		112.8

		41		307.56		-34.0		26.1		-37.3		28.6		-40.9		31.4		-44.9		34.5		-49.3		37.8		-54.1		41.5		-59.3		45.5		-65.1		50.0		-71.4		54.8		-78.4		60.2		-86.0		66.0		-95.5		73.3		-106.0		81.4		-117.7		90.4		-130.7		100.3		-145.1		111.4		-161.1		123.7		-178.9		137.3

		42		315.06		-30.3		30.3		-33.2		33.3		-36.5		36.5		-40.0		40.0		-43.9		43.9		-48.2		48.2		-52.9		52.9		-58.0		58.0		-63.7		63.7		-69.9		69.9		-76.7		76.7		-85.1		85.1		-94.5		94.5		-104.9		105.0		-116.5		116.5		-129.4		129.4		-143.6		143.7		-159.5		159.5

		43		322.56		-26.1		34.0		-28.6		37.3		-31.4		40.9		-34.5		44.9		-37.8		49.3		-41.5		54.1		-45.5		59.3		-49.9		65.1		-54.8		71.5		-60.1		78.4		-66.0		86.0		-73.3		95.5		-81.3		106.1		-90.3		117.8		-100.3		130.7		-111.4		145.2		-123.6		161.2		-137.3		179.0

		44		330.07		-21.4		37.1		-23.5		40.7		-25.8		44.7		-28.3		49.0		-31.0		53.8		-34.1		59.0		-37.4		64.8		-41.0		71.1		-45.0		78.0		-49.4		85.6		-54.2		93.9		-60.2		104.3		-66.8		115.8		-74.2		128.5		-82.4		142.7		-91.4		158.5		-101.5		175.9		-112.7		195.4

		45		337.57		-16.4		39.6		-18.0		43.4		-19.7		47.7		-21.7		52.3		-23.8		57.4		-26.1		63.0		-28.6		69.1		-31.4		75.8		-34.4		83.2		-37.8		91.3		-41.5		100.2		-46.0		111.2		-51.1		123.5		-56.8		137.1		-63.0		152.3		-70.0		169.0		-77.7		187.7		-86.3		208.4

		46		345.07		-11.1		41.4		-12.2		45.4		-13.3		49.8		-14.6		54.7		-16.1		60.0		-17.6		65.8		-19.3		72.3		-21.2		79.3		-23.3		87.0		-25.5		95.5		-28.0		104.7		-31.1		116.3		-34.6		129.1		-38.4		143.4		-42.6		159.2		-47.3		176.7		-52.5		196.2		-58.3		217.9

		47		352.57		-5.6		42.5		-6.1		46.6		-6.7		51.2		-7.4		56.1		-8.1		61.6		-8.9		67.6		-9.7		74.2		-10.7		81.4		-11.7		89.3		-12.9		98.0		-14.1		107.5		-15.7		119.4		-17.4		132.5		-19.3		147.1		-21.5		163.4		-23.8		181.4		-26.5		201.4		-29.4		223.6

		48		360.07		-0.0		42.9		-0.0		47.0		-0.0		51.6		-0.0		56.6		-0.0		62.1		-0.0		68.2		-0.0		74.8		-0.0		82.1		-0.0		90.1		-0.0		98.8		-0.0		108.4		-0.0		120.4		-0.0		133.7		-0.0		148.4		-0.1		164.8		-0.1		183.0		-0.1		203.1		-0.1		225.6





Plot Square

		Nelder Plot Designs

						West				East

						Xpost		Ypost		Xpost		Ypost

				North		0		180		180		180

				South		0		0		180		0

				Xoffset		230

				Yoffset		230

				#Trees/acre		1,949				1,619				1,344				1,117				927				770				640				531				441				367				304				247				200				163				132				107				87				70

						1				2				3				4				5				6				7				8				9				10				11				12				13				14				15				16				17				18						1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18				1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18

		Spoke		Angle		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Xpt		Ypt		Spoke		Xpt		Xpt		Xpt		Xpt		Xpt		Xpt		Xpt		Xpt		Xpt		Xpt		Xpt		Xpt		Xpt		Xpt		Xpt		Xpt		Xpt		Xpt		Spoke		Ypt		Ypt		Ypt		Ypt		Ypt		Ypt		Ypt		Ypt		Ypt		Ypt		Ypt		Ypt		Ypt		Ypt		Ypt		Ypt		Ypt		Ypt

		0		0.00		230.0		272.9		230.0		277.0		230.0		281.6		230.0		286.6		230.0		292.1		230.0		298.2		230.0		304.8		230.0		312.1		230.0		320.1		230.0		328.8		230.0		338.4		230.0		350.4		230.0		363.7		230.0		378.4		229.9		394.8		229.9		413.0		229.9		433.1		229.9		455.6		0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		229.9		229.9		229.9		229.9		0		272.9		277.0		281.6		286.6		292.1		298.2		304.8		312.1		320.1		328.8		338.4		350.4		363.7		378.4		394.8		413.0		433.1		455.6

		1		7.50		235.6		272.5		236.1		276.6		236.7		281.2		237.4		286.1		238.1		291.6		238.9		297.6		239.7		304.2		240.7		311.4		241.7		319.3		242.9		328.0		244.1		337.5		245.7		349.4		247.4		362.5		249.3		377.1		251.5		393.4		253.8		411.4		256.5		431.4		259.4		453.6		1		235.6		236.1		236.7		237.4		238.1		238.9		239.7		240.7		241.7		242.9		244.1		245.7		247.4		249.3		251.5		253.8		256.5		259.4		1		272.5		276.6		281.2		286.1		291.6		297.6		304.2		311.4		319.3		328.0		337.5		349.4		362.5		377.1		393.4		411.4		431.4		453.6

		2		15.00		241.1		271.4		242.2		275.4		243.3		279.8		244.6		284.7		246.1		290.0		247.6		295.8		249.3		302.3		251.2		309.3		253.3		317.0		255.5		325.5		258.0		334.7		261.1		346.3		264.6		359.1		268.4		373.4		272.6		389.2		277.3		406.7		282.5		426.2		288.3		447.9		2		241.1		242.2		243.3		244.6		246.1		247.6		249.3		251.2		253.3		255.5		258.0		261.1		264.6		268.4		272.6		277.3		282.5		288.3		2		271.4		275.4		279.8		284.7		290.0		295.8		302.3		309.3		317.0		325.5		334.7		346.3		359.1		373.4		389.2		406.7		426.2		447.9

		3		22.50		246.4		269.6		248.0		273.4		249.7		277.7		251.7		282.3		253.8		287.4		256.1		293.0		258.6		299.1		261.4		305.8		264.4		313.2		267.8		321.3		271.5		330.2		276.0		341.2		281.1		353.5		286.8		367.1		293.0		382.3		300.0		399.0		307.7		417.7		316.3		438.4		3		246.4		248.0		249.7		251.7		253.8		256.1		258.6		261.4		264.4		267.8		271.5		276.0		281.1		286.8		293.0		300.0		307.7		316.3		3		269.6		273.4		277.7		282.3		287.4		293.0		299.1		305.8		313.2		321.3		330.2		341.2		353.5		367.1		382.3		399.0		417.7		438.4

		4		30.01		251.4		267.1		253.5		270.7		255.8		274.7		258.3		279.0		261.0		283.8		264.1		289.0		267.4		294.8		271.0		301.1		275.0		308.0		279.4		315.6		284.2		323.9		290.2		334.3		296.8		345.8		304.2		358.5		312.4		372.7		321.4		388.5		331.5		405.9		342.7		425.4		4		251.4		253.5		255.8		258.3		261.0		264.1		267.4		271.0		275.0		279.4		284.2		290.2		296.8		304.2		312.4		321.4		331.5		342.7		4		267.1		270.7		274.7		279.0		283.8		289.0		294.8		301.1		308.0		315.6		323.9		334.3		345.8		358.5		372.7		388.5		405.9		425.4

		5		37.51		256.1		264.0		258.6		267.3		261.4		270.9		264.5		274.9		267.8		279.3		271.5		284.1		275.5		289.3		279.9		295.1		284.8		301.5		290.1		308.4		296.0		316.0		303.3		325.5		311.3		336.1		320.3		347.8		330.3		360.7		341.4		375.2		353.6		391.2		367.3		409.0		5		256.1		258.6		261.4		264.5		267.8		271.5		275.5		279.9		284.8		290.1		296.0		303.3		311.3		320.3		330.3		341.4		353.6		367.3		5		264.0		267.3		270.9		274.9		279.3		284.1		289.3		295.1		301.5		308.4		316.0		325.5		336.1		347.8		360.7		375.2		391.2		409.0

		6		45.01		260.3		260.3		263.2		263.3		266.5		266.5		270.0		270.0		273.9		273.9		278.2		278.2		282.9		282.9		288.0		288.0		293.7		293.7		299.9		299.9		306.7		306.7		315.1		315.1		324.5		324.5		334.9		335.0		346.5		346.5		359.4		359.4		373.6		373.7		389.5		389.5		6		260.3		263.2		266.5		270.0		273.9		278.2		282.9		288.0		293.7		299.9		306.7		315.1		324.5		334.9		346.5		359.4		373.6		389.5		6		260.3		263.3		266.5		270.0		273.9		278.2		282.9		288.0		293.7		299.9		306.7		315.1		324.5		335.0		346.5		359.4		373.7		389.5

		7		52.51		264.0		256.1		267.3		258.6		270.9		261.4		274.9		264.5		279.3		267.8		284.1		271.5		289.3		275.5		295.1		280.0		301.4		284.8		308.4		290.2		316.0		296.0		325.5		303.3		336.0		311.4		347.7		320.4		360.7		330.3		375.1		341.4		391.1		353.7		408.9		367.3		7		264.0		267.3		270.9		274.9		279.3		284.1		289.3		295.1		301.4		308.4		316.0		325.5		336.0		347.7		360.7		375.1		391.1		408.9		7		256.1		258.6		261.4		264.5		267.8		271.5		275.5		280.0		284.8		290.2		296.0		303.3		311.4		320.4		330.3		341.4		353.7		367.3

		8		60.01		267.1		251.4		270.7		253.5		274.7		255.8		279.0		258.3		283.8		261.1		289.0		264.1		294.8		267.4		301.1		271.0		308.0		275.0		315.6		279.4		323.9		284.2		334.2		290.2		345.7		296.8		358.5		304.2		372.7		312.4		388.4		321.5		405.9		331.6		425.3		342.8		8		267.1		270.7		274.7		279.0		283.8		289.0		294.8		301.1		308.0		315.6		323.9		334.2		345.7		358.5		372.7		388.4		405.9		425.3		8		251.4		253.5		255.8		258.3		261.1		264.1		267.4		271.0		275.0		279.4		284.2		290.2		296.8		304.2		312.4		321.5		331.6		342.8

		9		67.51		269.6		246.4		273.4		248.0		277.7		249.7		282.3		251.7		287.4		253.8		293.0		256.1		299.1		258.6		305.8		261.4		313.2		264.5		321.3		267.8		330.2		271.5		341.2		276.1		353.5		281.2		367.1		286.8		382.2		293.1		399.0		300.0		417.7		307.8		438.4		316.3		9		269.6		273.4		277.7		282.3		287.4		293.0		299.1		305.8		313.2		321.3		330.2		341.2		353.5		367.1		382.2		399.0		417.7		438.4		9		246.4		248.0		249.7		251.7		253.8		256.1		258.6		261.4		264.5		267.8		271.5		276.1		281.2		286.8		293.1		300.0		307.8		316.3

		10		75.02		271.4		241.1		275.4		242.2		279.8		243.4		284.7		244.7		290.0		246.1		295.8		247.6		302.2		249.4		309.3		251.2		317.0		253.3		325.4		255.6		334.7		258.1		346.3		261.2		359.1		264.6		373.3		268.4		389.2		272.7		406.7		277.4		426.2		282.6		447.9		288.4		10		271.4		275.4		279.8		284.7		290.0		295.8		302.2		309.3		317.0		325.4		334.7		346.3		359.1		373.3		389.2		406.7		426.2		447.9		10		241.1		242.2		243.4		244.7		246.1		247.6		249.4		251.2		253.3		255.6		258.1		261.2		264.6		268.4		272.7		277.4		282.6		288.4

		11		82.52		272.5		235.6		276.6		236.1		281.2		236.7		286.1		237.4		291.6		238.1		297.6		238.9		304.2		239.8		311.4		240.7		319.3		241.8		328.0		242.9		337.5		244.2		349.4		245.7		362.5		247.4		377.1		249.4		393.4		251.5		411.4		253.9		431.4		256.5		453.6		259.4		11		272.5		276.6		281.2		286.1		291.6		297.6		304.2		311.4		319.3		328.0		337.5		349.4		362.5		377.1		393.4		411.4		431.4		453.6		11		235.6		236.1		236.7		237.4		238.1		238.9		239.8		240.7		241.8		242.9		244.2		245.7		247.4		249.4		251.5		253.9		256.5		259.4

		12		90.02		272.9		230.0		277.0		230.0		281.6		230.0		286.6		230.0		292.1		230.0		298.2		230.0		304.8		230.0		312.1		230.0		320.1		230.0		328.8		230.0		338.4		230.0		350.4		230.0		363.7		230.0		378.4		230.0		394.8		230.0		413.0		230.0		433.1		230.0		455.6		230.0		12		272.9		277.0		281.6		286.6		292.1		298.2		304.8		312.1		320.1		328.8		338.4		350.4		363.7		378.4		394.8		413.0		433.1		455.6		12		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0

		13		97.52		272.5		224.4		276.6		223.9		281.2		223.3		286.1		222.6		291.6		221.9		297.6		221.1		304.2		220.2		311.4		219.3		319.3		218.2		328.0		217.1		337.5		215.8		349.4		214.3		362.5		212.6		377.1		210.6		393.4		208.5		411.4		206.1		431.4		203.5		453.6		200.6		13		272.5		276.6		281.2		286.1		291.6		297.6		304.2		311.4		319.3		328.0		337.5		349.4		362.5		377.1		393.4		411.4		431.4		453.6		13		224.4		223.9		223.3		222.6		221.9		221.1		220.2		219.3		218.2		217.1		215.8		214.3		212.6		210.6		208.5		206.1		203.5		200.6

		14		105.02		271.4		218.9		275.4		217.8		279.8		216.6		284.7		215.3		290.0		213.9		295.8		212.4		302.2		210.6		309.3		208.8		317.0		206.7		325.4		204.4		334.7		201.9		346.3		198.8		359.1		195.4		373.3		191.6		389.2		187.3		406.7		182.6		426.2		177.4		447.9		171.6		14		271.4		275.4		279.8		284.7		290.0		295.8		302.2		309.3		317.0		325.4		334.7		346.3		359.1		373.3		389.2		406.7		426.2		447.9		14		218.9		217.8		216.6		215.3		213.9		212.4		210.6		208.8		206.7		204.4		201.9		198.8		195.4		191.6		187.3		182.6		177.4		171.6

		15		112.52		269.6		213.6		273.4		212.0		277.7		210.3		282.3		208.3		287.4		206.2		293.0		203.9		299.1		201.4		305.8		198.6		313.2		195.5		321.3		192.2		330.2		188.5		341.2		183.9		353.5		178.8		367.1		173.2		382.2		166.9		399.0		160.0		417.7		152.2		438.4		143.7		15		269.6		273.4		277.7		282.3		287.4		293.0		299.1		305.8		313.2		321.3		330.2		341.2		353.5		367.1		382.2		399.0		417.7		438.4		15		213.6		212.0		210.3		208.3		206.2		203.9		201.4		198.6		195.5		192.2		188.5		183.9		178.8		173.2		166.9		160.0		152.2		143.7

		16		120.02		267.1		208.6		270.7		206.5		274.7		204.2		279.0		201.7		283.8		198.9		289.0		195.9		294.8		192.6		301.1		189.0		308.0		185.0		315.6		180.6		323.9		175.8		334.2		169.8		345.7		163.2		358.5		155.8		372.7		147.6		388.4		138.5		405.9		128.4		425.3		117.2		16		267.1		270.7		274.7		279.0		283.8		289.0		294.8		301.1		308.0		315.6		323.9		334.2		345.7		358.5		372.7		388.4		405.9		425.3		16		208.6		206.5		204.2		201.7		198.9		195.9		192.6		189.0		185.0		180.6		175.8		169.8		163.2		155.8		147.6		138.5		128.4		117.2

