[image: image9.png]Browse For Folder

‘Change working directory to:
:\Wigromth_models\CIPSANON_4.0\workshop.

T




CIPSANON User’s Manual
Version 4.0

CONTENTS__________________________________________                                                
I. Introduction
3 
II. CIPSANON INPUT DATA








    4

A. File locations








    4

B. File Names









    4

C. Input data files
4


1. Stand data
 







    4


2. Tree data








    6


3. Treatment data







    8


4. Economic inputs






                 9


5. Minimum tree requirements





  10


6. Strongly recommended requirements




  10
10III.  Running CIPSANON



10A. Downloading DLLs



10B. Downloading R



1C. Changing filenames and locations within R code

1

12D. Projecting or Compiling tree lists



12E. Errors


IV. Projection Output
13

13A. Renaming or redirecting output files



B. Output file definitions
13


1. Stand-level output







  13


2. Tree-level output







  14


3. Log-level output







  14


4. Log-level summary







  15
V.  Simulating treatments
15

A. Weed control
15

B. Fertilization
16

C. Thinning by basal area (TRT=3)
16

D. Thinning by Reineke’s RD (TRT=4)
17

E. Thinning by trees per acre (TRT=5)
17

F. Thinning by user code (TRT=6)
18

VI.  Generating Treelists
  18

A. Treelist generator input
19

B. Treelist generator output
19
VII.  Estimating Site index
20

A. Site index calculator input
20

B. Site index calculator output
20
VIII.  LITERATURE CITED
21



I.  INTRODUCTION

This user's manual describes how to operate the CIPSANON growth and yield model.  Currently, the program incorporates CIPSANON, two variants of the southwest Oregon version of ORGANON (SWO-ORGANON), and those elements of the Stand Management Cooperative version of ORGANON (SMC-ORGANON) that are necessary to project non-Douglas-fir and western hemlock species within CIPSANON.  
CIPSANON has been designed to project the changes that take place in intensively managed Douglas-fir or western hemlock plantations growing in western Oregon, Washington, and southwestern British Columbia.  It is designed to make annual predictions of tree growth and mortality within plantations ranging from 0 (just planted) to greater than 80 years of age.  It includes interactive equations that predict the development of competing vegetation in stands , enabling users to predict the effect of vegetation control on developing trees. 
SWO-ORGANON has been designed to project the changes that take place in the mixed species forest stands of southwest Oregon. The major conifer species in such stands are Douglas-fir (Pseudotsuga menziesii [Mirb.] Franco), grand fir (Abies grandis [Dougl. ex D. Don] Lindl.), white fir (Abies concolor [Gord. & Glend.] Lindl.), ponderosa pine (Pinus ponderosa Dougl. exLaws.), sugar pine (Pinus lambertiana Dougl.), and incense-cedar (Calocedrus decurrens Torr.), either singularly or in combination, and the major hardwood species are Pacific madrone (Arbutus menziesii Pursh.)and. golden chinkapin (Castanopsis chrysophylla [Dougl.] A. DC.)  SWO-ORGANON can predict both even-aged and uneven-aged stand development, starting from the time when the trees in the stand are no longer being affected by non-tree competiting vegetation.

SMC-ORGANON has been designed to project the changes that take place in the young-growth, Douglas-fir and western hemlock stands, either singularly or in combination, of southwest British Columbia, western Washington and northwest Oregon.  While SMC-ORGANON can predict the development of even-aged and uneven-aged stands, most of the data that was used to develop the model came from even-aged stands with ages ranging from 1 to 80 years old, as measured at breast height.

CIPSANON and ORGANON are interactive programs written in standard FORTRAN 77 code designed specifically to run on an IBM PC or compatible personal computer.  The program is "user friendly" and should guide users through its execution.  The user manual should help you prepare the tree data input file as well as run the model.
How to Report a Problem

Any problems with running CIPSANON should be reported by E-MAIL to Doug.Mainwaring@oregonstate.edu.  It would be helpful if you could provide the following information:

1. A brief description of the problem.

2. A copy of the input files that are creating the problem.

We would also like to hear of suggested changes for future editions of CIPSANON.
II.  CIPSANON INPUT DATA
The CIPSANON model is designed to project the future development of existing stands.  Therefore, CIPSANON requires certain tree and stand information in order to operate.  This information should come from a statistical sample of trees from the stand.  A maximum of 2000 sample trees can be entered for each stand.
A.
File locations

