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Decisions concerning spp-file has been made at the following StanForD-meetings: 2004-03-30, 2004-10-30, 2006-10-26, 2007-03-27
The spp-file was proposed by Metsäteho, Finland. This document is to a very large extent based on Metsäteho's proposals.
[bookmark: _Toc74381317]Butt end diameters
Different calculation methods are used in harvesters for extrapolating butt end diameter values from the first measured values. Butt end profiles are today created using either linear or non-linear functions or diameter coefficient tables. Tests in Finland done before 2004 have shown that the neiloid-shape profile of the butt end is not predicted well enough with these older methods, this is especially true for large trees. Very often the diameters were also underestimated. Different harvester head models start diameter measuring at different heights. Falsely extrapolated diameter values lead to incorrect volumes of the butt end. Control volume measurements in the tests showed that most of the total stem volume error, 35 - 65 %, originates from the 0 – 1 meter part of the first log.
The aim of a project, carried out by Metsäteho, was to standardize the extrapolation methods for all harvesters. In the project new coefficient tables for butt end diameter extrapolations were developed. The data needed for calculating the tables was prepared by the Finnish Forest Research Institute (Metla) and they were based on the sample tree data from the Finnish National Forest Inventories (VMI). The tables were calculated using the VMI-data and specific taper curve and stump height models (Laasasenaho, 1982) for pine, spruce and birch separately. The tables are valid for the whole of Finland, although it is known that there might be some deviations in the stem profiles for certain areas, like in Northern Finland and coastal areas. Special coefficient functions based on the tables have been developed by Metsäteho.
The models by Laasasenaho are based on measurements from the 1960’s. Laasasenaho showed in his thesis (1982), that the models were non-biased in the butt-end. It is necessary to make it possible to update the tables or functions as the average shape of the butt-end may change over time.
Metsäteho therefore proposed standardized extrapolation methods for all harvesters, including new coefficient tables for butt end diameter extrapolations as well as special coefficient functions. The first spp-file was proposed at the StanForD-meeting 2004-03-30.
Tables and functions give the extrapolation coefficient of a certain point as a result of measured diameter at breast height (also referred to as the “reference height”) and distance (height) of the extrapolation point from the point of the felling cut. The output from the tables or functions is a coefficient, e.g. 113,2 % (or 1132 in per mille format). The measured diameter at reference height multiplied with the given coefficient will give the extrapolated diameter. Observe that it is suggested that it should be possible to change the width of the DBH and distance classes as well as the reference height. 
There has been an agreement, based on discussions with the Finnish machine manufacturers, to implement the new extrapolation method, preferably as quickly as possible. Machines could use either tables or functions depending on their present method or processing capacity. The change in extrapolation method shall not affect the volume calculation method (in 10 cm steps with conical function) of the butt end.
Example of an extrapolation coefficient table for pine using 130 as reference height (coefficients for butt end profile, ‰):
	Distance from felling cut, m


[image: ]

d1,3 = diameter (cm) at 1,3 m from felling cut

Normally, there should not be any need to change the tables and functions after they have been accepted to be used. Still there is a possibility that they need to be updated some time, for instance if new data for checking the coefficients will be collected. Similar kinds of extrapolation tables can also be prepared for new tree species or they could be used in other countries than Finland as well. It would therefore be wise not to hardcode them. It is suggested that it should be possible to load and update them into bucking computers. It was therefore decided to introduce a new file with the name *.spp (stem prediction parameters). Other types of data that in the future could be included in this kind of file are bark-thickness & top extrapolation.
The following new variables were introduced with the spp-file (2004-03-30 type 1-7, 2004-10-30 type 8-12): 
	Var
	Name
	Type
	Data 
Type
	Unit
	Description
	Files and priorities

	170
	BUTT- DIAM
	1
	Integer
	Code
	Type of butt end profile extrapolation method. Used for extrapolation of butt end diameter values. Volume calculation of butt end is done according the extrapolated diameters. Method can be chosen separately for each tree species: 1…var111_t1. 
0 or no code = machine specific system for extrapolation, 1 = coefficient tables (type 3-7), 2 = function (type 8-12)
	SPP / 3
PRD / 2
PRI / 2
STM / 2
STI / 2
KTR / 2

	
	