		17		127.53		264.0		203.9		267.3		201.4		270.9		198.6		274.9		195.5		279.3		192.2		284.1		188.5		289.3		184.5		295.1		180.0		301.4		175.2		308.4		169.8		316.0		164.0		325.5		156.7		336.0		148.6		347.7		139.6		360.7		129.7		375.1		118.6		391.1		106.3		408.9		92.7		17		264.0		267.3		270.9		274.9		279.3		284.1		289.3		295.1		301.4		308.4		316.0		325.5		336.0		347.7		360.7		375.1		391.1		408.9		17		203.9		201.4		198.6		195.5		192.2		188.5		184.5		180.0		175.2		169.8		164.0		156.7		148.6		139.6		129.7		118.6		106.3		92.7

		18		135.03		260.3		199.7		263.2		196.7		266.5		193.5		270.0		190.0		273.9		186.1		278.2		181.8		282.9		177.1		288.0		172.0		293.7		166.3		299.9		160.1		306.7		153.3		315.1		144.9		324.5		135.5		334.9		125.0		346.5		113.5		359.4		100.6		373.6		86.3		389.5		70.5		18		260.3		263.2		266.5		270.0		273.9		278.2		282.9		288.0		293.7		299.9		306.7		315.1		324.5		334.9		346.5		359.4		373.6		389.5		18		199.7		196.7		193.5		190.0		186.1		181.8		177.1		172.0		166.3		160.1		153.3		144.9		135.5		125.0		113.5		100.6		86.3		70.5

		19		142.53		256.1		196.0		258.6		192.7		261.4		189.1		264.5		185.1		267.8		180.7		271.5		175.9		275.5		170.7		279.9		164.9		284.8		158.5		290.1		151.6		296.0		144.0		303.3		134.5		311.3		123.9		320.3		112.2		330.3		99.3		341.4		84.8		353.6		68.8		367.3		51.0		19		256.1		258.6		261.4		264.5		267.8		271.5		275.5		279.9		284.8		290.1		296.0		303.3		311.3		320.3		330.3		341.4		353.6		367.3		19		196.0		192.7		189.1		185.1		180.7		175.9		170.7		164.9		158.5		151.6		144.0		134.5		123.9		112.2		99.3		84.8		68.8		51.0

		20		150.03		251.4		192.9		253.5		189.3		255.8		185.3		258.3		181.0		261.0		176.2		264.1		171.0		267.4		165.2		271.0		158.9		275.0		152.0		279.4		144.4		284.2		136.1		290.2		125.7		296.8		114.2		304.2		101.5		312.4		87.3		321.4		71.5		331.5		54.1		342.7		34.6		20		251.4		253.5		255.8		258.3		261.0		264.1		267.4		271.0		275.0		279.4		284.2		290.2		296.8		304.2		312.4		321.4		331.5		342.7		20		192.9		189.3		185.3		181.0		176.2		171.0		165.2		158.9		152.0		144.4		136.1		125.7		114.2		101.5		87.3		71.5		54.1		34.6

		21		157.53		246.4		190.4		248.0		186.6		249.7		182.3		251.7		177.7		253.8		172.6		256.1		167.0		258.6		160.9		261.4		154.2		264.4		146.8		267.8		138.7		271.5		129.8		276.0		118.8		281.1		106.5		286.8		92.9		293.0		77.7		300.0		61.0		307.7		42.3		316.3		21.6		21		246.4		248.0		249.7		251.7		253.8		256.1		258.6		261.4		264.4		267.8		271.5		276.0		281.1		286.8		293.0		300.0		307.7		316.3		21		190.4		186.6		182.3		177.7		172.6		167.0		160.9		154.2		146.8		138.7		129.8		118.8		106.5		92.9		77.7		61.0		42.3		21.6

		22		165.03		241.1		188.6		242.2		184.6		243.3		180.2		244.6		175.3		246.1		170.0		247.6		164.2		249.3		157.7		251.2		150.7		253.3		143.0		255.5		134.5		258.0		125.3		261.1		113.7		264.6		100.9		268.4		86.6		272.6		70.8		277.3		53.3		282.5		33.8		288.3		12.1		22		241.1		242.2		243.3		244.6		246.1		247.6		249.3		251.2		253.3		255.5		258.0		261.1		264.6		268.4		272.6		277.3		282.5		288.3		22		188.6		184.6		180.2		175.3		170.0		164.2		157.7		150.7		143.0		134.5		125.3		113.7		100.9		86.6		70.8		53.3		33.8		12.1

		23		172.53		235.6		187.5		236.1		183.4		236.7		178.8		237.4		173.9		238.1		168.4		238.9		162.4		239.7		155.8		240.7		148.6		241.7		140.7		242.9		132.0		244.1		122.5		245.7		110.6		247.4		97.5		249.3		82.9		251.5		66.6		253.8		48.6		256.5		28.6		259.4		6.4		23		235.6		236.1		236.7		237.4		238.1		238.9		239.7		240.7		241.7		242.9		244.1		245.7		247.4		249.3		251.5		253.8		256.5		259.4		23		187.5		183.4		178.8		173.9		168.4		162.4		155.8		148.6		140.7		132.0		122.5		110.6		97.5		82.9		66.6		48.6		28.6		6.4

		24		180.04		230.0		187.1		230.0		183.0		230.0		178.4		230.0		173.4		230.0		167.9		230.0		161.8		230.0		155.2		230.0		147.9		230.0		139.9		230.0		131.2		230.0		121.6		230.0		109.6		230.0		96.3		230.0		81.6		229.9		65.2		229.9		47.0		229.9		26.9		229.9		4.4		24		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		229.9		229.9		229.9		229.9		24		187.1		183.0		178.4		173.4		167.9		161.8		155.2		147.9		139.9		131.2		121.6		109.6		96.3		81.6		65.2		47.0		26.9		4.4

		25		187.54		224.4		187.5		223.9		183.4		223.3		178.8		222.6		173.9		221.9		168.4		221.1		162.4		220.3		155.8		219.3		148.6		218.3		140.7		217.1		132.0		215.9		122.5		214.3		110.6		212.6		97.5		210.7		82.9		208.5		66.6		206.2		48.6		203.5		28.6		200.6		6.4		25		224.4		223.9		223.3		222.6		221.9		221.1		220.3		219.3		218.3		217.1		215.9		214.3		212.6		210.7		208.5		206.2		203.5		200.6		25		187.5		183.4		178.8		173.9		168.4		162.4		155.8		148.6		140.7		132.0		122.5		110.6		97.5		82.9		66.6		48.6		28.6		6.4

		26		195.04		218.9		188.6		217.8		184.6		216.7		180.2		215.4		175.3		213.9		170.0		212.4		164.2		210.7		157.7		208.8		150.7		206.7		143.0		204.5		134.5		202.0		125.3		198.9		113.7		195.4		100.9		191.6		86.6		187.4		70.8		182.7		53.3		177.5		33.8		171.7		12.1		26		218.9		217.8		216.7		215.4		213.9		212.4		210.7		208.8		206.7		204.5		202.0		198.9		195.4		191.6		187.4		182.7		177.5		171.7		26		188.6		184.6		180.2		175.3		170.0		164.2		157.7		150.7		143.0		134.5		125.3		113.7		100.9		86.6		70.8		53.3		33.8		12.1

		27		202.54		213.6		190.4		212.0		186.6		210.3		182.3		208.3		177.7		206.2		172.6		203.9		167.0		201.4		160.9		198.6		154.2		195.6		146.8		192.2		138.7		188.5		129.8		184.0		118.8		178.9		106.5		173.2		92.9		167.0		77.7		160.0		61.0		152.3		42.3		143.7		21.6		27		213.6		212.0		210.3		208.3		206.2		203.9		201.4		198.6		195.6		192.2		188.5		184.0		178.9		173.2		167.0		160.0		152.3		143.7		27		190.4		186.6		182.3		177.7		172.6		167.0		160.9		154.2		146.8		138.7		129.8		118.8		106.5		92.9		77.7		61.0		42.3		21.6

		28		210.04		208.6		192.9		206.5		189.3		204.2		185.3		201.7		181.0		199.0		176.2		195.9		171.0		192.6		165.2		189.0		158.9		185.0		152.0		180.6		144.4		175.8		136.1		169.8		125.7		163.2		114.2		155.8		101.5		147.6		87.3		138.6		71.5		128.5		54.1		117.3		34.6		28		208.6		206.5		204.2		201.7		199.0		195.9		192.6		189.0		185.0		180.6		175.8		169.8		163.2		155.8		147.6		138.6		128.5		117.3		28		192.9		189.3		185.3		181.0		176.2		171.0		165.2		158.9		152.0		144.4		136.1		125.7		114.2		101.5		87.3		71.5		54.1		34.6

		29		217.54		203.9		196.0		201.4		192.7		198.6		189.1		195.5		185.1		192.2		180.7		188.5		175.9		184.5		170.7		180.1		164.9		175.2		158.5		169.9		151.6		164.0		144.0		156.7		134.5		148.7		123.9		139.7		112.2		129.7		99.3		118.6		84.8		106.4		68.8		92.7		51.0		29		203.9		201.4		198.6		195.5		192.2		188.5		184.5		180.1		175.2		169.9		164.0		156.7		148.7		139.7		129.7		118.6		106.4		92.7		29		196.0		192.7		189.1		185.1		180.7		175.9		170.7		164.9		158.5		151.6		144.0		134.5		123.9		112.2		99.3		84.8		68.8		51.0

		30		225.05		199.7		199.7		196.8		196.7		193.5		193.5		190.0		190.0		186.1		186.1		181.8		181.8		177.1		177.1		172.0		172.0		166.3		166.3		160.1		160.1		153.3		153.3		144.9		144.9		135.5		135.5		125.1		125.0		113.5		113.5		100.6		100.6		86.4		86.3		70.5		70.5		30		199.7		196.8		193.5		190.0		186.1		181.8		177.1		172.0		166.3		160.1		153.3		144.9		135.5		125.1		113.5		100.6		86.4		70.5		30		199.7		196.7		193.5		190.0		186.1		181.8		177.1		172.0		166.3		160.1		153.3		144.9		135.5		125.0		113.5		100.6		86.3		70.5

		31		232.55		196.0		203.9		192.7		201.4		189.1		198.6		185.1		195.5		180.7		192.2		175.9		188.5		170.7		184.5		164.9		180.0		158.6		175.2		151.6		169.8		144.0		164.0		134.5		156.7		124.0		148.6		112.3		139.6		99.3		129.7		84.9		118.6		68.9		106.3		51.1		92.7		31		196.0		192.7		189.1		185.1		180.7		175.9		170.7		164.9		158.6		151.6		144.0		134.5		124.0		112.3		99.3		84.9		68.9		51.1		31		203.9		201.4		198.6		195.5		192.2		188.5		184.5		180.0		175.2		169.8		164.0		156.7		148.6		139.6		129.7		118.6		106.3		92.7

		32		240.05		192.9		208.6		189.3		206.5		185.3		204.2		181.0		201.7		176.2		198.9		171.0		195.9		165.2		192.6		158.9		189.0		152.0		185.0		144.4		180.6		136.1		175.8		125.8		169.8		114.3		163.2		101.5		155.8		87.3		147.6		71.6		138.5		54.1		128.4		34.7		117.2		32		192.9		189.3		185.3		181.0		176.2		171.0		165.2		158.9		152.0		144.4		136.1		125.8		114.3		101.5		87.3		71.6		54.1		34.7		32		208.6		206.5		204.2		201.7		198.9		195.9		192.6		189.0		185.0		180.6		175.8		169.8		163.2		155.8		147.6		138.5		128.4		117.2

		33		247.55		190.4		213.6		186.6		212.0		182.3		210.3		177.7		208.3		172.6		206.2		167.0		203.9		160.9		201.4		154.2		198.6		146.8		195.5		138.7		192.2		129.8		188.5		118.8		183.9		106.5		178.8		92.9		173.2		77.8		166.9		61.0		160.0		42.3		152.2		21.6		143.7		33		190.4		186.6		182.3		177.7		172.6		167.0		160.9		154.2		146.8		138.7		129.8		118.8		106.5		92.9		77.8		61.0		42.3		21.6		33		213.6		212.0		210.3		208.3		206.2		203.9		201.4		198.6		195.5		192.2		188.5		183.9		178.8		173.2		166.9		160.0		152.2		143.7

		34		255.05		188.6		218.9		184.6		217.8		180.2		216.6		175.3		215.3		170.0		213.9		164.2		212.4		157.8		210.6		150.7		208.8		143.0		206.7		134.6		204.4		125.3		201.9		113.7		198.8		100.9		195.4		86.7		191.6		70.8		187.3		53.3		182.6		33.8		177.4		12.1		171.6		34		188.6		184.6		180.2		175.3		170.0		164.2		157.8		150.7		143.0		134.6		125.3		113.7		100.9		86.7		70.8		53.3		33.8		12.1		34		218.9		217.8		216.6		215.3		213.9		212.4		210.6		208.8		206.7		204.4		201.9		198.8		195.4		191.6		187.3		182.6		177.4		171.6

		35		262.55		187.5		224.4		183.4		223.9		178.8		223.3		173.9		222.6		168.4		221.9		162.4		221.1		155.8		220.2		148.6		219.3		140.7		218.2		132.0		217.1		122.5		215.8		110.6		214.3		97.5		212.6		82.9		210.6		66.6		208.5		48.6		206.1		28.6		203.5		6.4		200.6		35		187.5		183.4		178.8		173.9		168.4		162.4		155.8		148.6		140.7		132.0		122.5		110.6		97.5		82.9		66.6		48.6		28.6		6.4		35		224.4		223.9		223.3		222.6		221.9		221.1		220.2		219.3		218.2		217.1		215.8		214.3		212.6		210.6		208.5		206.1		203.5		200.6

		36		270.05		187.1		230.0		183.0		230.0		178.4		230.0		173.4		230.0		167.9		230.0		161.8		230.0		155.2		230.0		147.9		230.0		139.9		230.0		131.2		230.0		121.6		230.0		109.6		230.0		96.3		230.0		81.6		230.0		65.2		230.0		47.0		230.0		26.9		230.0		4.4		230.0		36		187.1		183.0		178.4		173.4		167.9		161.8		155.2		147.9		139.9		131.2		121.6		109.6		96.3		81.6		65.2		47.0		26.9		4.4		36		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0

		37		277.56		187.5		235.6		183.4		236.1		178.8		236.7		173.9		237.4		168.4		238.1		162.4		238.9		155.8		239.8		148.6		240.7		140.7		241.8		132.0		242.9		122.5		244.2		110.6		245.7		97.5		247.4		82.9		249.4		66.6		251.5		48.6		253.9		28.6		256.5		6.4		259.4		37		187.5		183.4		178.8		173.9		168.4		162.4		155.8		148.6		140.7		132.0		122.5		110.6		97.5		82.9		66.6		48.6		28.6		6.4		37		235.6		236.1		236.7		237.4		238.1		238.9		239.8		240.7		241.8		242.9		244.2		245.7		247.4		249.4		251.5		253.9		256.5		259.4

		38		285.06		188.6		241.1		184.6		242.2		180.2		243.4		175.3		244.7		170.0		246.1		164.2		247.6		157.8		249.4		150.7		251.2		143.0		253.3		134.6		255.6		125.3		258.1		113.7		261.2		100.9		264.6		86.7		268.4		70.8		272.7		53.3		277.4		33.8		282.6		12.1		288.4		38		188.6		184.6		180.2		175.3		170.0		164.2		157.8		150.7		143.0		134.6		125.3		113.7		100.9		86.7		70.8		53.3		33.8		12.1		38		241.1		242.2		243.4		244.7		246.1		247.6		249.4		251.2		253.3		255.6		258.1		261.2		264.6		268.4		272.7		277.4		282.6		288.4