The default folder is the folder and drive containing all of the input and DLL files necessary to run CIPSANON.  The input files named within lines 4-6 of the CIPSANON R file (C4.01.r) must either be in the same folder as the R/DLL files, or in the folder whose pathway is designated in lines 4-6.  If a pathway is going to be used, R requires double backslashes, as in C:\\data\\CIPSANON_tree.csv.  Any output or error files generated during a projection will be saved within the same default folder, unless a pathway is designated within C4.01.r.   

B.
File Names

Input files can be given any name that are designated within the CIPSANON R code (C4.01.r).  The default names for the four primary input filenames are (CIPSANON_tree.csv; CIPSANON_stand.csv; CIPSANON_trt.csv; CIPSANON_econ.csv).  All input files should be saved as comma delimited files (.csv). 
C.  Input data files
Creating new input data files is best done by using an existing file as a template.  The header names and locations must be preserved for R to recognize data and run properly.
1. Stand Data

   The elements that may be entered for each stand are:

a. unit: The unit number is the number that links the stand input file to the information in 

the CIPSANON_tree.csv and CIPSANON_trt.csv files.  The unit number does not need to be 

consecutive or sequential, and is not limited by the number of digits (i.e. 109857438 will work). 

If included in the CIPSANON_stand.csv file, that unit will be projected or compiled.  
b. groyrs: The number of years in the projection.  If given a value of 0, the stand output file will 

contain all stand level summaries of the current treelist.
c. Stage: Stand, or plantation age in years.
d. bhage: Breast height age.  If less than 2 years less than stand age, this will create an error, and 

the stand requested projection will not run.
e. dfsi: CIPSANON and SMC-ORGANON requests two site indexes, Douglas-fir and western 

Hemlock.  You must enter at least one of the two site indexes.  If both values are 
entered, both are used.  If only one value is entered, the site index not entered is calculated from the entered site index.  Douglas-fir site index is calculated from Bruce's (1981) dominant height growth equation.  Western hemlock site index is calculated from Wiley's (1978) dominant height growth rate equation.


SWO-ORGANON requests two site indexes, Douglas-fir and Ponderosa Pine, based upon 
the equations of Hann and Scrivani (1987).  You must enter at least one of the two site indexes. If both values are entered, both are used.  If only one value is entered, the site index not entered is calculated from the entered site index.

f. whsi: If running version 1 (SWO-ORGANON), this is the Hann and Scrivani (1987) site index for 
Ponderosa pine.  If running version 2, this is the Wiley (1978) western hemlock site index.  If this value is not entered, it will be estimated automatically as long as a dfsi is entered. 
g. weedcov CIPSANON diameter and height increment equations are influenced by weed cover.  
Within CIPSANON, weed cover in plantations is the sum of %herb cover (forbs, grasses, ferns), % shrub cover, and % non-crop tree cover.  Within each lifeform, the % cover can be a maximum of 100%, thereby resulting in a theoretical maximum of 300% cover, though due to the data used in the equations, the program will given an error if the cover exceeds 250%.
h. YSWC: Vegetation cover development is influenced by the number of years since the 
last weed control treatment.  This value must be input.  For older plantations this is just (stand age- age at time of last treatment).
i. calibration: Turns on (if = 1) or off (if = 0) the adjustment of dubbed height and crown ratio 

values depending on how well the the input tree list conforms to values estimated for the 

treelist based on internal CIPSANON estimates.  See further description in appendix A.
j. Tree_output: Turns on (if=1) or off (if=0) tree-level output.  Maximum number of output tree 

records in a .csv file is 1.048 million (=#stands*#trees*(#groyrs+1)).
k. Econ_output Turns on (if=1) or off (if=0) net present value calculation, which appears in the 