	2
	Integer
	Cm
	Reference height / tree species: 1…var111_t1. Diameter measurement height from the felling cut point. Normally breast height (130 cm in Finland, 120 cm in Sweden) is used for extrapolation of diameter values.
	SPP / 2

	
	
	3
	Integer
	Integer
	Number of diameter classes / tree species in extrapolation coefficient table: 1…var111_t1.
Measured and classified (rounded to the nearest cm) diameter of the tree at reference height.
	SPP / 2


	
	
	4
	Integer
	Integer
	Number of distance classes / tree species in extrapolation coefficient table: 1…var111_t1.
Distance is the classified distance of the diameter to be extrapolated from the felling cut point.
	SPP / 2


	
	
	5
	Integer
	Cm
	Diameter class values of the reference height in extrapolation coefficient table / tree species. Values can be e.g. 8 – 50 cm in 1 cm intervals.:
1 … var170_t3 / 1…var111_t1.
If the measured diameter at reference height is greater than the greatest diameter class, the greatest class is used.
	SPP / 2


	
	
	6
	Integer
	Cm
	Distance class values (distance from the felling cut) in extrapolation coefficient table / tree species: 1 … var170_t4 / 1…var111_t1.
First value is 0 cm and last is the value of the actual reference height in var170_t1 (e.g. 130 cm). Intervals normally 10 cm.
	SPP / 2


	
	
	7
	Integer
	‰
	Extrapolation coefficient tables: coefficient values (multiplying values) per mille / distance class / diameter class / tree species.:
1…var170_t4 / 1 … var170_t3 / 1…var111_t1.
Example: Measured diameter at reference height (normally dbh) of stem = 23,3 cm. Distance to extrapolation point = 90 cm. Coefficient value in table at (23, 90) = 1042. Diameter value at 90 cm = 23,3 cm * 1,042 = 24,3 cm (243 mm).
	SPP / 2


	
	
	8
	Integer
	Code
	Code for type of diameter extrapolation function / tree species (used only if var170_t1 = 2) : 1…var111_t1.
1 = function as described in appendix
	SPP / 3

	
	
	9 
	Integer
	No
	Number of parameters of the diameter extrapolation function / tree species: 1…var111_t1.
Order according to var170_t8 (appendix). 
	SPP / 3

	
	
	10
	String
	Text
	Names of the parameters of the diameter extrapolation function (e.g. a00, a01 …): 1… var170_t9 / 1…var111_t1.
Order according to var170_t8 (appendix).
	SPP / 3

	
	
	11
	Integer
	Integer
	Integer part of the parameter value, negative values are possible: 1… var170_t9 / 1…var111_t1.
Order according to var170_t8 (appendix).
	SPP / 3

	
	
	12
	Long integer
	1/ 1000000000
	Decimal part of the parameter value in 1/1000000000ths (maximum 9 decimals): 1… var170_t9 / 1…var111_t1.
Order according to var170_t8 (appendix).
	SPP / 3



It was also decided to include the following text in the appendix describing var170_t8:
Code 1.
DL = [1 + (a0*(1.3-L) + a1*(1.3-L)a2)/100] * D1.3
where
DL = diameter at the distance L from the felling cut point, cm
L = distance from the felling cut point, m
D1,3 = measured diameter at the height of 1,3 m (reference height) from the felling cut point, cm

Models for butt end profile parameters:
a0 = a00 + a01*D1.3+a02*D1.3^2 + a03*D1.3^3 + a04*D1.3^4
a1 = a10 + a11*D1.3+a12*D1.3^2 + a13*D1.3^3
a2 = a20 + a21*D1.3+a22*D1.3^2
where
D1,3 = min(45; D1,3)

The parameters should always be registered in the following order in var 170_t9 to t12:
a01, a02, a03, a04, a11, a12, a13, a21, a22

Observe that stems with a DBH above 45 cm should use the relative taper of a stem with
DBH 45 cm and stems with a DBH below 8 cm should use the relative taper of a stem
with DBH 8 cm.