		39		292.56		190.4		246.4		186.6		248.0		182.3		249.7		177.7		251.7		172.6		253.8		167.0		256.1		160.9		258.6		154.2		261.4		146.8		264.5		138.7		267.8		129.8		271.5		118.8		276.1		106.5		281.2		92.9		286.8		77.8		293.1		61.0		300.0		42.3		307.8		21.6		316.3		39		190.4		186.6		182.3		177.7		172.6		167.0		160.9		154.2		146.8		138.7		129.8		118.8		106.5		92.9		77.8		61.0		42.3		21.6		39		246.4		248.0		249.7		251.7		253.8		256.1		258.6		261.4		264.5		267.8		271.5		276.1		281.2		286.8		293.1		300.0		307.8		316.3

		40		300.06		192.9		251.4		189.3		253.5		185.3		255.8		181.0		258.3		176.2		261.1		171.0		264.1		165.2		267.4		158.9		271.0		152.0		275.0		144.4		279.4		136.1		284.2		125.8		290.2		114.3		296.8		101.5		304.2		87.3		312.4		71.6		321.5		54.1		331.6		34.7		342.8		40		192.9		189.3		185.3		181.0		176.2		171.0		165.2		158.9		152.0		144.4		136.1		125.8		114.3		101.5		87.3		71.6		54.1		34.7		40		251.4		253.5		255.8		258.3		261.1		264.1		267.4		271.0		275.0		279.4		284.2		290.2		296.8		304.2		312.4		321.5		331.6		342.8

		41		307.56		196.0		256.1		192.7		258.6		189.1		261.4		185.1		264.5		180.7		267.8		175.9		271.5		170.7		275.5		164.9		280.0		158.6		284.8		151.6		290.2		144.0		296.0		134.5		303.3		124.0		311.4		112.3		320.4		99.3		330.3		84.9		341.4		68.9		353.7		51.1		367.3		41		196.0		192.7		189.1		185.1		180.7		175.9		170.7		164.9		158.6		151.6		144.0		134.5		124.0		112.3		99.3		84.9		68.9		51.1		41		256.1		258.6		261.4		264.5		267.8		271.5		275.5		280.0		284.8		290.2		296.0		303.3		311.4		320.4		330.3		341.4		353.7		367.3

		42		315.06		199.7		260.3		196.8		263.3		193.5		266.5		190.0		270.0		186.1		273.9		181.8		278.2		177.1		282.9		172.0		288.0		166.3		293.7		160.1		299.9		153.3		306.7		144.9		315.1		135.5		324.5		125.1		335.0		113.5		346.5		100.6		359.4		86.4		373.7		70.5		389.5		42		199.7		196.8		193.5		190.0		186.1		181.8		177.1		172.0		166.3		160.1		153.3		144.9		135.5		125.1		113.5		100.6		86.4		70.5		42		260.3		263.3		266.5		270.0		273.9		278.2		282.9		288.0		293.7		299.9		306.7		315.1		324.5		335.0		346.5		359.4		373.7		389.5

		43		322.56		203.9		264.0		201.4		267.3		198.6		270.9		195.5		274.9		192.2		279.3		188.5		284.1		184.5		289.3		180.1		295.1		175.2		301.5		169.9		308.4		164.0		316.0		156.7		325.5		148.7		336.1		139.7		347.8		129.7		360.7		118.6		375.2		106.4		391.2		92.7		409.0		43		203.9		201.4		198.6		195.5		192.2		188.5		184.5		180.1		175.2		169.9		164.0		156.7		148.7		139.7		129.7		118.6		106.4		92.7		43		264.0		267.3		270.9		274.9		279.3		284.1		289.3		295.1		301.5		308.4		316.0		325.5		336.1		347.8		360.7		375.2		391.2		409.0

		44		330.07		208.6		267.1		206.5		270.7		204.2		274.7		201.7		279.0		199.0		283.8		195.9		289.0		192.6		294.8		189.0		301.1		185.0		308.0		180.6		315.6		175.8		323.9		169.8		334.3		163.2		345.8		155.8		358.5		147.6		372.7		138.6		388.5		128.5		405.9		117.3		425.4		44		208.6		206.5		204.2		201.7		199.0		195.9		192.6		189.0		185.0		180.6		175.8		169.8		163.2		155.8		147.6		138.6		128.5		117.3		44		267.1		270.7		274.7		279.0		283.8		289.0		294.8		301.1		308.0		315.6		323.9		334.3		345.8		358.5		372.7		388.5		405.9		425.4

		45		337.57		213.6		269.6		212.0		273.4		210.3		277.7		208.3		282.3		206.2		287.4		203.9		293.0		201.4		299.1		198.6		305.8		195.6		313.2		192.2		321.3		188.5		330.2		184.0		341.2		178.9		353.5		173.2		367.1		167.0		382.3		160.0		399.0		152.3		417.7		143.7		438.4		45		213.6		212.0		210.3		208.3		206.2		203.9		201.4		198.6		195.6		192.2		188.5		184.0		178.9		173.2		167.0		160.0		152.3		143.7		45		269.6		273.4		277.7		282.3		287.4		293.0		299.1		305.8		313.2		321.3		330.2		341.2		353.5		367.1		382.3		399.0		417.7		438.4

		46		345.07		218.9		271.4		217.8		275.4		216.7		279.8		215.4		284.7		213.9		290.0		212.4		295.8		210.7		302.3		208.8		309.3		206.7		317.0		204.5		325.5		202.0		334.7		198.9		346.3		195.4		359.1		191.6		373.4		187.4		389.2		182.7		406.7		177.5		426.2		171.7		447.9		46		218.9		217.8		216.7		215.4		213.9		212.4		210.7		208.8		206.7		204.5		202.0		198.9		195.4		191.6		187.4		182.7		177.5		171.7		46		271.4		275.4		279.8		284.7		290.0		295.8		302.3		309.3		317.0		325.5		334.7		346.3		359.1		373.4		389.2		406.7		426.2		447.9

		47		352.57		224.4		272.5		223.9		276.6		223.3		281.2		222.6		286.1		221.9		291.6		221.1		297.6		220.3		304.2		219.3		311.4		218.3		319.3		217.1		328.0		215.9		337.5		214.3		349.4		212.6		362.5		210.7		377.1		208.5		393.4		206.2		411.4		203.5		431.4		200.6		453.6		47		224.4		223.9		223.3		222.6		221.9		221.1		220.3		219.3		218.3		217.1		215.9		214.3		212.6		210.7		208.5		206.2		203.5		200.6		47		272.5		276.6		281.2		286.1		291.6		297.6		304.2		311.4		319.3		328.0		337.5		349.4		362.5		377.1		393.4		411.4		431.4		453.6

		48		360.07		230.0		272.9		230.0		277.0		230.0		281.6		230.0		286.6		230.0		292.1		230.0		298.2		230.0		304.8		230.0		312.1		230.0		320.1		230.0		328.8		230.0		338.4		230.0		350.4		230.0		363.7		230.0		378.4		229.9		394.8		229.9		413.0		229.9		433.1		229.9		455.6		48		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		230.0		229.9		229.9		229.9		229.9		48		272.9		277.0		281.6		286.6		292.1		298.2		304.8		312.1		320.1		328.8		338.4		350.4		363.7		378.4		394.8		413.0		433.1		455.6
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Nelder Research Plot Design
#Trees per Acre in each Arc