CIPSANON_stand_out.csv file.  Discount and inflation rates, costs, and log prices are input from CIPSANON_econ.csv file, with details provided below).
l. Log_output: Turns on (if=1) or off (if=0) log-level output.  Log level output includes up to five 
logs per tree meeting merchanizing specifications provided below.  Log level outputs (CIPSANON_log_out.csv) include the lengths, Scribner volume, and large and small end inside bark diameters for each log of each tree.  A second file (CIPSANON_log_sd_out.csv) provides counts and summed volumes by age, species, and scaling diameter separately for all logs (log) and long logs (Llog).
m. Log_age: Stand age above which log-level output begins.  This was added as a means of saving 

storage space and not including volumes from pre-merchantable stands.
n. Random: Turns on (if =1) or off (if =0) addition of random component to height increment 
estimate. Added value is based on adding a normally distributed random number with a mean=0 and a standard deviation equal to that of the height increment residuals for trees of a given size.  It should be noted that the distribution of the height residuals are not technically normal, and that changes to the current routine are are expected.  
o. Version: Default=2 for CIPSANON equations.  For running annualized SWO-ORGANON 

equations, version=1.
p. Lat: Latitude; Default=0.  Necessary only if running version 1 (SWO-ORGANON) using raster-
provided site-level water availablity for estimating site productivity instead of using site index.  Water availability variables include WHC (water hold capacity in the top meter of soil (based on NRCS soils data) and PPDD5 (site-level total precipitation during days when degree days above 5°C is positive i.e. growing season precipitation).
q. Long: Longitude; Default=0.  Necessary only if running version 1 (SWO-ORGANON) using raster-
provided site-level water availablity for estimating site productivity instead of using site index.  Water availability variables include WHC (water hold capacity in the top meter of soil (based on NRCS soils data) and PPDD5 (site-level total precipitation during days when degree days above 5°C is positive i.e. growing season precipitation).
r. Genes: Turns on (if =1) of off (if =0) incorporation of increment modifiers describing enhanced 

genetic worth; otherwise=0. There are separate genetic worth values for diameter growth rate and height growth rate. For both, values are expressed in percent and can range from 0.0 to 20.0. A value of 0.0 represents the growth rate of woods-run seed, which is the default value.  More information can be found in Gould and Marshall (2010).
s. Gdval: Diameter growth genetic worth of improved stock: 0 to 20 (if Genes = 1).
t. Ghval: Height growth genetic worth of improved stock: 0 to 20 (if Genes = 1).
u. SNC: Turns on (if =1) of off (if =0) incorporation of increment modifiers accounting for the 

negative effect of Swiss needle cast. The impact of of Swiss needle cast is expressed through its effect upon the foliage retention of the trees. Foliage retention values are expressed in decimal years and can range from 0.85 to 7.00. A value of 7.00 represents the maximum number of years that Douglas-fir can retain needles and it is the default value. The impact of Swiss needle cast on Douglas-fir is basically negligible for values over 3.00. The foliage retention value entered is used throughout the ORGANON run by modifying both the diameter growth rate and the height growth rate predictions.
v. Dfret: Douglas-fir foliage retention in years if SNC=1.
w. Cftd: For cubic foot volume: top diameter in inches.
x. Cfsh: For cubic foot volume: stump height in inches.
y. Logll: For Scribner volume: log length in feet.
z. Logml: For Scribner volume: minimum log length in feet; minimum = 8 ft.
aa. Logtd: For Scribner volume: log top diameter in inches.
ab. 
Logsh: For Scribner volume: log stump height in feet.
ac. 
Logta: For Scribner volume: log trim allowance in inches.
2.
Tree Data

The elements that may be entered for each stand are:


•   unit number


•   plot/point number


•   tree number


•   species code number


•   user code


•   diameter (outside bark) at breast height


•   total tree height


•   crown ratio


•   expansion factor
a. Unit: The unit number is the number that links the tree input file to the information 
in the CIPSANON_stand.csv and CIPSANON_trt.csv files.  The unit number does not need to be consecutive or sequential, and is not limited by the number of digits (i.e. 109857438 will work). If included in the CIPSANON_stand.csv file, that unit will be projected or compiled.  Treelists for any stand can remain in the tree input file whether or not it is to be projected.  Only those stands listed within the stand-level input file will be projected or compiled.  
b. Plot/point number: A plot/point number is a unique integer between 1 and 999 for 
each sample plot/point.  The number does not need to be consecutive or sequential.  For plots/points with no trees, enter the plot/point number only with the remainder of the fields blank.  This entry is used in determining the number of sample plots/points.  The number of sample plots/points is then used to determine the per acre average expansion factor. A plot/point number of 0 is not valid and will be rejected by ORGANON.

c. Tree number: A tree is a unique integer designating trees within a given plot or point of 
a unit. If a unit has multiple plots, repeat tree numbers can be used in different plots, but each plot should have unique tree numbers.  The tree number is not limited to a specific number of digits.  

d. Species code number: A species code number is a 3-digit Forest Service code number to 

identify each tree species.