[bookmark: OLE_LINK3]Observe that for big trees (D1,3 > 45 cm) the proportional shape of butt-end is kept similar to 45 cm trees when using finnish functions as defined above. When using tables, coefficients are taken from the last row and when using functions, D1,3 is delimited to 45 cm in parameter functions (as described above).
Parameter values of the model according to original proposal:
	 Tree species
	a00
	a01
	a02
	a03
	A04

	Pine
	24,30
	- 1,324
	  0,039372
	- 0,0003850
	0

	Spruce
	30,46
	- 3,399
	  0,181337
	- 0,0043459
	0,00003908

	Birch
	27,04
	- 2,004
	  0,066531
	- 0,0007020
	0

	
	a10
	a11
	a12
	a13
	

	Pine
	  1,00
	  0,381
	- 0,006291
	0
	

	Spruce
	- 0,35
	  0,143
	  0,016430
	- 0,0003800
	

	Birch
	  0,41
	  0,440
	- 0,006870
	0
	

	
	A20
	a21
	a22
	
	

	Pine
	  7,70
	- 0,233
	  0,003056
	
	

	Spruce
	 12,65
	- 0,556
	  0,008019
	
	

	Birch
	  8,85
	- 0,300
	  0,004027
	
	



Comment from Metsäteho: An important issue is that the functions and tables must give equal (or close too equal) values and if so it is up to the machine manufacturers and users to together decide which way is recommended. Some authorized organization (like Metla in Finland) should perhaps confirm the tables and the functions. However, that is not a StanForD question. StanForD should only make it possible to implement either tables or functions.
The following identity variables are also to be included in the spp-file:
var1_t2	, FILETYPE, priority 1 
var1_t3	, FILETYPE, priority 1 
var5_t2	, VARIANT, priority 2
var12_t4, DATESAVED, Priority 1

name and version of the spp-file
The name and the identity of the spp-file should always be registered in all production and control measurement files (prd, pri, stm and ktr). This is needed in order to know what butt end extrapolation has been used. 
The following new variables were also introduced with the spp-file (2004-03-30): 
	Var 
	Name
	Type
	Data 
type
	Unit
	Description
	Files and priorities

	2
	ID
	5
	string
	text
	The name of the spp-file
	prd, stm, pri, ktr / 2

	
	
	6
	string
	text
	Identification information of the spp-file version. 
	Spp / 1
prd, stm, pri, ktr / 2



It has been decided in Finland (spring 2006) that the “official” spp file to be used in Finland is to be called FI_MMM_Asetus_15-06.spp. It is named after the new timber measurement act of the Ministry of Agriculture and Forestry concerning harvester measurement (appendix 2 and 3). The file was developed by Metsäteho and it has been distributed to the machine manufacturers. The modification of the file with the machine specific data and checksums is allowed and even necessary. The machine manufacturers are responsible for that the actual data in the file is kept unchanged. The file is considered to be the national application of spp files in Finland. 
Update of spp-file 
The following updates were decided on 2006-10-26:
1. That the priority of variable 170 type 1 was changed from 1 (Mandatory) to 3 (May be used) for spp-files. 
2. It should be stated in description of var170_t8, in appendix, that the upper limit of the formula should be 45 cm and not 50 cm, in accordance with the official Finnish regulation. Stems with a DBH above 45 cm should use the relative taper of a stem with DBH 45 cm.
3. It should be stated in the description of var170_t8, in appendix, that the lower limit for the formula should be 8 cm, in accordance the official Finnish regulation. Stems with a DBH below 8 cm should use the relative taper of a stem with DBH 8 cm.

Other issues related to spp-file
Definition of calculated volume (var299_t5)
Proposal by Tapio Räsänen, Metsäteho, 2007-03-23.
The following updates were decided on 2007-03-27. In StanForD meeting 2006-10-24 a new variable var299_t4 was implemented in order to register log volumes based on control measurements. The description of the variable was "Solid volume of logs on bark based on control measurements with caliper, calculated in caliper or in bucking computer: 1...var290_t1". The meeting also decided that a more precise definition of how this volume is to be calculated is needed. This proposal was based on having the description of var299_t4 as it is and defining a new variable for volume calculation method. Var299_t4 remains unchanged with the exception that there is an addition to the description stating that the volume calculation method is defined by var299_t10-11. The proposal was discussed in the Finnish StanForD meeting 2006-11-29.
In theory there are a couple of different formulas for calculating the log volume based on calliper measured diameters. In Finland only cylinder formula is used in practice. Other possible volume calculation formulas are truncated cone, Nilson (Estonian), Huber and Smalian. The idea now is to implement  new variables in which the volume calculation method and formula is given as a number code. It is suggested that only cylinder and truncated cone formulas are given specific codes. The methods and formulas are supposed to be described in detail in StanForD Appendix. 
Volume of the first one meter part of the butt log is calculated a bit differently from the other logs in the Finnish control measurement system. The volume is based on tables or functions defined in spp file. There are two ways to define this feature in var299. The simplest one would be that in appendix it would be stated whether spp-data is to be used when calculating the volume of butt logs or not. The other way would be to add a few more codes into var299_t5, one for using spp and one for not using spp 
It was decided to update and introduce the following variables (new text underlined) with priority 3 in ktr-files:
	Var
	Name
	Type
	Data type
	Unit
	Description