TreeList

		Spoke		Arc		Tree		Xpt		Ypt

		0		1		1		230.0		272.9

		0		2		2		230.0		277.0

		0		3		3		230.0		281.6

		0		4		4		230.0		286.6

		0		5		5		230.0		292.1

		0		6		6		230.0		298.2

		0		7		7		230.0		304.8

		0		8		8		230.0		312.1

		0		9		9		230.0		320.1

		0		10		10		230.0		328.8

		0		11		11		230.0		338.4

		0		12		12		230.0		350.4

		0		13		13		230.0		363.7

		0		14		14		230.0		378.4

		0		15		15		229.9		394.8

		0		16		16		229.9		413.0

		0		17		17		229.9		433.1

		0		18		18		229.9		455.6

		1		1		101		235.6		272.5

		1		2		102		236.1		276.6

		1		3		103		236.7		281.2

		1		4		104		237.4		286.1

		1		5		105		238.1		291.6

		1		6		106		238.9		297.6

		1		7		107		239.7		304.2

		1		8		108		240.7		311.4

		1		9		109		241.7		319.3

		1		10		110		242.9		328.0

		1		11		111		244.1		337.5

		1		12		112		245.7		349.4

		1		13		113		247.4		362.5

		1		14		114		249.3		377.1

		1		15		115		251.5		393.4

		1		16		116		253.8		411.4

		1		17		117		256.5		431.4

		1		18		118		259.4		453.6

		2		1		201		241.1		271.4

		2		2		202		242.2		275.4

		2		3		203		243.3		279.8

		2		4		204		244.6		284.7

		2		5		205		246.1		290.0

		2		6		206		247.6		295.8

		2		7		207		249.3		302.3

		2		8		208		251.2		309.3

		2		9		209		253.3		317.0

		2		10		210		255.5		325.5

		2		11		211		258.0		334.7

		2		12		212		261.1		346.3

		2		13		213		264.6		359.1

		2		14		214		268.4		373.4

		2		15		215		272.6		389.2

		2		16		216		277.3		406.7

		2		17		217		282.5		426.2

		2		18		218		288.3		447.9

		3		1		301		246.4		269.6

		3		2		302		248.0		273.4

		3		3		303		249.7		277.7

		3		4		304		251.7		282.3

		3		5		305		253.8		287.4

		3		6		306		256.1		293.0

		3		7		307		258.6		299.1

		3		8		308		261.4		305.8

		3		9		309		264.4		313.2

		3		10		310		267.8		321.3

		3		11		311		271.5		330.2

		3		12		312		276.0		341.2

		3		13		313		281.1		353.5

		3		14		314		286.8		367.1

		3		15		315		293.0		382.3

		3		16		316		300.0		399.0

		3		17		317		307.7		417.7

		3		18		318		316.3		438.4

		4		1		401		251.4		267.1

		4		2		402		253.5		270.7

		4		3		403		255.8		274.7

		4		4		404		258.3		279.0

		4		5		405		261.0		283.8

		4		6		406		264.1		289.0

		4		7		407		267.4		294.8

		4		8		408		271.0		301.1

		4		9		409		275.0		308.0

		4		10		410		279.4		315.6

		4		11		411		284.2		323.9

		4		12		412		290.2		334.3

		4		13		413		296.8		345.8

		4		14		414		304.2		358.5

		4		15		415		312.4		372.7

		4		16		416		321.4		388.5

		4		17		417		331.5		405.9

		4		18		418		342.7		425.4

		5		1		501		256.1		264.0

		5		2		502		258.6		267.3

		5		3		503		261.4		270.9

		5		4		504		264.5		274.9

		5		5		505		267.8		279.3

		5		6		506		271.5		284.1

		5		7		507		275.5		289.3

		5		8		508		279.9		295.1

		5		9		509		284.8		301.5

		5		10		510		290.1		308.4

		5		11		511		296.0		316.0

		5		12		512		303.3		325.5

		5		13		513		311.3		336.1

		5		14		514		320.3		347.8

		5		15		515		330.3		360.7

		5		16		516		341.4		375.2

		5		17		517		353.6		391.2

		5		18		518		367.3		409.0

		6		1		601		260.3		260.3

		6		2		602		263.2		263.3

		6		3		603		266.5		266.5

		6		4		604		270.0		270.0

		6		5		605		273.9		273.9

		6		6		606		278.2		278.2

		6		7		607		282.9		282.9

		6		8		608		288.0		288.0

		6		9		609		293.7		293.7

		6		10		610		299.9		299.9

		6		11		611		306.7		306.7

		6		12		612		315.1		315.1

		6		13		613		324.5		324.5

		6		14		614		334.9		335.0

		6		15		615		346.5		346.5

		6		16		616		359.4		359.4

		6		17		617		373.6		373.7

		6		18		618		389.5		389.5

		7		1		701		264.0		256.1

		7		2		702		267.3		258.6

		7		3		703		270.9		261.4

		7		4		704		274.9		264.5

		7		5		705		279.3		267.8

		7		6		706		284.1		271.5

		7		7		707		289.3		275.5

		7		8		708		295.1		280.0

		7		9		709		301.4		284.8

		7		10		710		308.4		290.2

		7		11		711		316.0		296.0

		7		12		712		325.5		303.3

		7		13		713		336.0		311.4

		7		14		714		347.7		320.4

		7		15		715		360.7		330.3

		7		16		716		375.1		341.4

		7		17		717		391.1		353.7

		7		18		718		408.9		367.3

		8		1		801		267.1		251.4

		8		2		802		270.7		253.5

		8		3		803		274.7		255.8

		8		4		804		279.0		258.3

		8		5		805		283.8		261.1

		8		6		806		289.0		264.1

		8		7		807		294.8		267.4

		8		8		808		301.1		271.0

		8		9		809		308.0		275.0

		8		10		810		315.6		279.4

		8		11		811		323.9		284.2

		8		12		812		334.2		290.2

		8		13		813		345.7		296.8

		8		14		814		358.5		304.2

		8		15		815		372.7		312.4

		8		16		816		388.4		321.5

		8		17		817		405.9		331.6

		8		18		818		425.3		342.8

		9		1		901		269.6		246.4

		9		2		902		273.4		248.0

		9		3		903		277.7		249.7

		9		4		904		282.3		251.7

		9		5		905		287.4		253.8

		9		6		906		293.0		256.1

		9		7		907		299.1		258.6

		9		8		908		305.8		261.4

		9		9		909		313.2		264.5

		9		10		910		321.3		267.8

		9		11		911		330.2		271.5

		9		12		912		341.2		276.1

		9		13		913		353.5		281.2

		9		14		914		367.1		286.8

		9		15		915		382.2		293.1

		9		16		916		399.0		300.0

		9		17		917		417.7		307.8

		9		18		918		438.4		316.3

		10		1		1001		271.4		241.1

		10		2		1002		275.4		242.2

		10		3		1003		279.8		243.4

		10		4		1004		284.7		244.7

		10		5		1005		290.0		246.1

		10		6		1006		295.8		247.6

		10		7		1007		302.2		249.4

		10		8		1008		309.3		251.2

		10		9		1009		317.0		253.3

		10		10		1010		325.4		255.6

		10		11		1011		334.7		258.1

		10		12		1012		346.3		261.2

		10		13		1013		359.1		264.6

		10		14		1014		373.3		268.4

		10		15		1015		389.2		272.7

		10		16		1016		406.7		277.4

		10		17		1017		426.2		282.6

		10		18		1018		447.9		288.4

		11		1		1101		272.5		235.6

		11		2		1102		276.6		236.1

		11		3		1103		281.2		236.7

		11		4		1104		286.1		237.4

		11		5		1105		291.6		238.1

		11		6		1106		297.6		238.9

		11		7		1107		304.2		239.8

		11		8		1108		311.4		240.7

		11		9		1109		319.3		241.8

		11		10		1110		328.0		242.9

		11		11		1111		337.5		244.2

		11		12		1112		349.4		245.7

		11		13		1113		362.5		247.4

		11		14		1114		377.1		249.4

		11		15		1115		393.4		251.5

		11		16		1116		411.4		253.9

		11		17		1117		431.4		256.5

		11		18		1118		453.6		259.4

		12		1		1201		272.9		230.0

		12		2		1202		277.0		230.0

		12		3		1203		281.6		230.0

		12		4		1204		286.6		230.0

		12		5		1205		292.1		230.0

		12		6		1206		298.2		230.0

		12		7		1207		304.8		230.0

		12		8		1208		312.1		230.0

		12		9		1209		320.1		230.0

		12		10		1210		328.8		230.0

		12		11		1211		338.4		230.0

		12		12		1212		350.4		230.0

		12		13		1213		363.7		230.0

		12		14		1214		378.4		230.0

		12		15		1215		394.8		230.0

		12		16		1216		413.0		230.0

		12		17		1217		433.1		230.0

		12		18		1218		455.6		230.0

		13		1		1301		272.5		224.4

		13		2		1302		276.6		223.9

		13		3		1303		281.2		223.3

		13		4		1304		286.1		222.6

		13		5		1305		291.6		221.9

		13		6		1306		297.6		221.1

		13		7		1307		304.2		220.2

		13		8		1308		311.4		219.3

		13		9		1309		319.3		218.2

		13		10		1310		328.0		217.1

		13		11		1311		337.5		215.8

		13		12		1312		349.4		214.3

		13		13		1313		362.5		212.6

		13		14		1314		377.1		210.6

		13		15		1315		393.4		208.5

		13		16		1316		411.4		206.1

		13		17		1317		431.4		203.5

		13		18		1318		453.6		200.6

		14		1		1401		271.4		218.9

		14		2		1402		275.4		217.8

		14		3		1403		279.8		216.6

		14		4		1404		284.7		215.3

		14		5		1405		290.0		213.9

		14		6		1406		295.8		212.4

		14		7		1407		302.2		210.6

		14		8		1408		309.3		208.8

		14		9		1409		317.0		206.7

		14		10		1410		325.4		204.4

		14		11		1411		334.7		201.9

		14		12		1412		346.3		198.8

		14		13		1413		359.1		195.4

		14		14		1414		373.3		191.6

		14		15		1415		389.2		187.3

		14		16		1416		406.7		182.6

		14		17		1417		426.2		177.4

		14		18		1418		447.9		171.6

		15		1		1501		269.6		213.6

		15		2		1502		273.4		212.0

		15		3		1503		277.7		210.3

		15		4		1504		282.3		208.3

		15		5		1505		287.4		206.2

		15		6		1506		293.0		203.9

		15		7		1507		299.1		201.4

		15		8		1508		305.8		198.6

		15		9		1509		313.2		195.5

		15		10		1510		321.3		192.2

		15		11		1511		330.2		188.5

		15		12		1512		341.2		183.9

		15		13		1513		353.5		178.8

		15		14		1514		367.1		173.2

		15		15		1515		382.2		166.9

		15		16		1516		399.0		160.0

		15		17		1517		417.7		152.2

		15		18		1518		438.4		143.7

		16		1		1601		267.1		208.6

		16		2		1602		270.7		206.5

		16		3		1603		274.7		204.2

		16		4		1604		279.0		201.7

		16		5		1605		283.8		198.9

		16		6		1606		289.0		195.9

		16		7		1607		294.8		192.6

		16		8		1608		301.1		189.0

		16		9		1609		308.0		185.0

		16		10		1610		315.6		180.6

		16		11		1611		323.9		175.8

		16		12		1612		334.2		169.8

		16		13		1613		345.7		163.2

		16		14		1614		358.5		155.8

		16		15		1615		372.7		147.6

		16		16		1616		388.4		138.5

		16		17		1617		405.9		128.4

		16		18		1618		425.3		117.2

		17		1		1701		264.0		203.9

		17		2		1702		267.3		201.4

		17		3		1703		270.9		198.6

		17		4		1704		274.9		195.5

		17		5		1705		279.3		192.2

		17		6		1706		284.1		188.5

		17		7		1707		289.3		184.5

		17		8		1708		295.1		180.0

		17		9		1709		301.4		175.2

		17		10		1710		308.4		169.8

		17		11		1711		316.0		164.0

		17		12		1712		325.5		156.7

		17		13		1713		336.0		148.6

		17		14		1714		347.7		139.6

		17		15		1715		360.7		129.7

		17		16		1716		375.1		118.6

		17		17		1717		391.1		106.3

		17		18		1718		408.9		92.7

		18		1		1801		260.3		199.7

		18		2		1802		263.2		196.7

		18		3		1803		266.5		193.5

		18		4		1804		270.0		190.0

		18		5		1805		273.9		186.1

		18		6		1806		278.2		181.8

		18		7		1807		282.9		177.1

		18		8		1808		288.0		172.0

		18		9		1809		293.7		166.3

		18		10		1810		299.9		160.1

		18		11		1811		306.7		153.3

		18		12		1812		315.1		144.9

		18		13		1813		324.5		135.5

		18		14		1814		334.9		125.0

		18		15		1815		346.5		113.5

		18		16		1816		359.4		100.6

		18		17		1817		373.6		86.3

		18		18		1818		389.5		70.5

		19		1		1901		256.1		196.0

		19		2		1902		258.6		192.7

		19		3		1903		261.4		189.1

		19		4		1904		264.5		185.1

		19		5		1905		267.8		180.7

		19		6		1906		271.5		175.9

		19		7		1907		275.5		170.7

		19		8		1908		279.9		164.9

		19		9		1909		284.8		158.5

		19		10		1910		290.1		151.6

		19		11		1911		296.0		144.0

		19		12		1912		303.3		134.5

		19		13		1913		311.3		123.9

		19		14		1914		320.3		112.2

		19		15		1915		330.3		99.3

		19		16		1916		341.4		84.8

		19		17		1917		353.6		68.8

		19		18		1918		367.3		51.0

		20		1		2001		251.4		192.9

		20		2		2002		253.5		189.3

		20		3		2003		255.8		185.3

		20		4		2004		258.3		181.0

		20		5		2005		261.0		176.2

		20		6		2006		264.1		171.0

		20		7		2007		267.4		165.2

		20		8		2008		271.0		158.9

		20		9		2009		275.0		152.0

		20		10		2010		279.4		144.4

		20		11		2011		284.2		136.1

		20		12		2012		290.2		125.7

		20		13		2013		296.8		114.2

		20		14		2014		304.2		101.5

		20		15		2015		312.4		87.3

		20		16		2016		321.4		71.5

		20		17		2017		331.5		54.1

		20		18		2018		342.7		34.6

		21		1		2101		246.4		190.4

		21		2		2102		248.0		186.6

		21		3		2103		249.7		182.3

		21		4		2104		251.7		177.7

		21		5		2105		253.8		172.6

		21		6		2106		256.1		167.0

		21		7		2107		258.6		160.9

		21		8		2108		261.4		154.2

		21		9		2109		264.4		146.8

		21		10		2110		267.8		138.7

		21		11		2111		271.5		129.8

		21		12		2112		276.0		118.8

		21		13		2113		281.1		106.5

		21		14		2114		286.8		92.9

		21		15		2115		293.0		77.7

		21		16		2116		300.0		61.0

		21		17		2117		307.7		42.3

		21		18		2118		316.3		21.6

		22		1		2201		241.1		188.6

		22		2		2202		242.2		184.6

		22		3		2203		243.3		180.2

		22		4		2204		244.6		175.3

		22		5		2205		246.1		170.0

		22		6		2206		247.6		164.2

		22		7		2207		249.3		157.7

		22		8		2208		251.2		150.7

		22		9		2209		253.3		143.0

		22		10		2210		255.5		134.5

		22		11		2211		258.0		125.3

		22		12		2212		261.1		113.7

		22		13		2213		264.6		100.9

		22		14		2214		268.4		86.6

		22		15		2215		272.6		70.8

		22		16		2216		277.3		53.3

		22		17		2217		282.5		33.8

		22		18		2218		288.3		12.1

		23		1		2301		235.6		187.5

		23		2		2302		236.1		183.4

		23		3		2303		236.7		178.8

		23		4		2304		237.4		173.9

		23		5		2305		238.1		168.4

		23		6		2306		238.9		162.4

		23		7		2307		239.7		155.8

		23		8		2308		240.7		148.6

		23		9		2309		241.7		140.7

		23		10		2310		242.9		132.0

		23		11		2311		244.1		122.5

		23		12		2312		245.7		110.6

		23		13		2313		247.4		97.5

		23		14		2314		249.3		82.9

		23		15		2315		251.5		66.6

		23		16		2316		253.8		48.6

		23		17		2317		256.5		28.6

		23		18		2318		259.4		6.4

		24		1		2401		230.0		187.1

		24		2		2402		230.0		183.0

		24		3		2403		230.0		178.4

		24		4		2404		230.0		173.4

		24		5		2405		230.0		167.9

		24		6		2406		230.0		161.8

		24		7		2407		230.0		155.2

		24		8		2408		230.0		147.9

		24		9		2409		230.0		139.9

		24		10		2410		230.0		131.2

		24		11		2411		230.0		121.6

		24		12		2412		230.0		109.6

		24		13		2413		230.0		96.3

		24		14		2414		230.0		81.6

		24		15		2415		229.9		65.2

		24		16		2416		229.9		47.0

		24		17		2417		229.9		26.9

		24		18		2418		229.9		4.4

		25		1		2501		224.4		187.5

		25		2		2502		223.9		183.4

		25		3		2503		223.3		178.8

		25		4		2504		222.6		173.9

		25		5		2505		221.9		168.4

		25		6		2506		221.1		162.4

		25		7		2507		220.3		155.8

		25		8		2508		219.3		148.6

		25		9		2509		218.3		140.7

		25		10		2510		217.1		132.0

		25		11		2511		215.9		122.5

		25		12		2512		214.3		110.6

		25		13		2513		212.6		97.5

		25		14		2514		210.7		82.9

		25		15		2515		208.5		66.6

		25		16		2516		206.2		48.6

		25		17		2517		203.5		28.6

		25		18		2518		200.6		6.4

		26		1		2601		218.9		188.6

		26		2		2602		217.8		184.6

		26		3		2603		216.7		180.2

		26		4		2604		215.4		175.3

		26		5		2605		213.9		170.0

		26		6		2606		212.4		164.2

		26		7		2607		210.7		157.7

		26		8		2608		208.8		150.7

		26		9		2609		206.7		143.0

		26		10		2610		204.5		134.5

		26		11		2611		202.0		125.3

		26		12		2612		198.9		113.7

		26		13		2613		195.4		100.9

		26		14		2614		191.6		86.6

		26		15		2615		187.4		70.8

		26		16		2616		182.7		53.3

		26		17		2617		177.5		33.8

		26		18		2618		171.7		12.1

		27		1		2701		213.6		190.4

		27		2		2702		212.0		186.6

		27		3		2703		210.3		182.3

		27		4		2704		208.3		177.7

		27		5		2705		206.2		172.6

		27		6		2706		203.9		167.0

		27		7		2707		201.4		160.9

		27		8		2708		198.6		154.2

		27		9		2709		195.6		146.8

		27		10		2710		192.2		138.7

		27		11		2711		188.5		129.8

		27		12		2712		184.0		118.8

		27		13		2713		178.9		106.5

		27		14		2714		173.2		92.9

		27		15		2715		167.0		77.7

		27		16		2716		160.0		61.0

		27		17		2717		152.3		42.3

		27		18		2718		143.7		21.6

		28		1		2801		208.6		192.9

		28		2		2802		206.5		189.3

		28		3		2803		204.2		185.3

		28		4		2804		201.7		181.0

		28		5		2805		199.0		176.2

		28		6		2806		195.9		171.0

		28		7		2807		192.6		165.2

		28		8		2808		189.0		158.9

		28		9		2809		185.0		152.0

		28		10		2810		180.6		144.4

		28		11		2811		175.8		136.1

		28		12		2812		169.8		125.7

		28		13		2813		163.2		114.2

		28		14		2814		155.8		101.5

		28		15		2815		147.6		87.3

		28		16		2816		138.6		71.5

		28		17		2817		128.5		54.1

		28		18		2818		117.3		34.6

		29		1		2901		203.9		196.0

		29		2		2902		201.4		192.7

		29		3		2903		198.6		189.1

		29		4		2904		195.5		185.1

		29		5		2905		192.2		180.7

		29		6		2906		188.5		175.9

		29		7		2907		184.5		170.7

		29		8		2908		180.1		164.9

		29		9		2909		175.2		158.5

		29		10		2910		169.9		151.6

		29		11		2911		164.0		144.0

		29		12		2912		156.7		134.5

		29		13		2913		148.7		123.9

		29		14		2914		139.7		112.2

		29		15		2915		129.7		99.3

		29		16		2916		118.6		84.8

		29		17		2917		106.4		68.8

		29		18		2918		92.7		51.0

		30		1		3001		199.7		199.7