SWO-ORGANON accepts only the following tree species and corresponding species codes:

	Species

Code
	Tree

Species
	Species

Code
	Tree

Species

	015
	White Fir
	351
	Red Alder

	017
	Grand Fir
	361
	Pacific Madrone

	081
	Incense-cedar
	431
	Golden Chinkapin

	117
	Sugar Pine
	492
	Pacific Dogwood

	122
	Ponderosa Pine
	631
	Tanoak

	202
	Douglas-Fir
	805
	Canyon Live Oak

	231
	Pacific Yew
	815
	Oregon White Oak

	242
	Red Cedar
	818
	California Black Oak

	263
	Western Hemlock
	920
	Willow

	312
	Bigleaf Maple
	
	


SMC-ORGANON accepts only the following tree species and corresponding species codes:

	Species

Code
	Tree

Species
	Species

Code
	Tree

Species

	017
	Grand Fir
	351
	Red Alder

	202
	Douglas Fir
	361
	Pacific Madrone

	231
	Pacific Yew
	492
	Pacific Dogwood

	242
	Red Cedar
	815
	Oregon White Oak

	263
	Western Hemlock
	920
	Willow

	312
	Bigleaf Maple
	
	


For any tree species not listed, assign a code to the tree from the list above that closely resembles the growth of your unlisted tree species.

e. User code: A user code is a number assigned to a specific tree.  The user code allows 
you to designate the tree in some predetermined manner for thinning.  For example, you might code all mistletoe infected trees with one code and assign another code to all non-crop trees.  Managers can select these specially coded trees for removal or other action. In addition, user codes can be assigned to trees for post-projection accounting or analysis purposes.

f. Diameter at breast height: The diameter at breast height is the outside diameter 
measured in inches (to the nearest one-tenth inch) at the tree's breast height (approximately 4 1/2 feet above ground on uphill side) on all trees greater than breast height.

g. Tree height: The total tree height is the height of the tree from ground level to the 

crown's tip measured in feet (to the nearest one-tenth foot) for all trees.

h. Crown ratio: The crown ratio is the length in feet of the live crown (CL) divided by the 
total tree height (HT).  Crown length is the total tree height minus the height to crown base (HTCB).  In symbolic terms, crown ratio is computed by:

R = CL/HT    or    1.0 - HTCB/HT


When determining the base of the live crown, ignore epicormic branches. Much of the 
data from which the CIPSANON model is based used height to lowest live branch of contiguous crown, with measurements ignoring any branches below a whorl of completely dead or missing branches. Some of the measurements were based on reconstructed crown base, with extra branches below a fully live whorl visually moved up until whorls were “filled” and crown base location was determined.  Other measurements identified crown base as the lowest point at which ¾ of the whorl branches were alive.  

i. Expansion factor: The expansion factor is the weight (i.e., number of trees per acre) 
that each sample tree represents on each plot/point. The program automatically converts this to the stand average (ORGANON divides by the number of points).  For a fixed area plot, the expansion factor is the reciprocal of the area of the plot in acres.  For variable plots, the expansion factor is the basal area factor in square feet divided by the tree's basal area.