	299
	LOG-VOL
	4
	Int
	0.0001 m3sob
	Solid volume of logs on bark based on manual control (operator) measurements with caliper, calculated in caliper or in bucking computer (calculation method given in var299_t10 and var299_t11): 1…var290_t1
Data used for calculation stored in var291_3, var293_t3, var373_t3, var374_t5 and spp-file (depending on code var299_t11).

	299
	LOG-VOL
	10
	Int
	Code
	Type of volume calculation method used for solid volume of logs on bark based on control measurements with caliper (var299_t4)
0 = not defined
1 = cylinder formula, 
2 = truncated cone formula, 
The formulas are described in StanForD Appendix.

	299
	LOG-VOL
	11
	Int
	Code
	Type of diameters used when calculating butt end (first meter of stem from butt end) solid volume on bark, based on control measurements with caliper (var299_t4)
1 = using spp-diameters 
2 = using machine measured butt diameters or extrapolated diameters



It was also decided to add the following text to the appendix for var299_t10:
Code 1) Formula for a cylinder to be used (Volume = Radius*Radius*Pi*Length).
Diameter values are assumed to be midpoint for each "cylinder section".
Code 2) Formula for truncated cone to be used (Volume = (Pi*Length/3)*(Radius1^2 + Radius1*Radius2 + Radius2^2)). 
Volume between two diameter values are calculated using this formula.
Example. Diameter data for a log (not butt end):
	Positions (dm)
	0
	5
	15
	20

	Diameters (dm)
	2,4
	2,2
	2,0
	1,8



If cylinder (1) formula is used: (1,1^2)*Pi*10 +  (1,0^2)*Pi*10 = 
If cut cone (2) formula is used: ((Pi*5/3)*(1,2^2 + 1,2*1,1 + 1,1^2) + ((Pi*10/3)*(1,1^2 + 1,1*1,0 + 1,0^2))  + ((Pi*5/3)*(1,0^2 + 1,0*0,9 + 0,9^2)) =
Observe that what calculation method (cut cone versus cylinder) is most suitable can be dependent on how and where the diameters were measured. 
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Appendix 1
Variables with priority in spp-files: 
	Var
	Name
	Type
	Data type
	unit
	Desription
	prio

	1
	FILE-TYPE
	2
	string
	text
	The variable shall assume one of the following values: apt, prd, tid, drf, rep, mas, avs, stm, sti, ktr, kal, cmb, apm, fpm, prm, psu, hks, inv, oai, pri, prl,
ghd, spp, ap1. (mandatory) 
	SPP / 1

	
	
	3
	string
	text
	Code page character set, ISO-code
	SPP / 1

	2
	ID
	6
	string
	text
	Identity of the spp-file version.
	SPP / 1

	5
	VARIANT
	2
	string
	text
	Version/model of administrative program used for
creating file. Format to be m v.n, where m is the
name of the software and v.n the version number.
	SPP / 2

	170
	BUTT- DIAM
	1
	Integer
	Code
	Type of butt end profile extrapolation method. Used for extrapolation of butt end diameter values. Volume calculation of butt end is done according the extrapolated diameters. Method can be chosen separately for each tree species: 1…var111_t1. 
0 or no code = machine specific system for extrapolation, 1 = coefficient tables (type 3-7), 2 = function (type 8-12)
	SPP / 3
PRD / 2
PRI / 2
STM / 2
STI / 2
KTR / 2