		30		2		3002		196.8		196.7

		30		3		3003		193.5		193.5

		30		4		3004		190.0		190.0

		30		5		3005		186.1		186.1

		30		6		3006		181.8		181.8

		30		7		3007		177.1		177.1

		30		8		3008		172.0		172.0

		30		9		3009		166.3		166.3

		30		10		3010		160.1		160.1

		30		11		3011		153.3		153.3

		30		12		3012		144.9		144.9

		30		13		3013		135.5		135.5

		30		14		3014		125.1		125.0

		30		15		3015		113.5		113.5

		30		16		3016		100.6		100.6

		30		17		3017		86.4		86.3

		30		18		3018		70.5		70.5

		31		1		3101		196.0		203.9

		31		2		3102		192.7		201.4

		31		3		3103		189.1		198.6

		31		4		3104		185.1		195.5

		31		5		3105		180.7		192.2

		31		6		3106		175.9		188.5

		31		7		3107		170.7		184.5

		31		8		3108		164.9		180.0

		31		9		3109		158.6		175.2

		31		10		3110		151.6		169.8

		31		11		3111		144.0		164.0

		31		12		3112		134.5		156.7

		31		13		3113		124.0		148.6

		31		14		3114		112.3		139.6

		31		15		3115		99.3		129.7

		31		16		3116		84.9		118.6

		31		17		3117		68.9		106.3

		31		18		3118		51.1		92.7

		32		1		3201		192.9		208.6

		32		2		3202		189.3		206.5

		32		3		3203		185.3		204.2

		32		4		3204		181.0		201.7

		32		5		3205		176.2		198.9

		32		6		3206		171.0		195.9

		32		7		3207		165.2		192.6

		32		8		3208		158.9		189.0

		32		9		3209		152.0		185.0

		32		10		3210		144.4		180.6

		32		11		3211		136.1		175.8

		32		12		3212		125.8		169.8

		32		13		3213		114.3		163.2

		32		14		3214		101.5		155.8

		32		15		3215		87.3		147.6

		32		16		3216		71.6		138.5

		32		17		3217		54.1		128.4

		32		18		3218		34.7		117.2

		33		1		3301		190.4		213.6

		33		2		3302		186.6		212.0

		33		3		3303		182.3		210.3

		33		4		3304		177.7		208.3

		33		5		3305		172.6		206.2

		33		6		3306		167.0		203.9

		33		7		3307		160.9		201.4

		33		8		3308		154.2		198.6

		33		9		3309		146.8		195.5

		33		10		3310		138.7		192.2

		33		11		3311		129.8		188.5

		33		12		3312		118.8		183.9

		33		13		3313		106.5		178.8

		33		14		3314		92.9		173.2

		33		15		3315		77.8		166.9

		33		16		3316		61.0		160.0

		33		17		3317		42.3		152.2

		33		18		3318		21.6		143.7

		34		1		3401		188.6		218.9

		34		2		3402		184.6		217.8

		34		3		3403		180.2		216.6

		34		4		3404		175.3		215.3

		34		5		3405		170.0		213.9

		34		6		3406		164.2		212.4

		34		7		3407		157.8		210.6

		34		8		3408		150.7		208.8

		34		9		3409		143.0		206.7

		34		10		3410		134.6		204.4

		34		11		3411		125.3		201.9

		34		12		3412		113.7		198.8

		34		13		3413		100.9		195.4

		34		14		3414		86.7		191.6

		34		15		3415		70.8		187.3

		34		16		3416		53.3		182.6

		34		17		3417		33.8		177.4

		34		18		3418		12.1		171.6

		35		1		3501		187.5		224.4

		35		2		3502		183.4		223.9

		35		3		3503		178.8		223.3

		35		4		3504		173.9		222.6

		35		5		3505		168.4		221.9

		35		6		3506		162.4		221.1

		35		7		3507		155.8		220.2

		35		8		3508		148.6		219.3

		35		9		3509		140.7		218.2

		35		10		3510		132.0		217.1

		35		11		3511		122.5		215.8

		35		12		3512		110.6		214.3

		35		13		3513		97.5		212.6

		35		14		3514		82.9		210.6

		35		15		3515		66.6		208.5

		35		16		3516		48.6		206.1

		35		17		3517		28.6		203.5

		35		18		3518		6.4		200.6

		36		1		3601		187.1		230.0

		36		2		3602		183.0		230.0

		36		3		3603		178.4		230.0

		36		4		3604		173.4		230.0

		36		5		3605		167.9		230.0

		36		6		3606		161.8		230.0

		36		7		3607		155.2		230.0

		36		8		3608		147.9		230.0

		36		9		3609		139.9		230.0

		36		10		3610		131.2		230.0

		36		11		3611		121.6		230.0

		36		12		3612		109.6		230.0

		36		13		3613		96.3		230.0

		36		14		3614		81.6		230.0

		36		15		3615		65.2		230.0

		36		16		3616		47.0		230.0

		36		17		3617		26.9		230.0

		36		18		3618		4.4		230.0

		37		1		3701		187.5		235.6

		37		2		3702		183.4		236.1

		37		3		3703		178.8		236.7

		37		4		3704		173.9		237.4

		37		5		3705		168.4		238.1

		37		6		3706		162.4		238.9

		37		7		3707		155.8		239.8

		37		8		3708		148.6		240.7

		37		9		3709		140.7		241.8

		37		10		3710		132.0		242.9

		37		11		3711		122.5		244.2

		37		12		3712		110.6		245.7

		37		13		3713		97.5		247.4

		37		14		3714		82.9		249.4

		37		15		3715		66.6		251.5

		37		16		3716		48.6		253.9

		37		17		3717		28.6		256.5

		37		18		3718		6.4		259.4

		38		1		3801		188.6		241.1

		38		2		3802		184.6		242.2

		38		3		3803		180.2		243.4

		38		4		3804		175.3		244.7

		38		5		3805		170.0		246.1

		38		6		3806		164.2		247.6

		38		7		3807		157.8		249.4

		38		8		3808		150.7		251.2

		38		9		3809		143.0		253.3

		38		10		3810		134.6		255.6

		38		11		3811		125.3		258.1

		38		12		3812		113.7		261.2

		38		13		3813		100.9		264.6

		38		14		3814		86.7		268.4

		38		15		3815		70.8		272.7

		38		16		3816		53.3		277.4

		38		17		3817		33.8		282.6

		38		18		3818		12.1		288.4

		39		1		3901		190.4		246.4

		39		2		3902		186.6		248.0

		39		3		3903		182.3		249.7

		39		4		3904		177.7		251.7

		39		5		3905		172.6		253.8

		39		6		3906		167.0		256.1

		39		7		3907		160.9		258.6

		39		8		3908		154.2		261.4

		39		9		3909		146.8		264.5

		39		10		3910		138.7		267.8

		39		11		3911		129.8		271.5

		39		12		3912		118.8		276.1

		39		13		3913		106.5		281.2

		39		14		3914		92.9		286.8

		39		15		3915		77.8		293.1

		39		16		3916		61.0		300.0

		39		17		3917		42.3		307.8

		39		18		3918		21.6		316.3

		40		1		4001		192.9		251.4

		40		2		4002		189.3		253.5

		40		3		4003		185.3		255.8

		40		4		4004		181.0		258.3

		40		5		4005		176.2		261.1

		40		6		4006		171.0		264.1

		40		7		4007		165.2		267.4

		40		8		4008		158.9		271.0

		40		9		4009		152.0		275.0

		40		10		4010		144.4		279.4

		40		11		4011		136.1		284.2

		40		12		4012		125.8		290.2

		40		13		4013		114.3		296.8

		40		14		4014		101.5		304.2

		40		15		4015		87.3		312.4

		40		16		4016		71.6		321.5

		40		17		4017		54.1		331.6

		40		18		4018		34.7		342.8

		41		1		4101		196.0		256.1

		41		2		4102		192.7		258.6

		41		3		4103		189.1		261.4

		41		4		4104		185.1		264.5

		41		5		4105		180.7		267.8

		41		6		4106		175.9		271.5

		41		7		4107		170.7		275.5

		41		8		4108		164.9		280.0

		41		9		4109		158.6		284.8

		41		10		4110		151.6		290.2

		41		11		4111		144.0		296.0

		41		12		4112		134.5		303.3

		41		13		4113		124.0		311.4

		41		14		4114		112.3		320.4

		41		15		4115		99.3		330.3

		41		16		4116		84.9		341.4

		41		17		4117		68.9		353.7

		41		18		4118		51.1		367.3

		42		1		4201		199.7		260.3

		42		2		4202		196.8		263.3

		42		3		4203		193.5		266.5

		42		4		4204		190.0		270.0

		42		5		4205		186.1		273.9

		42		6		4206		181.8		278.2

		42		7		4207		177.1		282.9

		42		8		4208		172.0		288.0

		42		9		4209		166.3		293.7

		42		10		4210		160.1		299.9

		42		11		4211		153.3		306.7

		42		12		4212		144.9		315.1

		42		13		4213		135.5		324.5

		42		14		4214		125.1		335.0

		42		15		4215		113.5		346.5

		42		16		4216		100.6		359.4

		42		17		4217		86.4		373.7

		42		18		4218		70.5		389.5

		43		1		4301		203.9		264.0

		43		2		4302		201.4		267.3

		43		3		4303		198.6		270.9

		43		4		4304		195.5		274.9

		43		5		4305		192.2		279.3

		43		6		4306		188.5		284.1

		43		7		4307		184.5		289.3

		43		8		4308		180.1		295.1

		43		9		4309		175.2		301.5

		43		10		4310		169.9		308.4

		43		11		4311		164.0		316.0

		43		12		4312		156.7		325.5

		43		13		4313		148.7		336.1

		43		14		4314		139.7		347.8

		43		15		4315		129.7		360.7

		43		16		4316		118.6		375.2

		43		17		4317		106.4		391.2

		43		18		4318		92.7		409.0

		44		1		4401		208.6		267.1

		44		2		4402		206.5		270.7

		44		3		4403		204.2		274.7

		44		4		4404		201.7		279.0

		44		5		4405		199.0		283.8

		44		6		4406		195.9		289.0

		44		7		4407		192.6		294.8

		44		8		4408		189.0		301.1

		44		9		4409		185.0		308.0

		44		10		4410		180.6		315.6

		44		11		4411		175.8		323.9

		44		12		4412		169.8		334.3

		44		13		4413		163.2		345.8

		44		14		4414		155.8		358.5

		44		15		4415		147.6		372.7

		44		16		4416		138.6		388.5

		44		17		4417		128.5		405.9

		44		18		4418		117.3		425.4

		45		1		4501		213.6		269.6

		45		2		4502		212.0		273.4

		45		3		4503		210.3		277.7

		45		4		4504		208.3		282.3

		45		5		4505		206.2		287.4

		45		6		4506		203.9		293.0

		45		7		4507		201.4		299.1

		45		8		4508		198.6		305.8

		45		9		4509		195.6		313.2

		45		10		4510		192.2		321.3

		45		11		4511		188.5		330.2

		45		12		4512		184.0		341.2

		45		13		4513		178.9		353.5

		45		14		4514		173.2		367.1

		45		15		4515		167.0		382.3

		45		16		4516		160.0		399.0

		45		17		4517		152.3		417.7

		45		18		4518		143.7		438.4

		46		1		4601		218.9		271.4

		46		2		4602		217.8		275.4

		46		3		4603		216.7		279.8

		46		4		4604		215.4		284.7

		46		5		4605		213.9		290.0

		46		6		4606		212.4		295.8

		46		7		4607		210.7		302.3

		46		8		4608		208.8		309.3

		46		9		4609		206.7		317.0

		46		10		4610		204.5		325.5

		46		11		4611		202.0		334.7

		46		12		4612		198.9		346.3

		46		13		4613		195.4		359.1

		46		14		4614		191.6		373.4

		46		15		4615		187.4		389.2

		46		16		4616		182.7		406.7

		46		17		4617		177.5		426.2

		46		18		4618		171.7		447.9

		47		1		4701		224.4		272.5

		47		2		4702		223.9		276.6

		47		3		4703		223.3		281.2

		47		4		4704		222.6		286.1

		47		5		4705		221.9		291.6

		47		6		4706		221.1		297.6

		47		7		4707		220.3		304.2

		47		8		4708		219.3		311.4

		47		9		4709		218.3		319.3

		47		10		4710		217.1		328.0

		47		11		4711		215.9		337.5

		47		12		4712		214.3		349.4

		47		13		4713		212.6		362.5

		47		14		4714		210.7		377.1

		47		15		4715		208.5		393.4

		47		16		4716		206.2		411.4

		47		17		4717		203.5		431.4

		47		18		4718		200.6		453.6

		48		1		4801		230.0		272.9

		48		2		4802		230.0		277.0

		48		3		4803		230.0		281.6

		48		4		4804		230.0		286.6

		48		5		4805		230.0		292.1

		48		6		4806		230.0		298.2

		48		7		4807		230.0		304.8

		48		8		4808		230.0		312.1

		48		9		4809		230.0		320.1

		48		10		4810		230.0		328.8

		48		11		4811		230.0		338.4

		48		12		4812		230.0		350.4

		48		13		4813		230.0		363.7

		48		14		4814		230.0		378.4

		48		15		4815		229.9		394.8

		48		16		4816		229.9		413.0

		48		17		4817		229.9		433.1

		48		18		4818		229.9		455.6





DoH

		

						0.0625		0.25		0.375		0.25		0.0625

		Species		Plot		Total Of DoH		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17

		DF		5		1.28		0.87		1.10		0.80		0.77		0.79		0.83		1.03		0.84		0.99		1.28		1.27		1.25		1.37		1.69		1.67		2.03		1.85

		DF		6		1.16		0.99		0.73		0.68		0.70		0.76		0.74		0.87		0.77		0.82		1.00		1.03		1.08		1.22		1.31		1.49		1.63		1.78

		DF		7		1.14		0.94		0.70		0.78		0.72		0.72		0.75		0.78		0.78		0.83		0.89		0.98		1.07		1.25		1.39		1.56		1.70		1.84

		DF		8		1.22		1.04		0.86		0.75		0.69		0.73		0.87		0.91		0.84		0.97		0.96		1.14		1.17		1.31		1.41		1.56		1.70		1.77

		DF		9		1.19		1.01		0.88		0.81		0.89		0.78		0.80		0.85		0.96		0.89		0.98		1.09		1.07		1.26		1.31		1.50		1.51		1.65

		DF		10		1.24		1.33		0.86		0.83		0.71		0.76		1.23		0.62		0.94		0.88		1.06		1.08		1.25		1.21		1.44		1.55		1.64		1.86

		GF		5		1.19		1.37		0.64		0.54		0.93		1.11		0.95		0.97		0.84		1.06		0.91		1.25		1.09		1.18		1.70		1.45		1.46		1.44

		GF		6		1.12		1.15		0.56		0.49		0.74		0.61		0.84		0.82		0.94		0.80		0.85		0.99		0.99		1.14		1.23		1.41		1.48		1.78

		GF		7		1.13		1.39		0.84		0.83		0.53		0.73		0.72		0.70		0.91		0.69		0.96		1.09		1.01		1.21		1.32		1.31		1.57		1.69

		GF		8		1.16		1.03		0.65		0.62		0.61		0.77		0.84		1.10		0.87		0.96		0.94		0.99		1.05		1.12		1.19		1.48		1.45		1.53

		GF		9		1.17		1.00		0.67		0.76		0.74		0.69		0.81		0.86		1.10		1.22		0.85		0.98		1.25		1.17		1.20		1.30		1.43		1.68

		GF		10		1.06		1.97		0.67		1.32		0.90		0.72		0.59		0.78		0.83		0.88		0.81		0.86		0.92		1.00		1.22		1.38		1.43		1.67

		Douglas-fir				1.21		1.03		0.86		0.78		0.75		0.76		0.87		0.84		0.86		0.90		1.03		1.10		1.15		1.27		1.43		1.55		1.70		1.79

		Grand Fir				1.14		1.32		0.67		0.76		0.74		0.77		0.79		0.87		0.91		0.93		0.89		1.03		1.05		1.14		1.31		1.39		1.47		1.63

		Smooth DF						1.015		0.884		0.804		0.771		0.790		0.827		0.851		0.875		0.929		1.010		1.092		1.176		1.286		1.419		1.557		1.676		1.755

		Smooth GF						1.078		0.900		0.769		0.752		0.774		0.810		0.858		0.898		0.918		0.945		0.998		1.072		1.168		1.280		1.389		1.490		1.575





DoH

		



DF 5

DF 6

DF 7

DF 8

DF 9

DF 10

Arc Position

8.333 * Dbh/(Ht-4.5)

Douglas-fir Dbh/Height Ratios (cm/m) at 31 Years
Newton & Cole Nelder Plots



Height

		



GF 5

GF 6

GF 7

GF 8

GF 9

GF 10

Arc Position

8.333 * Dbh/(Ht-4.5)

Grand fir Dbh/Height Ratios (cm/m) at 31 Years
Newton & Cole Nelder Plots



Dbh

		



Douglas-fir

Grand Fir

Arc Position

8.333 * Dbh/(Ht-4.5)

Douglas-fir and Grand fir - Dbh/Height Ratios (cm/m)
Newton & Cole Nelder Plots



DoH_Arc

		

						0.0625		0.25		0.375		0.25		0.0625

		Species		Plot		AvgHtt		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17

		DF		5		84.92		72.49		81.02		78.67		84.82		82.76		83.33		88.53		83.32		86.20		87.58		85.46		86.66		90.17		87.83		81.62		84.91		91.62

		DF		6		84.18		71.76		69.91		77.70		75.92		82.28		84.15		85.45		86.42		83.51		86.48		83.83		85.69		85.43		85.70		86.02		82.66		88.94

		DF		7		79.79		65.18		67.35		72.40		73.83		74.71		78.29		79.64		80.25		79.50		83.63		82.84		79.48		78.54		81.71		82.04		82.89		83.96

		DF		8		81.51		70.94		68.30		77.82		77.96		80.65		83.60		85.13		79.38		80.06		79.51		82.55		85.79		82.78		83.02		81.71		80.51		84.09

		DF		9		80.99		65.73		70.46		74.94		74.65		75.49		74.52		75.65		80.73		80.74		81.42		83.57		81.82		83.05		79.76		84.60		85.00		84.52

		DF		10		85.33		79.47		71		81.51		82.16		79		88.37		66.81		84.16		83.89		87.85		85.42		82.74		87.68		87.35		92.00		83.93		86.35

		GF		5		74.39		46.80		67.10		72.51		71.59		79.81		71.58		77.99		70.25		75.33		74.80		84.25		80.49		82.12		84.64		79.89		75.14		73.43

		GF		6		89.91		45.64		72.35		78.25		77		78.27		92.04		90.36		95.32		92.10		93.58		93.72		91.91		92.21		93.75		85.29		84.63		91.91

		GF		7		84.25		52.19		76.69		81.75		79.56		84.81		81.56		83.86		90.40		83.36		94.49		94.47		88.98		91.36		82.92		78.61		84.93		80.57

		GF		8		82.29		63.88		73.60		77.46		83.15		80		85.08		95.80		89.65		89.61		89.38		87.19		83.47		79.46		81.03		87.29		80.02		79.08

		GF		9		84.23		71.82		72		76		76.99		76.86		81.46		83.40		93.88		87.77		84.85		83.46		88.90		86.98		82.56		86.48		84.56		86.07

		GF		10		86.81		46.44		72		68.85		75.87		80.17		71.56		87.24		87.75		93.94		91.09		87.76		87.02		86.05		94.08		89.80		79.44		89.86

		Douglas-fir				82.79		70.93		71.34		77.17		78.22		79.15		82.04		80.20		82.38		82.32		84.41		83.94		83.70		84.61		84.23		84.67		83.32		86.58

		Grand Fir				83.65		54.46		72.29		75.80		77.36		79.99		80.55		86.44		87.87		87.02		88.03		88.48		86.79		86.36		86.50		84.56		81.45		83.49

		Smooth DF						74.39		73.10		75.71		78.00		79.58		80.64		81.27		81.92		82.83		83.60		83.94		84.06		84.25		84.34		84.34		84.73		85.64

		Smooth GF						67.55		67.91		74.24		77.51		79.61		82.14		84.96		86.85		87.54		87.80		87.72		87.17		86.52		85.68		84.31		83.18		83.05
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Vol_Arc

		

						0.0625		0.25		0.375		0.25		0.0625

		Species		Plot		AvgDbh		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17

		DF		5		12.60		7.13		10.10		7.23		7.40		7.45		8.00		10.43		7.97		9.75		12.75		12.67		12.30		14.15		16.95		15.58		19.00		19.40

		DF		6		11.23		7.96		5.80		5.99		6.03		6.99		7.07		8.49		7.61		7.80		9.86		9.97		10.61		11.97		12.94		14.63		15.38		18.01

		DF		7		10.45		6.78		5.23		6.38		6.01		6.10		6.66		7.08		7.19		7.59		8.58		9.29		9.70		11.11		12.93		14.46		15.89		17.64

		DF		8		11.38		8.29		6.67		6.58		6.11		6.86		8.38		8.93		7.63		8.89		8.67		10.82		11.60		12.42		13.37		14.51		15.33		16.50