3.
Treatment data
Contains the information about requested treatments to stands listed in the stand input file.  Treatments include weed control, fertilization, and multiple thinning treatments. 
a. Unit: The unit number is the number that links the information in the treatment file to the
stand and tree information in the CIPSANON_stand.csv and CIPSANON_tree.csv files.  The unit number does not need to be consecutive or sequential, and is not limited by the number of digits (i.e. 109857438 will work). If no treatments are desired for some or all stands in the CIPSANON_stand.csv file, no values need to be entered for that stand in the CIPSANON_trt.csv file. 
b. Stage: The stand age at which a treatment is desired.  If a basal area or relative density 


thinning and to be triggered by a specific BA or RD, this cell should have a 0.
c. Treatment: Weed control (=1); Fertilization (=2); Thinning based on basal area (= 3); 
Thinning based on SDI/relative density (=4); Thinning based on TPA (=5); Thinning based on user code (=6).  Treatments based on BA or RD may be triggered by age or density (BA or RD). For more details, see section V. 

d. Trigger: For basal area (treatment = 3) or RD (treatment = 4) thin, density (BA or RD 

respectively) that initiates then thin.  For more details, see section V. 
e. Sp_type: Specifies tree types to remove in thinning (1 = all trees; 2 = specific species; 3
= hardwoods only; 4 = conifers only; and 5=total hardwood removal as part of a thinning from below). For more details, see section V. 
f. Targ_sp: If sp_type = 2, then FIA species code that is targeted. For more details, see

section V. 
g. TYPE: Specifies thinning from below (TYPE = 1); thinning proportionally (equal % change 
in expansion factors for all trees; TYPE = 2); thinning from above (TYPE = 3); and thinning from below with a proportional component to account for simulating corridors (TYPE ≥5). For more details, see section V. 
4.
Economic Inputs

If net present value (NPV) output is requested in the stand input file, interest rate, cost, and log price information must be input. Currently, NPV calculations will be based on the same economic inputs for all stands.  This calculation is currently based on a camp run price.
a. Logthin: $ cost per thousand of thinning. 

b. Logfinal: $ cost per thousand of the final harvest.
c. Haul: $ cost per thousand of hauling.  
d. PCT: $ cost per acre of pre-commercial thinning treatment.
e. Release: $ cost per acre of release treatments.
f. Siteprep: $ cost per acre of site prep treatments.
g. Plant: $ per acre of planting; Includes trees and planting.
h. Fert: $ cost per acre of fertilizer.
i. Fertapp: $ cost per acre of applying fertilizer.
j. Int_rate: The discount rate, expressed as a decimal: (0.08 = 8%).
k. Inflation rate: The inflation rate, expressed as a decimal: (0.02 = 2%).

l. TP_inc: The timber price increase rate, as differentiated from the inflation rate, 

expressed as a decimal: (0.005 = 0.5%).

m. DFprice: $ cost per thousand of Douglas-fir in a final harvest.
n. WWprice: $ cost per thousand of white wood in a final harvest.

o. RAprice: $ cost per thousand of red alder in a final harvest.

p. TDFprice: $ cost per thousand of Douglas-fir in a thinning.

q. TWWprice: $ cost per thousand of white woods in a thinning.

r. TRAprice: $ cost per thousand of red alder in a thinning.

5.   Minimum tree requirements

A stand is described by entering the characteristics of sample trees contained in that stand. You must enter certain measurements of each sample tree, while other measurements are not absolutely required.  The minimum required measurements for each tree are:


•   unit number


•   plot/point number


•   tree number


•   species code number


•   diameter outside bark at breast height


•   expansion factor

If user codes, heights, or CRs are missing, they should be given the nominqal value of 0.  Height and crown ratios will be estimated using regional height and height to crown base equations.
6.
Strongly recommended Tree Measurements

In addition to the required tree variables, you should also include the following measurements:


•   total tree height


•   crown ratio

If not included, they are predicted from equations representing regional averages.  If these measurements are subsampled, the regional average equations are calibrated to the actual measurements for the stand.  For more accurate results, you are strongly urged to collect as many measurements as possible.
III.  Running CIPSANON

A.   Downloading DLLs

Running CIPSANON requires the CIPSANON DLLs and input file templates (available by request from Doug.Mainwaring@oregonstate.edu or from the members-only page of the CIPS website (http://cips.forestry.oregonstate.edu/).  These files are currently designed to be used on a windows 10, 64 bit machine, and can be put within any folder on a computer.  
B.   Downloading R
The second requirement is a relatively new version (version 3.X or greater) of the free statistical software R, available at https://cran.r-project.org/.  From this website, R can be downloaded by choosing the following links: Download R for windows; Install R for the first time; Download R 3.X.X for Windows.
C.   Changing filenames and locations within R code
Once installed, the 64 bit version can be opened to the initial page, where from the file menu, the directory should be changed by browsing to the folder where R, the DLLs and the input files have been stored (figure 1).
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Figure 1: R interface showing the process by which the user directs the program to the location of the DLL and input files.