	
	
	2
	Integer
	Cm
	Reference height / tree species: 1…var111_t1. Diameter measurement height from the felling cut point. Normally breast height (130 cm in Finland, 120 cm in Sweden) is used for extrapolation of diameter values.
	SPP / 2

	
	
	3
	Integer
	Integer
	Number of diameter classes / tree species in extrapolation coefficient table: 1…var111_t1.
Measured and classified (rounded to the nearest cm) diameter of the tree at reference height.
	SPP / 2


	
	
	4
	Integer
	Integer
	Number of distance classes / tree species in extrapolation coefficient table: 1…var111_t1.
Distance is the classified distance of the diameter to be extrapolated from the felling cut point.
	SPP / 2


	
	
	5
	Integer
	Cm
	Diameter class values of the reference height in extrapolation coefficient table / tree species. Values can be e.g. 8 – 50 cm in 1 cm intervals.:
1 … var170_t3 / 1…var111_t1.
If the measured diameter at reference height is greater than the greatest diameter class, the greatest class is used.
	SPP / 2


	
	
	6
	Integer
	Cm
	Distance class values (distance from the felling cut) in extrapolation coefficient table / tree species: 1 … var170_t4 / 1…var111_t1.
First value is 0 cm and last is the value of the actual reference height in var170_t1 (e.g. 130 cm). Intervals normally 10 cm.
	SPP / 2


	
	
	7
	Integer
	‰
	Extrapolation coefficient tables: coefficient values (multiplying values) per mille / distance class / diameter class / tree species.:
1…var170_t4 / 1 … var170_t3 / 1…var111_t1.
Example: Measured diameter at reference height (normally dbh) of stem = 23,3 cm. Distance to extrapolation point = 90 cm. Coefficient value in table at (23, 90) = 1042. Diameter value at 90 cm = 23,3 cm * 1,042 = 24,3 cm (243 mm).
	SPP / 2


	
	
	8
	Integer
	Code
	Code for type of diameter extrapolation function / tree species (used only if var170_t1 = 2) : 1…var111_t1.
1 = function as described in appendix
	SPP / 3

	
	
	9 
	Integer
	No
	Number of parameters of the diameter extrapolation function / tree species: 1…var111_t1.
Order according to var170_t8 (appendix). 
	SPP / 3

	
	
	10
	String
	Text
	Names of the parameters of the diameter extrapolation function (e.g. a00, a01 …): 1… var170_t9 / 1…var111_t1.
Order according to var170_t8 (appendix).
	SPP / 3

	
	
	11
	Integer
	Integer
	Integer part of the parameter value, negative values are possible: 1… var170_t9 / 1…var111_t1.
Order according to var170_t8 (appendix).
	SPP / 3

	
	
	12
	Long integer
	1/ 1000000000
	Decimal part of the parameter value in 1/1000000000ths (maximum 9 decimals): 1… var170_t9 / 1…var111_t1.
Order according to var170_t8 (appendix).
	SPP / 3



Additional descriptions of spp-variables in StanForD appendix:
Var170_t8 BUTTDIAM
Code 1.
DL = [1 + (a0*(1.3-L) + a1*(1.3-L)a2)/100] * D1.3
where
DL = diameter at the distance L from the felling cut point, cm
L = distance from the felling cut point, m
D1,3 = measured diameter at the height of 1,3 m (reference height) from the felling cut
point, cm

Models for butt end profile parameters:
a0 = a00 + a01*D1.3+a02*D1.32 + a03*D1.33 + a04*D1.34
a1 = a10 + a11*D1.3+a12*D1.32 + a13*D1.33
a2 = a20 + a21*D1.3+a22*D1.32
where
D1,3 = min(45; D1,3)

The parameters should always be registered in the following order in var 170_t9 to t12:
a01, a02, a03, a04, a11, a12, a13, a21, a22

Observe that stems with a DBH above 45 cm should use the relative taper of a stem with
DBH 45 cm and stems with a DBH below 8 cm should use the relative taper of a stem
with DBH 8 cm.