		DF		9		11.09		7.34		7.10		6.92		7.50		6.66		6.83		7.35		8.77		8.21		9.05		10.41		10.00		11.93		11.94		14.46		14.61		15.79

		DF		10		12.15		12.10		7		7.70		6.60		6.8		12.40		4.60		9.00		8.43		10.58		10.58		11.80		12.03		14.48		16.25		15.73		18.37

		GF		5		10.06		6.42		4.80		4.35		7.50		10.00		7.77		8.75		6.66		8.98		7.70		12.04		10.47		11.20		15.97		13.32		12.48		11.89

		GF		6		11.63		5.70		4.55		4.30		6.5		5.40		8.90		8.62		10.20		8.45		9.15		10.66		10.46		12.10		13.54		13.70		14.10		18.72

		GF		7		10.84		7.85		7.55		7.65		4.80		7.20		6.72		6.81		9.55		6.60		10.44		11.86		10.49		12.73		12.54		11.66		15.35		15.46

		GF		8		10.96		7.02		5.45		5.40		6.00		7		8.10		12.00		9.07		9.97		9.60		10.10		10.01		10.20		11.14		14.73		13.05		14.09

		GF		9		11.44		8.28		5.6		6.4		6.40		6.03		7.53		8.16		12.00		11.87		8.28		9.26		12.76		11.59		11.72		13.16		13.94		16.50

		GF		10		10.46		9.90		5.6		10.20		7.63		6.60		4.75		7.80		8.32		9.42		8.40		8.59		9.30		9.78		13.10		14.22		12.93		17.06

		Douglas-fir				11.48		8.27		6.98		6.80		6.61		6.81		8.22		7.81		8.03		8.45		9.92		10.62		11.00		12.27		13.77		14.98		15.99		17.62

		Grand Fir				10.90		7.53		5.59		6.38		6.47		7.04		7.30		8.69		9.30		9.21		8.93		10.42		10.58		11.27		13.00		13.47		13.64		15.62

		Smooth DF						8.66		7.31		6.89		6.83		7.18		7.65		7.95		8.21		8.81		9.67		10.51		11.33		12.39		13.66		14.93		16.11		17.05

		Smooth GF						7.82		6.45		6.32		6.59		7.02		7.65		8.42		8.98		9.21		9.50		10.06		10.76		11.61		12.57		13.39		14.18		14.99
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						0.0625		0.25		0.375		0.25		0.0625

								6		8		11		14		17		19		25		28		31

		Species		Arc		Total Of DoH		6		8		11		14		17		19		25		28		31				6		8		11		14		17		19		25		28		31

		DF		1		1.26		1.73		1.52		1.30		1.20		1.11		1.10		0.98		1.00		1.00				1.71		1.49		1.24		1.12		1.02		1.01		0.91		0.95		0.94

		DF		2		1.16		1.67		1.43		1.12		0.94		0.83		0.80		0.75		0.85		0.85				1.71		1.46		1.19		1.03		0.92		0.90		0.82		0.87		0.86

		DF		3		1.14		1.72		1.42		1.15		0.96		0.84		0.79		0.74		0.78		0.76				1.72		1.47		1.18		0.99		0.87		0.83		0.75		0.80		0.79

		DF		4		1.16		1.76		1.53		1.22		1.03		0.89		0.83		0.73		0.75		0.72				1.76		1.51		1.22		1.01		0.88		0.83		0.74		0.77		0.75

		DF		5		1.18		1.81		1.56		1.27		1.05		0.89		0.84		0.75		0.76		0.75				1.81		1.58		1.28		1.06		0.91		0.86		0.76		0.78		0.77

		DF		6		1.23		1.85		1.65		1.35		1.10		0.95		0.90		0.79		0.82		0.81				1.84		1.66		1.36		1.13		0.97		0.91		0.80		0.82		0.80

		DF		7		1.28		1.85		1.76		1.46		1.23		1.05		0.98		0.85		0.87		0.85				1.86		1.74		1.46		1.22		1.04		0.98		0.84		0.85		0.83

		DF		8		1.30		1.87		1.82		1.56		1.31		1.12		1.04		0.88		0.87		0.83				1.90		1.82		1.57		1.32		1.13		1.05		0.89		0.89		0.86

		DF		9		1.38		1.98		1.87		1.67		1.42		1.21		1.13		0.94		0.92		0.88				1.94		1.88		1.68		1.43		1.22		1.14		0.96		0.94		0.90

		DF		10		1.47		1.96		1.97		1.83		1.57		1.33		1.23		1.05		1.02		0.97				1.98		1.94		1.79		1.56		1.33		1.24		1.04		1.02		0.97

		DF		11		1.53		2.01		1.96		1.89		1.68		1.46		1.35		1.14		1.11		1.06				2.00		1.98		1.89		1.68		1.45		1.35		1.13		1.10		1.05

		DF		12		1.59		2.03		2.02		1.97		1.77		1.57		1.45		1.21		1.17		1.11				2.03		2.02		1.97		1.79		1.58		1.47		1.24		1.20		1.14

		DF		13		1.71		2.06		2.08		2.05		1.92		1.72		1.61		1.36		1.32		1.26				2.02		2.07		2.05		1.91		1.71		1.61		1.36		1.32		1.26

		DF		14		1.80		1.99		2.13		2.13		2.04		1.84		1.74		1.50		1.45		1.37				2.00		2.11		2.11		2.03		1.85		1.75		1.51		1.46		1.38

		DF		15		1.90		1.93		2.12		2.14		2.14		2.00		1.92		1.67		1.62		1.53				2.00		2.13		2.15		2.11		1.97		1.88		1.65		1.60		1.52

		DF		16		1.99		2.12		2.17		2.19		2.18		2.06		2.00		1.77		1.73		1.64				2.03		2.13		2.16		2.17		2.05		1.99		1.77		1.72		1.64

		DF		17		2.02		2.01		2.09		2.16		2.21		2.12		2.07		1.89		1.86		1.76				2.03		2.11		2.16		2.20		2.10		2.04		1.85		1.81		1.72

		GF		1		1.34		1.82		1.55		1.27		1.21		1.07		1.03		1.25		1.46		1.25				1.84		1.53		1.23		1.14		1.00		0.94		1.07		1.22		1.07

		GF		2		1.23		1.88		1.51		1.14		0.99		0.83		0.74		0.69		0.70		0.68				1.86		1.53		1.19		1.06		0.91		0.84		0.87		0.95		0.88

		GF		3		1.20		1.86		1.52		1.15		0.98		0.82		0.77		0.69		0.73		0.74				1.89		1.55		1.19		1.02		0.86		0.80		0.74		0.79		0.76

		GF		4		1.27		1.92		1.62		1.27		1.07		0.91		0.84		0.73		0.79		0.76				1.93		1.61		1.24		1.05		0.88		0.81		0.72		0.76		0.74

		GF		5		1.26		1.99		1.68		1.30		1.07		0.87		0.80		0.72		0.74		0.74				1.99		1.68		1.31		1.09		0.91		0.84		0.74		0.77		0.76

		GF		6		1.28		2.06		1.75		1.35		1.16		0.99		0.91		0.79		0.79		0.78				2.04		1.76		1.39		1.15		0.96		0.90		0.78		0.79		0.78

		GF		7		1.30		2.02		1.82		1.53		1.22		0.99		0.95		0.81		0.83		0.81				2.09		1.83		1.51		1.24		1.03		0.96		0.82		0.84		0.82

		GF		8		1.43		2.23		1.95		1.63		1.34		1.13		1.05		0.88		0.92		0.89				2.12		1.91		1.62		1.34		1.11		1.03		0.86		0.88		0.87

		GF		9		1.40		2.08		1.93		1.70		1.45		1.18		1.08		0.89		0.90		0.92				2.13		1.97		1.71		1.45		1.20		1.09		0.90		0.91		0.90

		GF		10		1.43		2.13		2.03		1.80		1.55		1.28		1.15		0.91		0.91		0.88				2.14		2.04		1.80		1.55		1.30		1.18		0.95		0.96		0.93

		GF		11		1.54		2.17		2.15		1.89		1.66		1.43		1.31		1.05		1.06		1.01				2.18		2.13		1.88		1.67		1.42		1.29		1.03		1.03		0.99

		GF		12		1.60		2.24		2.21		1.96		1.77		1.52		1.39		1.11		1.09		1.03				2.24		2.21		1.96		1.79		1.55		1.42		1.13		1.11		1.06

		GF		13		1.73		2.33		2.30		2.06		1.96		1.72		1.57		1.23		1.19		1.14				2.27		2.26		2.02		1.89		1.67		1.55		1.24		1.21		1.15

		GF		14		1.75		2.25		2.25		2.01		1.92		1.77		1.67		1.36		1.34		1.26				2.28		2.29		2.07		1.96		1.78		1.68		1.37		1.34		1.26

		GF		15		1.86		2.26		2.34		2.15		2.02		1.88		1.81		1.51		1.49		1.39				2.29		2.31		2.12		2.00		1.88		1.80		1.49		1.48		1.38

		GF		16		1.94		2.38		2.36		2.20		2.07		2.00		1.94		1.61		1.60		1.48				2.29		2.31		2.16		2.02		1.95		1.90		1.60		1.60		1.49

		GF		17		1.95		2.23		2.24		2.16		1.98		1.97		1.96		1.72		1.73		1.63				2.27		2.28		2.17		2.01		1.98		1.95		1.68		1.68		1.58

		Douglas-fir				1.48		1.90		1.83		1.67		1.51		1.35		1.28		1.12		1.11		1.07

		Grand Fir				1.50		2.11		1.95		1.68		1.50		1.32		1.23		1.06		1.07		1.02
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						0.0625		0.25		0.375		0.25		0.0625						Plantation Heights

								6		8		11		14		17		19		25		28		31										Plantation Age

		Species		Arc		Total Of Height		6		8		11		14		17		19		25		28		31				6		8		11		14		17		19		25		28		31				10m Site		Smooth		10mReg		Smooth		Tpa		CSI_14		DoH_14		10m Site		Tinc 11-17		Tinc 19-25

		DF		1		34.28		9.19		15.03		24.39		31.55		38.84		43.54		59.61		63.88		69.14				9.16		14.92		24.16		31.59		39.20		44.03		60.41		64.89		70.00				7.04		7.25		98%		95%		1949		436		1.140		8.67		19.46		18.42

		DF		2		27.93		9.08		14.60		23.46		31.46		39.69		44.67		61.41		66.08		70.78				9.12		14.87		24.06		31.84		39.97		45.11		62.06		66.94		72.01				7.54		7.64		92%		91%		1619		331		1.049		8.67		19.46		18.42

		DF		3		31.78		9.12		15.05		24.43		32.43		41.20		46.89		65.19		71.21		76.38				9.03		14.90		24.23		32.38		41.11		46.69		64.17		69.28		74.66				8.44		8.04		84%		88%		1344		268		1.009		8.67		19.46		18.42

		DF		4		34.21		8.90		14.94		24.50		33.12		42.41		48.47		65.68		70.29		76.25				8.90		14.92		24.52		33.01		42.21		48.22		65.95		70.88		76.90				8.09		8.25		89%		87%		1117		235		1.031		8.67		19.46		18.42

		DF		5		35.30		8.70		14.87		24.82		33.62		43.28		49.61		67.67		71.95		79.07				8.77		14.93		24.81		33.55		43.00		49.33		67.23		72.07		78.71				8.35		8.39		88%		87%		927		211		1.080		8.67		19.46		18.42

		DF		6		36.80		8.64		14.90		24.91		33.77		43.22		49.99		68.22		73.58		80.43				8.75		15.02		25.18		34.16		43.66		50.12		68.20		73.36		80.27				8.67		8.54		86%		87%		770		194		1.147		8.67		19.46		18.42

		DF		7		39.59		8.90		15.34		25.92		35.19		44.60		50.85		68.88		74.82		81.82				8.80		15.15		25.61		34.85		44.34		50.77		68.94		74.32		81.30				8.63		8.60		88%		88%		640		182		1.235		8.67		19.46		18.42

		DF		8		41.72		8.85		15.20		25.97		35.61		45.24		51.57		69.92		74.87		81.92				8.82		15.22		25.87		35.31		44.81		51.23		69.52		74.74		81.76				8.55		8.59		90%		90%		531		170		1.333		8.67		19.46		18.42

		DF		9		42.22		8.74		15.18		25.90		35.31		44.67		51.28		69.54		74.42		81.44				8.82		15.22		25.94		35.50		45.03		51.53		70.01		75.07		82.13				8.52		8.62		91%		90%		441		159		1.445		8.67		19.46		18.42

		DF		10		43.13		8.86		15.30		25.93		35.59		45.19		51.73		70.88		76.06		83.15				8.81		15.17		25.96		35.64		45.35		51.87		70.45		75.54		82.70				8.81		8.69		88%		89%		367		149		1.569		8.67		19.46		18.42

		DF		11		44.83		8.87		15.12		26.20		36.11		46.22		52.68		70.84		76.04		83.35				8.70		14.94		25.87		35.72		45.66		52.15		70.62		75.76		83.13				8.70		8.72		89%		89%		304		136		1.687		8.67		19.46		18.42

		DF		12		44.91		8.41		14.48		25.48		35.48		45.60		52.07		70.48		75.56		83.25				8.47		14.54		25.55		35.53		45.66		52.14		70.42		75.58		83.17				8.73		8.72		89%		89%		247		120		1.802		8.67		19.46		18.42

		DF		13		45.02		8.20		14.04		25.11		35.21		45.43		51.92		69.88		75.00		82.93				8.23		14.15		25.16		35.20		45.43		51.95		70.16		75.45		83.11				8.67		8.76		88%		87%		200		105		1.922		8.67		19.46		18.42

		DF		14		44.93		8.00		13.86		24.76		34.82		45.14		51.75		70.05		75.65		83.02				8.08		13.88		24.85		34.87		45.19		51.77		70.07		75.62		83.22				8.89		8.87		85%		86%		163		92		2.037		8.67		19.46		18.42

		DF		15		45.25		8.04		13.74		24.82		34.70		45.13		51.79		70.30		76.24		83.85				8.00		13.69		24.56		34.56		44.98		51.61		70.13		75.90		83.49				9.05		9.00		83%		84%		132		78		2.127		8.67		19.46		18.42

		DF		16		44.04		7.86		13.28		23.83		33.82		44.35		50.89		69.63		75.43		83.01				8.00		13.68		24.39		34.45		44.96		51.68		70.44		76.33		84.08				9.06		9.12		83%		82%		107		65		2.187		8.67		19.46		18.42

		DF		17		45.70		8.14		14.09		24.64		34.95		45.52		52.54		71.60		77.62		85.77				8.06		13.86		24.45		34.65		45.21		52.08		71.03		76.98		84.96				9.29		9.22		81%		82%		87		55		2.221		8.67		19.46		18.42

		GF		1		29.11		7.75		13.00		22.04		27.33		36.09		43.12		48.27		46.00		56.72				7.73		12.85		21.52		26.86		36.83		43.75		52.48		51.56		62.05				4.07		5.38		144%		109%		1949		370		1.205		10.03		20.35		22.51

		GF		2		25.51		7.75		12.54		20.30		25.66		38.07		44.54		61.29		63.24		73.20				7.65		12.66		20.95		26.52		38.05		44.96		57.93		58.73		69.04				8.18		7.01		71%		82%		1619		284		1.142		10.03		20.35		22.51

		GF		3		27.40		7.41		12.44		20.63		26.58		40.10		47.53		63.51		65.92		76.15				7.52		12.51		20.63		26.68		39.18		46.22		62.17		64.37		74.72				8.57		8.21		68%		71%		1344		229		1.106		10.03		20.35		22.51

		GF		4		28.95		7.50		12.54		20.60		27.41		39.57		46.42		63.66		66.59		77.32				7.40		12.45		20.74		27.41		39.75		46.93		64.24		67.24		77.64				8.53		8.67		70%		69%		1117		199		1.112		10.03		20.35		22.51

		GF		5		29.71		7.15		12.21		20.69		27.86		39.55		47.37		65.57		69.18		79.88				7.32		12.49		21.26		28.59		40.33		47.57		65.98		69.64		79.66				9.00		8.94		69%		70%		927		180		1.139		10.03		20.35		22.51