The input files can be stored with the DLLs or elsewhere, but if the user chooses to change the default names or would rather store the files in a different folder, a new name or new pathway can be specified within the R code by opening up the R script (C4.01.r) (figure 2), and changing the filenames or pathways in lines 4-6 of the code (figure 3).  If a pathway is used, R requires the use of double backslashes, as in C:\\data\\CIPSANON_stand.csv.
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Figure 2 R interface showing the process by which the user opens up source file (C4.01.r).
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Figure 3 Location within C4.01.r (lines 4-6) where input files can be renamed or new pathways may be inserted.
D.   Projecting or Compiling treelists

Once R and the DLLs are loaded and the input files are prepared, the projection is ready to be made. 
This is done by typing: source(“C4.01.r”).  Users can choose to rename the main processing file, in which case they would type the new name between the quotation marks.  It is not necessary to have the R file (C4.01.r) open for the projection to be made.
E.   Errors
Because CIPSANON can run thousands of stands that may take many hours to complete, it is currently written to bypass stands that exhibit stand or tree errors in the data.  When a run completes, output files for error-less stands will be produced, and separate tree and stand error files will be generated to provide the user a clue as to the location or source of the error in the stands that were skipped (Tables 1-3).  
Table 1: Output from CIPSANON_tree_error_out.csv.  A value of 1 indicates the source of the error.

[image: image4.emf]unit tree species dbh/ht cr expan

169 9 0 1 0 0


Table 2: Output from CIPSANON_stand_error_out.csv.  A value of 1 indicates the source of the error.

[image: image5.emf]unit version age=0 stage/bhageWCOV YSWC Calibration_factor

214 0 0 0 0 0 1

215 0 0 0 0 0 1

 
Error files will contain a 0 or a 1 under fixed headings.  If a 1 is present, that is the source of the error.  Other errors than those identified in the current error-checking procedure may be regularly encountered.  If this happens, it would be useful to amend the code to include them in the error check.  If you encounter a problem with such an error, please contact CIPS at doug.mainwaring@oregonstate.edu.  
Table 3 Errors indicated by CIPSANON_tree_out.csv and CIPSANON_stand_out.csv output
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Tree Species A species code incompatible with the CIPSANON version

Tree Dbh/ht Dbh= 0 when Ht≥4.5 or Dbh>0 and Ht<4.5

Tree CR CR>1.0
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Stand Stage/Bhage BHage≥Stage

Stand WCOV WCOV>250%

Stand YSWC YSWC<0 

Stand Calibration factor If Calibration factor= NaN


IV.   Projection Output 

A.   Renaming or redirecting output files
If the users wishes to change the name of the output files or the location to which they’re saved, this can be done in the R code (C4.01.r) near the very bottom of the code (figure 4).  If a pathway is used, R requires the use of double backslashes, as in C:\\data\\CIPSANON_stand_out.csv.
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Figure 4 Location within C4.01.r  where output files can be renamed or new pathways may be inserted.
B.   Output file definitions
1. Stand-level output

The default name of the output file is CIPSANON_stand_out.csv.   Upon completion of a projection, this output file will appear in either the same folder as the DLLs, or, if a different pathway was specified (see IV-A), in the specified  folder.   The file will contain output from consective runs without a divider.
a. Unit
b. Cycle (included only for projections)

c. Stage (plantation age, yrs)

d. TPA (Trees per acre)
e. BA (stand basal area, ft2/acre)
f. QMD (quadratic mean diameter, inches)
g. CRav (average crown ratio of live trees)

h. RD (Relative density)
i. CFV (Cubic foot volume, ft3/ac)
j. BFV (Board foot volume per acre)

k. Thin CFV (Cubic foot volume of thinned trees, ft3/ac)
l. Thin BFV (Board foot volume per acre of thinned trees)
m. NPV (Net present value; included only for projections)