Appendix 2
The following text (Swedish version) is from the Finnish Ministry of Agriculture and Forestry regulation (2006-04-18), appendix 1:
Diametern för rotända på rotblock (0,0 - 1,3 m) fastställs kalkylmässigt på 1,3 m avstånd från fällsnittet på basis av uppmätt diameter. Uträkningen utförs med tillämpning av tabellen för formeln för rotprofilen enligt trädslag i bilaga 2 eller motsvarande tabell (bilaga 3). Volymen för rotända på rotblock fastställs på basis av dessa kalkylmässiga diametrar enligt samma princip som för den övriga delen av stammen.
Simple English translation (not an official translation):
Diameter of butt end on butt logs (0,0-1,3 m) is estimated on the height of 1,3 m from felling cut based on measured diameter. Calculation carried out based on either functions or tables as described in appendix 2 or 3. Volume of butt end using these estimated diameters is to be done in the same way as the upper part of the stem. 


Appendix 3
Table with data included in the official Finnish spp-file (FI_MMM_Asetus_15-06.spp) that, as stated in the regulation above, always must be used in Finland. Observe that not all data is included (var170_t5, var170_t6, var170_t7, var170_t10, var170_t11, var170_t12).
	Var no
	Var name
	Type
	Data 1
	Data 2
	Data 3
	Data 4
	Data 5
	Data 6
	Data 7
	Data 8
	Data 9
	Data 10
	Data 11
	Data 12
	Data 13
	Data 14
	Data 15

	1
	FILETYPE
	1
	Stem prediction parameters

	1
	FILETYPE
	2
	SPP

	1
	FILETYPE
	3
	ISO 8859-1

	2
	ID
	5
	FI_MMM_Asetus_15-06.spp

	2
	ID
	6
	FI_versio_2006-05-24

	5
	VARIANT
	2
	OHJELMISTOVERSIO NN

	200
	OPTNLTXT
	2
	Tiedosto tyven läpimittojen muodostamiseksi taulukoilla tai funktioilla. MMM:n asetus hakkuukoneella valmistettavan puutavaran tilavuuden……... Metsäteho Oy 24.5.2006.

	12
	DATESAVED
	4
	20070516103300

	111
	NUMTREESPC
	1
	4
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	120
	TREESPEC
	1
	MÄNTY
	KUUSI
	KOIVU
	LEHTI
	
	
	
	
	
	
	
	
	
	
	

	170
	BUTTDIAM
	2
	130
	130
	130
	130
	
	
	
	
	
	
	
	
	
	
	

	170
	BUTTDIAM
	3
	38
	38
	38
	38
	
	
	
	
	
	
	
	
	
	
	

	170
	BUTTDIAM
	4
	14
	14
	14
	14
	
	
	
	
	
	
	
	
	
	
	

	170
	BUTTDIAM
	5
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	….

	170
	BUTTDIAM
	6
	0
	10
	20
	30
	40
	50
	60
	70
	80
	90
	100
	110
	120
	130
	….

	170
	BUTTDIAM
	7
	1386
	1302
	1241
	1197
	1164
	1138
	1116
	1098
	1081
	1064
	1048
	1032
	1016
	1000
	….

	170
	BUTTDIAM
	1
	2
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	170
	BUTTDIAM
	8
	1
	1
	1
	1
	
	
	
	
	
	
	
	
	
	
	

	170
	BUTTDIAM
	9
	12
	12
	12
	12
	
	
	
	
	
	
	
	
	
	
	

	170
	BUTTDIAM
	10
	a00
	a01
	a02
	a03
	a04
	a10
	a11
	a12
	a13
	a20
	a21
	a22
	a00
	a01
	….

	170
	BUTTDIAM
	11
	24
	-1
	0
	0
	0
	1
	0
	0
	0
	7
	0
	0
	30
	-3
	….

	170
	BUTTDIAM
	12
	300000000
	324000000
	39372000
	385000
	0
	0
	381000000
	6291000
	0
	700000000
	233000000
	3056000
	460000000
	399000000
	….



Translations
Var200_t1: "File for calculating butt end diameters with tables or functions. The statute of Ministry of Agriculture and Forestry concerning volume measurement of timber based on harvester´s measurement equipment. Statute number 15/06, 18.4.2006, diary number 926/01/2006. Values must not be changed without change of statute. Metsäteho Oy 24.5.2006."
Var5_t2: "PROGRAM VERSION NN"
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