		GF		6		35.80		7.38		12.88		22.66		30.69		41.87		48.20		68.24		72.71		81.03				7.25		12.54		21.85		29.84		41.20		48.61		68.21		72.50		82.01				9.15		9.29		71%		70%		770		167		1.187		10.03		20.35		22.51

		GF		7		37.62		7.25		12.55		22.31		31.25		42.09		50.88		71.22		76.04		85.76				7.13		12.44		21.97		30.48		41.81		49.44		70.14		74.88		84.38				9.75		9.67		68%		69%		640		155		1.268		10.03		20.35		22.51

		GF		8		36.54		6.71		11.84		21.01		29.51		41.91		49.20		71.16		76.28		86.10				7.02		12.34		21.88		30.74		42.01		49.54		71.20		76.21		86.12				10.19		9.90		66%		68%		531		143		1.367		10.03		20.35		22.51

		GF		9		39.77		7.11		12.66		22.34		31.59		41.78		48.81		71.70		76.67		87.17				7.05		12.43		22.13		31.39		42.34		49.58		71.82		77.10		87.30				9.82		9.95		70%		69%		441		133		1.460		10.03		20.35		22.51

		GF		10		43.36		7.22		12.69		22.73		32.69		43.35		50.54		72.32		78.21		88.58				7.12		12.44		22.42		32.11		42.82		49.90		72.43		78.02		88.16				9.91		10.00		71%		70%		367		125		1.552		10.03		20.35		22.51

		GF		11		43.70		7.20		12.23		22.71		32.69		43.62		50.58		73.72		79.55		89.27				7.03		12.12		22.18		32.03		42.72		49.74		72.66		78.45		88.32				10.20		10.11		68%		69%		304		112		1.659		10.03		20.35		22.51

		GF		12		42.52		6.67		11.47		21.21		30.99		41.52		48.42		72.11		77.88		87.28				6.79		11.63		21.45		31.21		41.90		48.92		72.14		78.02		87.74				10.21		10.19		67%		67%		247		96		1.776		10.03		20.35		22.51

		GF		13		42.40		6.55		11.16		20.52		29.98		40.61		47.72		70.78		76.83		86.96				6.56		11.20		20.63		30.28		40.98		48.11		71.32		77.28		86.97				10.20		10.24		65%		64%		200		80		1.876		10.03		20.35		22.51

		GF		14		43.54		6.44		11.02		20.33		30.10		40.99		48.44		71.34		77.35		86.72				6.33		10.74		19.64		29.24		39.95		47.20		70.35		76.41		85.97				10.29		10.27		62%		62%		163		65		1.944		10.03		20.35		22.51

		GF		15		41.27		6.01		10.03		18.00		27.59		38.23		45.40		68.89		75.12		84.48				6.09		10.26		18.49		27.93		38.54		45.81		69.00		75.09		84.54				10.35		10.27		59%		59%		132		50		1.997		10.03		20.35		22.51

		GF		16		40.00		5.72		9.52		17.01		26.01		36.36		43.65		66.77		72.74		82.17				6.00		10.07		17.73		26.94		37.39		44.62		67.81		73.85		83.37				10.18		10.22		58%		57%		107		39		2.029		10.03		20.35		22.51

		GF		17		40.50		6.23		10.56		17.87		26.90		37.25		44.40		67.49		73.47		83.24				6.09		10.27		17.66		26.72		37.09		44.28		67.40		73.39		83.05				10.14		10.17		57%		57%		87		32		2.026		10.03		20.35		22.51

		Douglas-fir				40.10		8.62		14.65		25.00		34.28		43.87		50.13		68.22		73.45		80.33

		Grand Fir				36.92		6.94		11.84		20.76		29.11		40.17		47.37		67.53		71.99		81.88
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						0.0625		0.25		0.375		0.25		0.0625						Plantation Dbh

								6		8		11		14		17		19		25		28		31										Plantation Age														Dbh and Height Growth for Period 11 to 17 (six years)																Dbh and Height Growth for Period 19 to 25 (six years)

		Species		Arc		Aveage Dbh		6		8		11		14		17		19		25		28		31				6		8		11		14		17		19		25		28		31				Dbh Inc		Htt Inc		Rdinc		Rhinc		Tpa		CSI_11		DoH_11				Dbh Inc		Htt Inc		Rdinc		Rhinc		Tpa		CSI_19		DoH_19

		DF		1		4.05		1.00		1.93		3.15		3.97		4.63		5.20		6.51		7.12		7.72				0.97		1.87		2.99		3.71		4.30		4.80		6.10		6.85		7.40				1.31		15.04		0.562		0.773		1949		337		1.266				1.30		16.37		0.587		0.889		1949		605		1.013

		DF		2		2.74		0.91		1.74		2.60		3.10		3.54		3.89		5.16		6.27		6.71				0.94		1.83		2.84		3.44		3.97		4.38		5.66		6.51		6.96				1.12		15.91		0.481		0.818		1619		265		1.211				1.27		16.95		0.576		0.920		1619		446		0.900

		DF		3		3.05		0.94		1.81		2.80		3.27		3.74		4.09		5.40		6.24		6.56				0.93		1.84		2.83		3.38		3.87		4.23		5.43		6.23		6.61				1.04		16.88		0.445		0.868		1344		219		1.197				1.20		17.48		0.544		0.949		1344		354		0.835

		DF		4		3.35		0.91		1.91		2.96		3.57		4.13		4.44		5.40		5.98		6.24				0.92		1.90		2.97		3.53		4.04		4.40		5.51		6.17		6.55				1.07		17.68		0.460		0.909		1117		192		1.235				1.12		17.73		0.505		0.963		1117		309		0.838

		DF		5		3.54		0.91		1.96		3.14		3.72		4.22		4.62		5.73		6.20		6.75				0.91		1.98		3.16		3.76		4.29		4.69		5.78		6.38		6.86				1.13		18.19		0.485		0.935		927		171		1.297				1.09		17.90		0.493		0.972		927		279		0.872

		DF		6		3.86		0.89		2.05		3.33		3.94		4.49		5.00		6.14		6.84		7.44				0.93		2.10		3.41		4.08		4.63		5.06		6.16		6.80		7.36				1.22		18.48		0.521		0.949		770		156		1.376				1.10		18.08		0.496		0.982		770		256		0.925

		DF		7		4.49		0.98		2.29		3.77		4.59		5.16		5.54		6.62		7.40		8.03				0.96		2.23		3.72		4.50		5.07		5.50		6.57		7.22		7.75				1.34		18.73		0.575		0.962		640		144		1.469				1.08		18.18		0.488		0.987		640		237		0.990

		DF		8		4.83		1.01		2.34		4.04		4.92		5.51		5.91		6.94		7.41		7.79				1.00		2.35		4.03		4.93		5.51		5.96		7.02		7.56		8.02				1.48		18.94		0.634		0.973		531		132		1.573				1.07		18.29		0.482		0.993		531		220		1.062

		DF		9		5.20		1.05		2.43		4.30		5.29		5.87		6.40		7.42		7.81		8.19				1.02		2.43		4.34		5.38		6.00		6.48		7.60		8.05		8.46				1.66		19.09		0.712		0.981		441		120		1.686				1.12		18.48		0.508		1.003		441		205		1.148

		DF		10		5.78		1.01		2.54		4.69		5.89		6.57		7.06		8.40		8.81		9.21				1.03		2.49		4.63		5.86		6.60		7.10		8.33		8.76		9.20				1.97		19.38		0.842		0.996		367		109		1.799				1.22		18.58		0.553		1.009		367		194		1.250

		DF		11		6.45		1.05		2.52		4.95		6.43		7.36		7.86		9.14		9.65		10.19				1.02		2.49		4.86		6.32		7.25		7.78		9.07		9.53		10.03				2.38		19.80		1.020		1.017		304		96		1.897				1.29		18.47		0.585		1.002		304		183		1.361

		DF		12		6.80		1.00		2.45		4.97		6.64		7.79		8.39		9.65		10.06		10.58				0.99		2.46		5.02		6.71		7.85		8.47		9.86		10.33		10.89				2.84		20.11		1.215		1.033		247		81		1.986				1.39		18.28		0.628		0.992		247		167		1.481

		DF		13		7.48		0.94		2.42		5.19		7.12		8.48		9.19		10.76		11.27		11.95				0.94		2.42		5.13		7.08		8.45		9.20		10.80		11.34		11.93				3.32		20.27		1.423		1.041		200		68		2.069				1.60		18.21		0.724		0.988		200		152		1.616

		DF		14		8.03		0.89		2.38		5.22		7.45		9.02		9.94		11.84		12.48		13.02				0.90		2.39		5.20		7.42		9.05		9.96		11.89		12.54		13.15				3.85		20.34		1.648		1.045		163		56		2.128				1.93		18.30		0.872		0.994		163		139		1.757

		DF		15		8.77		0.87		2.37		5.25		7.81		9.78		10.89		13.18		13.99		14.62				0.88		2.36		5.21		7.67		9.56		10.66		12.97		13.76		14.41				4.35		20.42		1.863		1.049		132		46		2.163				2.31		18.52		1.046		1.005		132		124		1.886

		DF		16		8.95		0.89		2.30		5.12		7.70		9.82		11.09		13.81		14.69		15.45				0.88		2.35		5.21		7.86		9.96		11.25		13.95		14.85		15.61				4.75		20.57		2.036		1.057		107		37		2.183				2.70		18.76		1.220		1.018		107		109		1.987

		DF		17		9.72		0.89		2.38		5.28		8.18		10.48		11.99		15.14		16.22		17.10				0.89		2.36		5.24		8.04		10.27		11.70		14.68		15.70		16.53				5.03		20.76		2.156		1.067		87		30		2.188				2.99		18.95		1.352		1.029		87		94		2.049

		GF		1		3.62		0.73		1.56		2.67		3.44		4.13		4.79		6.34		6.88		7.38				0.73		1.52		2.52		3.23		3.90		4.44		5.85		6.33		6.89				1.38		15.32		0.565		0.753		1949		279		1.233				1.41		8.73		0.521		0.388		1949		546		0.943

		GF		2		2.36		0.72		1.43		2.17		2.77		3.34		3.59		4.74		5.04		5.70				0.73		1.48		2.36		3.02		3.67		4.11		5.29		5.78		6.42				1.31		17.11		0.536		0.841		1619		217		1.197				1.18		12.96		0.438		0.576		1619		411		0.846

		GF		3		2.57		0.74		1.44		2.24		2.85		3.57		4.01		4.86		5.41		6.27				0.72		1.47		2.32		2.94		3.61		4.01		5.02		5.64		6.31				1.29		18.54		0.528		0.911		1344		177		1.200				1.00		15.95		0.371		0.708		1344		331		0.802

		GF		4		2.80		0.70		1.53		2.47		3.09		3.81		4.21		5.12		6.19		6.59				0.71		1.51		2.43		3.06		3.72		4.14		5.15		5.90		6.54				1.29		19.01		0.529		0.934		1117		154		1.247				1.00		17.31		0.372		0.769		1117		287		0.814

		GF		5		2.90		0.70		1.52		2.50		3.13		3.66		4.15		5.35		5.96		6.77				0.71		1.58		2.63		3.29		3.94		4.39		5.52		6.25		6.89				1.31		19.07		0.538		0.937		927		139		1.308				1.13		18.41		0.419		0.818		927		256		0.850

		GF		6		3.68		0.70		1.72		2.95		3.67		4.44		4.80		6.09		6.69		7.22				0.73		1.68		2.87		3.61		4.28		4.79		6.04		6.74		7.38				1.41		19.36		0.576		0.951		770		128		1.381				1.25		19.60		0.463		0.871		770		238		0.904

		GF		7		4.10		0.79		1.80		3.15		3.97		4.56		5.32		6.58		7.38		8.06				0.76		1.74		3.10		3.95		4.67		5.24		6.58		7.37		8.03				1.57		19.84		0.645		0.975		640		116		1.478				1.34		20.70		0.496		0.919		640		223		0.972

		GF		8		4.39		0.77		1.70		3.19		4.23		5.17		5.70		7.22		8.23		8.86				0.78		1.77		3.31		4.30		5.06		5.61		7.01		7.86		8.61				1.75		20.13		0.717		0.990		531		103		1.585				1.40		21.66		0.517		0.962		531		203		1.039

		GF		9		4.79		0.81		1.81		3.57		4.68		5.31		5.79		7.24		7.95		9.07				0.81		1.83		3.56		4.71		5.49		5.99		7.36		8.20		9.00				1.93		20.22		0.789		0.994		441		94		1.684				1.37		22.24		0.506		0.988		441		184		1.107

		GF		10		5.32		0.84		1.96		3.89		5.19		5.98		6.41		7.49		8.35		8.94				0.82		1.92		3.82		5.14		6.03		6.52		7.86		8.68		9.42				2.20		20.40		0.902		1.002		367		85		1.777				1.35		22.53		0.499		1.001		367		172		1.196

		GF		11		6.07		0.84		2.04		4.11		5.64		6.83		7.38		8.89		9.74		10.37				0.81		1.94		3.97		5.48		6.56		7.10		8.57		9.35		10.02				2.59		20.54		1.062		1.010		304		74		1.870				1.46		22.92		0.542		1.018		304		161		1.308

		GF		12		6.13		0.76		1.82		3.93		5.61		6.81		7.43		9.17		9.81		10.45				0.77		1.89		3.97		5.69		6.99		7.64		9.29		10.00		10.72				3.02		20.45		1.236		1.005		247		60		1.954				1.65		23.23		0.611		1.032		247		144		1.433

		GF		13		6.63		0.73		1.87		3.97		5.94		7.47		8.20		9.88		10.48		11.42				0.73		1.82		3.90		5.80		7.36		8.16		10.04		10.77		11.55				3.46		20.35		1.418		1.000		200		48		2.013				1.88		23.21		0.694		1.031		200		129		1.560

		GF		14		7.28		0.70		1.74		3.79		5.89		7.78		8.84		11.06		11.92		12.67				0.69		1.74		3.74		5.77		7.60		8.63		10.84		11.71		12.49				3.86		20.31		1.583		0.998		163		37		2.058				2.21		23.15		0.818		1.028		163		113		1.684

		GF		15		7.46		0.61		1.61		3.49		5.57		7.66		8.93		11.59		12.75		13.45				0.67		1.68		3.55		5.61		7.69		8.94		11.58		12.61		13.36				4.14		20.05		1.695		0.986		132		28		2.115				2.63		23.20		0.975		1.030		132		97		1.804

		GF		16		7.74		0.72		1.66		3.32		5.37		7.64		9.10		12.10		13.12		13.87				0.69		1.68		3.43		5.46		7.72		9.18		12.24		13.41		14.21				4.30		19.66		1.761		0.966		107		22		2.157				3.06		23.19		1.131		1.030		107		81		1.907

		GF		17		8.18		0.72		1.74		3.43		5.40		7.86		9.55		13.15		14.60		15.55				0.71		1.71		3.40		5.40		7.80		9.40		12.79		14.11		15.00				4.39		19.43		1.798		0.955		87		18		2.155				3.39		23.12		1.256		1.027		87		68		1.969

		Douglas-fir				5.71		0.95		2.22		4.16		5.50		6.50		7.15		8.66		9.32		9.86

		Grand Fir				5.06		0.74		1.70		3.23		4.50		5.65		6.36		8.05		8.85		9.57





		



DF 17

DF 16

DF 15

DF 14

DF 13

DF 12

DF 11

DF 10

DF 9

DF 8

DF 7

DF 6

DF 5

DF 4

DF 3

DF 2

DF 1

Age (years)

Diameter (inches)

Douglas-fir - Diameter Breast Height by Age and Arc
Newton & Cole Nelder Plots



		



GF 17

GF 16

GF 15

GF 14

GF 13

GF 12

GF 11

GF 10

GF 9

GF 8

GF 7

GF 6

GF 5

GF 4

GF 3

GF 2

GF 1

Age (years)

Diameter (inches)

Grand fir - Diameter Breast Height by Age and Arc
Newton & Cole Nelder Plots



		



Douglas-fir

Grand Fir

Age (years)

Diameter BH (inches)

Douglas-fir and Grand fir - Dbh by Age
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Douglas-fir and Grand fir - Height Increment by Density
Newton & Cole Nelder Plots
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Douglas-fir and Grand fir - Relative Height Increment
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						0.0625		0.25		0.375		0.25		0.0625						Cubic foot Volumes

								6		8		11		14		17		19		25		28		31										Plantation Age																				Cubic Volume per Acre by Plantation Age

		Species		Arc		Aveage Dbh		6		8		11		14		17		19		25		28		31				6		8		11		14		17		19		25		28		31				Tpa		6		8		11		14		17		19		25		28		31

		DF		1		4.05		0.02		0.11		0.46		0.95		1.59		2.25		4.82		6.18		7.87				0.02		0.10		0.42		0.84		1.40		1.96		4.32		5.82		7.32				1949		0		0		0		0		0		0		0		0		0

		DF		2		2.74		0.01		0.08		0.30		0.58		0.95		1.29		3.12		4.96		6.09				0.02		0.10		0.37		0.73		1.21		1.67		3.81		5.41		6.67				1619		0		0		0		0		0		0		0		0		0

		DF		3		3.05		0.02		0.09		0.37		0.66		1.10		1.50		3.63		5.29		6.28				0.01		0.10		0.37		0.71		1.19		1.61		3.62		5.14		6.22				1344		0		0		0		0		0		0		0		0		0

		DF		4		3.35		0.01		0.10		0.41		0.81		1.38		1.82		3.66		4.79		5.67				0.01		0.10		0.41		0.79		1.32		1.79		3.84		5.16		6.33				1117		0		0		0		0		0		0		0		0		0

		DF		5		3.54		0.01		0.11		0.47		0.89		1.47		2.02		4.24		5.28		6.88				0.01		0.11		0.48		0.91		1.52		2.09		4.32		5.64		7.15				927		0		0		0		0		0		0		0		0		0

		DF		6		3.86		0.01		0.12		0.53		1.00		1.66		2.38		4.90		6.58		8.51				0.01		0.13		0.57		1.10		1.81		2.47		4.97		6.53		8.37				770		0		0		0		0		0		0		0		0		6,448

		DF		7		4.49		0.02		0.15		0.71		1.41		2.26		2.98		5.76		7.83		10.07				0.02		0.14		0.68		1.36		2.20		2.95		5.72		7.42		9.36				640		0		0		0		0		0		0		0		4,746		5,989

		DF		8		4.83		0.02		0.16		0.81		1.65		2.62		3.44		6.44		7.85		9.49				0.02		0.16		0.81		1.65		2.62		3.50		6.58		8.19		10.06				531		0		0		0		0		0		0		3,496		4,347		5,341

		DF		9		5.20		0.02		0.17		0.91		1.89		2.93		4.01		7.31		8.68		10.44				0.02		0.17		0.94		1.98		3.13		4.17		7.80		9.37		11.31				441		0		0		0		0		0		0		3,441		4,131		4,990

		DF		10		5.78		0.02		0.19		1.09		2.36		3.72		4.92		9.54		11.27		13.46				0.02		0.18		1.07		2.36		3.82		5.05		9.42		11.18		13.49				367		0		0		0		0		0		1,853		3,456		4,103		4,953

		DF		11		6.45		0.02		0.18		1.22		2.85		4.78		6.21		11.30		13.53		16.52				0.02		0.18		1.17		2.74		4.62		6.08		11.17		13.22		16.08				304		0		0		0		0		1,403		1,848		3,397		4,019		4,888

		DF		12		6.80		0.02		0.17		1.20		2.98		5.28		6.99		12.52		14.61		17.80				0.02		0.17		1.23		3.06		5.40		7.18		13.15		15.51		18.98				247		0		0		0		0		1,335		1,774		3,247		3,832		4,687

		DF		13		7.48		0.01		0.16		1.29		3.40		6.24		8.37		15.43		18.17		22.60				0.01		0.16		1.26		3.37		6.22		8.45		15.77		18.72		22.81				200		0		0		0		675		1,245		1,690		3,154		3,743		4,562

		DF		14		8.03		0.01		0.15		1.29		3.69		7.01		9.77		18.76		22.49		26.85				0.01		0.15		1.28		3.67		7.08		9.87		19.09		22.95		27.75				163		0		0		0		598		1,155		1,608		3,112		3,741		4,523

		DF		15		8.77		0.01		0.15		1.31		4.05		8.23		11.72		23.31		28.49		34.22				0.01		0.15		1.27		3.89		7.86		11.25		22.69		27.64		33.40				132		0		0		0		513		1,038		1,484		2,996		3,649		4,409

		DF		16		8.95		0.01		0.13		1.19		3.82		8.16		11.94		25.35		31.06		37.80				0.01		0.14		1.26		4.07		8.54		12.52		26.30		32.35		39.38				107		0		0		0		436		914		1,340		2,814		3,462		4,213

		DF		17		9.72		0.01		0.15		1.31		4.46		9.55		14.42		31.33		38.97		47.90				0.01		0.15		1.28		4.28		9.12		13.63		29.33		36.34		44.52				87		0		0		0		372		794		1,186		2,552		3,161		3,873

		GF		1		3.62		0.01		0.06		0.30		0.62		1.18		1.89		3.70		4.16		5.90				0.01		0.06		0.26		0.54		1.07		1.66		3.38		3.86		5.55				1949		0		0		0		0		0		0		0		0		0

		GF		2		2.36		0.01		0.05		0.18		0.38		0.81		1.10		2.63		3.07		4.54				0.01		0.05		0.23		0.47		0.98		1.46		3.06		3.68		5.38				1619		0		0		0		0		0		0		0		0		0

		GF		3		2.57		0.01		0.05		0.20		0.41		0.97		1.46		2.86		3.68		5.72				0.01		0.05		0.21		0.44		0.98		1.43		2.98		3.92		5.69				1344		0		0		0		0		0		0		0		0		0

		GF		4		2.80		0.01		0.06		0.24		0.50		1.10		1.57		3.18		4.87		6.41				0.01		0.05		0.24		0.49		1.06		1.54		3.27		4.50		6.37				1117		0		0		0		0		0		0		0		0		0

		GF		5		2.90		0.01		0.05		0.25		0.52		1.01		1.56		3.59		4.69		6.99				0.01		0.06		0.29		0.60		1.21		1.77		3.89		5.25		7.26				927		0		0		0		0		0		0		0		0		0

		GF		6		3.68		0.01		0.07		0.38		0.79		1.57		2.12		4.83		6.21		8.06				0.01		0.07		0.35		0.76		1.46		2.16		4.82		6.40		8.63				770		0		0		0		0		0		0		0		0		6,647

		GF		7		4.10		0.01		0.08		0.42		0.94		1.67		2.75		5.89		7.92		10.63				0.01		0.07		0.40		0.92		1.76		2.62		5.86		7.85		10.52				640		0		0		0		0		0		0		0		5,027		6,731

		GF		8		4.39		0.01		0.07		0.41		1.01		2.14		3.05		7.08		9.85		12.90				0.01		0.07		0.46		1.10		2.06		2.99		6.71		9.03		12.27				531		0		0		0		0		0		0		3,561		4,792		6,514

		GF		9		4.79		0.01		0.08		0.54		1.32		2.25		3.12		7.18		9.25		13.70				0.01		0.08		0.54		1.35		2.46		3.42		7.46		9.93		13.55				441		0		0		0		0		0		0		3,289		4,379		5,975

		GF		10		5.32		0.01		0.09		0.66		1.68		2.96		3.97		7.74		10.41		13.50				0.01		0.09		0.63		1.64		3.01		4.09		8.64		11.33		15.02				367		0		0		0		0		0		0		3,171		4,158		5,511

		GF		11		6.07		0.01		0.10		0.73		1.98		3.89		5.25		11.11		14.41		18.34				0.01		0.09		0.67		1.84		3.53		4.82		10.27		13.17		17.01				304		0		0		0		0		0		1,464		3,121		4,004		5,170

		GF		12		6.13		0.01		0.07		0.63		1.86		3.68		5.11		11.56		14.31		18.18				0.01		0.08		0.65		1.93		3.91		5.46		11.93		14.96		19.32				247		0		0		0		0		0		1,349		2,947		3,695		4,772

		GF		13		6.63		0.01		0.07		0.62		2.02		4.33		6.13		13.18		16.12		21.66				0.01		0.07		0.60		1.95		4.24		6.14		13.79		17.22		22.28				200		0		0		0		0		848		1,228		2,758		3,444		4,456

		GF		14		7.28		0.01		0.06		0.56		1.99		4.74		7.23		16.64		20.97		26.57				0.01		0.06		0.53		1.87		4.41		6.72		15.84		20.11		25.69				163		0		0		0		0		719		1,095		2,582		3,277		4,188

		GF		15		7.46		0.00		0.05		0.42		1.63		4.28		6.91		17.67		23.30		29.17				0.01		0.06		0.45		1.69		4.35		6.99		17.67		22.83		28.88				132		0		0		0		0		574		922		2,332		3,013		3,812

		GF		16		7.74		0.01		0.05		0.36		1.43		4.05		6.90		18.67		23.90		30.16				0.01		0.05		0.40		1.54		4.26		7.18		19.42		25.44		32.28				107		0		0		0		0		456		768		2,078		2,722		3,454

		GF		17		8.18		0.01		0.06		0.40		1.49		4.40		7.73		22.28		29.90		38.44				0.01		0.06		0.39		1.49		4.30		7.47		21.09		27.99		35.79				87		0		0		0		0		374		650		1,835		2,435		3,114

		Douglas-fir				5.71		0.01		0.14		0.87		2.20		4.06		5.65		11.26		13.88		16.97

		Grand Fir				5.06		0.01		0.07		0.43		1.21		2.65		3.99		9.40		12.18		15.93
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Analytical Challenges

8 trees

8 trees

Block Replicated Experiments
• Independent blocks representing density 

levels, with sets of blocks creating replication.
• Randomizing block arrangements ensures their 

independence and allows us to meet common 
analysis assumptions.

• Designed for analysis of variance for deriving 
inference (i.e. ANOVA and linear regression).

• Each set of blocks represents a single sample.



Analytical Challenges
Individual Focused – Systematic Experiment
• Each arch represents a density level, with trees in the arch 

creating replication.
• Since there is no way to randomize this, we don’t meet the assumptions 

for analysis of variance.

• Designed for model-based inference approaches.
• Each spoke provides a single sample for each density level.



Black Hills Nelder Plots

• ponderosa pine
• 2.1 acres per plot
• 16 densities
• 52 spokes / 24 replicates
• 2 – site preparations

Photo Curtesy of Mike 
Battaglia, RMRS



1 year after planting

Photo Curtesy of Mike 
Battaglia, RMRS



Study Design
• 3 – Nelder Ia design plots at SI of 50-60
• Planted in 1969 with 2 year old seedlings

• Implemented by Charles Boldt of Rocky Mountain Forest 
and Range Experiment Station, USDA Forest Service

• Spacing from 3x3 ft to 19x19 ft
• Or 4,808 to 118 trees per acre

• Each plot has 24 replicates of each spacing 
and treatment
• 2,304 possible sample trees each time step

• Inventories of DBH and height at ages:
• 3, 6, 8, 9, 11, and 12 then again at age 45
• Increment cores collected from 3 trees at each 

density in each plot – 144 cores

Half Plot Schematic



Plot Locations in the Black Hill’s Experimental Forest

45 year after planting



Objectives & 
Methods

Objectives
How does spacing and site preparation 
impact tree size and growth increment?
Does FVS accurately represent small tree 
growth?
How does spacing impact growth during 
drought periods?

Methods
• Trees filtered for alive local neighborhoods
• Tree size – DBH and height
• Growth increment - Periodic Annual Basal Area 

Increment per tree
• Compared against bareground FVS simulations
• Increment cores to evaluate growth during droughts



Results

Spacing
• Optimal spacing increases with age
• This informs the timing of thinning to 

capture growth

USDA FS – Black Hills Experimental Forest Virtual Tour

12 years old
25 years old

2.4”
6.8”



Results

Site Preparation
• The effect of spacing is 

overwhelmed by grass 
competition

Herbicide and Tilling 12” Scalps

Photo Curtesy of Mike 
Battaglia, RMRS

Plantation Age 12



Implications
Silviculture
• Informing the 

timing of thinning
Wood Quality
• Impacts on wood 

density and knots
Growth & Yield
• Validating/refining 

modeling of tree 
growth

3’ x 3’   7’ x 7’        12’ x 12’                  17’ x 17’    Spacing
Relative Size at Age 45

Herbicide and Tilling

Growth Rate
12” Scalps

USDA FS – Black Hills 
Experimental Forest 

Virtual Tour No significant treatment effect at age 45



Validating FVS
Direct evaluation of Central Rockies 
variant small tree growth model
• Bareground simulations at 50, 55, and 60 

for site index
• Treelist output at age 3, 6, 9, and 12

Initiating Bareground Simulations

Year 12 of Bareground Simulations

Photo Curtesy of Mike 
Battaglia, RMRS



Direct Evaluation of FVS Bias
DBH
• Underprediction that gets worse with age.
• Under accounts for the effect of site index in small trees.
• Under accounts for the effect of density.
• Good reason to incorporate site preparation into FVS.

DBH Bias at Age 12
• Scalped – FVS bias’s 

were -8, -42, and -86% 
for SI of 50, 55, and 60 
respectively.

• Herbicide – FVS bias’s 
were -167, -179, and         
-231% for SI of 50, 55, 
and 60 respectively



Direct Evaluation of FVS Bias
Height
• Generally capture the rate of height growth.
• Under accounts for the effect of planting density.
• Under accounts for the effect of site index in small trees.
• Good reason to incorporate site preparation into FVS.

Height Bias at Age 12
• Scalped – FVS bias’s 

were +7, -8, and -39% 
for SI of 50, 55, and 60 
respectively.

• Herbicide – FVS bias's 
were -48, -57, and -97% 
for SI of 50, 55, and 60 
respectively.

Further analysis will 
evaluate model drift



Evaluating Drought Impact on Growth
Competition impact on resistance / resilience to drought

=
𝐵𝐵𝐵𝐵𝐵𝐵𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
𝐵𝐵𝐵𝐵𝐵𝐵𝑝𝑝𝑑𝑑𝑝𝑝

=
𝐵𝐵𝐵𝐵𝐵𝐵𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
𝐵𝐵𝐵𝐵𝐵𝐵𝑝𝑝𝑑𝑑𝑝𝑝

Resilience

• Competition evaluated as relative stand density 
index (r-SDI)

Trees Per 
Acre

1985 Drought 2002 Drought
n DBH (in) r-SDI n DBH (in) r-SDI

120 7 2.9 (1.0) 0.03 8 7.4 (1.7) 0.15

195 8 2.4 (1.3) 0.04 8 6.0 (1.3) 0.17

316 7 2.9 (1.3) 0.09 8 6.0 (1.1) 0.28

512 7 1.9 (0.6) 0.07 8 4.9 (0.9) 0.32

830 9 2.2 (1.1) 0.16 9 4.6 (1.2) 0.49

1,347 8 1.6 (0.6) 0.14 8 3.7 (0.8) 0.56

2,185 8 1.7 (0.7) 0.28 8 3.7 (0.6) 0.89

3,551 7 1.5 (0.7) 0.35 8 3.0 (0.7) 1.02

Resistance

• Droughts identified as periods of PDSI below -2.5

Mean 
PDSI -3.3

Mean 
PDSI -2.8

* Only showing 8 of 16 densities



Evaluating Drought Impact on Growth
Competition impact on resistance / resilience to drought
• Strong density dependent 

response during 1985 event
• Many trees above 1, meaning 

accelerating growth.

• No significant effect during 
2002 event
• Most trees below 1, meaning 

reduced growth.

Similar responses have been 
seen to these droughts in other 
datasets.

But the 1985 drought was more 
severe, so what is going on?



Evaluating Drought Impact on Growth
Stand development stage impact on resistance / resilience research
• Density dependent growth research makes it 

clear that trees follow a sigmoidal curve.
• First drought occurred during the up swing of the 

sigmoidal curve.
• Second drought occurred after/while trees began 

declining on the sigmoidal curve.

• This provides similar resistance/resilience 
values to those observed.

FVS Bareground Simulations

FVS Simulated Values
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