2. Tree-level output
Tree-level output is only produced if requested in the stand-level input file.  The default name of the output file is CIPSANON_tree_out.csv.   Upon completion of a projection, this output file will appear in either the same folder as the DLLs, or, if a different pathway was specified (see IV-A), in the specified  folder.   The file will contain output from consective runs without a divider.
a. Unit

b. Cycle (included only for projections)

c. Stage (plantation age, yrs)
d. Plot

e. Tree

f. Species (DF=202, WH=263)
g. Dbh (inches)
h. Height (ft)

i. CR (crown ratio)
j. Expansion factor (per acre)
k. Weed cover (%)
l. Years since weed treatment

m. CFV (Cubic foot volume per tree)
n. BFV (Board foot volume per tree)
o. Thinning indicator (0 if unthinned or 1 if thinned)
p. Thinned CFV (Cubic foot volume per tree of thinned trees)
q. Thinned BFV (Board foot volume per tree of thinned trees)
r. Expansion factor of thinned trees

3. Log-level output
Log-level output is only produced if log-level data is requested in the stand-level input file.  The default name of the output file is CIPSANON_log_out.csv.   Upon completion of a projection, this output file will appear in either the same folder as the DLLs, or, if a different pathway was specified (see IV-A), in the specified  folder.   The file will contain output from consective runs without a divider.
a. Unit

b. Cycle (included only for projections)

c. Stage (Plantation age)

d. Plot

e. Tree

f. Species (DF=202, WH=263)
g. Expan (per acre expansion factor)
h. Expansion factor of thinned trees (per acre expansion factor)
i. Volume (Scribner volume of log (from look up table))
j. DIB_large (Large-end diameter (inches))
k. DIB_small (Small-end diameter (inches))
l. Ht_large (Height in tree of large end diameter (ft))
m. Ht_small (Height in tree of small-end diameter (ft))
n. i-m repeated for logs 2-5

4. Log-level summary
Log-level summary output is only produced if log-level data is requested in the stand-level input file.  The default name of the output file is CIPSANON_log_scalediam_out.csv.   Upon completion of a projection, this output file will appear in either the same folder as the DLLs, or, if a different pathway was specified (see IV-A), in the specified  folder.   The file will contain output from consective runs without a divider.
a. Unit

b. Species (DF=202, WH=263)
c. Scaling_diameter (inches)
d. Stage (Plantation age)
e. Llog_vol (Long log volume: Scribner volume of 32’+ logs)
f. Llog count (Long log count: count of 32’+ logs)
g. Llog_vol_thin (Long log volume: Scribner volume of thinned 32’+ logs)
h. Llog_count_thin (Long log count: count of thinned 32’+ logs)
i. Log_vol (Scribner volume of all logs)
j. Log count (Count of all logs)
k. Log_vol_thin (Scribner volume of all thinned logs)
l. Log_count_thin (Count of all thinned logs)
5. 
Biomass and nutrient content

Stand- or stand- and tree-level biomass and nutrient content can be estimated if requested in the in the stand-level input file.  The default names of the output files are CIPSANON_biomass_stand_out.csv and CIPSANON_biomass_tree_out.csv.   Upon completion of a projection, these output files will appear in either the same folder as the DLLs, or, if a different pathway was specified (see IV-A), in the specified  folder.   The file will contain output from consecutive runs without a divider.
Stand-level output

a.
Unit 

b. 
Cycle 
c. 
Stage

d.
Total aboveground biomass (kg/ac)

e.
Inside bark stem biomass (heartwood + sapwood, kg/ac)
f.
Bark biomass (kg/ac)

g.
Live branch biomass (kg/ac)

h.
Foliar biomass (kg/ac)

i.
Carbon mass (kg/ac)
j.
Nitrogen mass (kg/ac)
k.
Phosphorus mass (kg/ac)

l.
Potassium mass (kg/ac)

m.
Calcium mass (kg/ac)

n.
Magnesium mass (kg/ac)

o.
Sulfur mass (kg/ac)

p. 
Boron mass (kg/ac)

r. 
Iron mass (kg/ac)

s.
Copper mass (kg/ac)

t.
Manganese mass (kg/ac)

u.
Zinc mass (kg/ac)

Tree-level output

a.
Unit 

b. 
Cycle 
c. 
Stage

d. 
Plot

e. 
Tree
f.
Species

g.
Expansion factor (TPA)

h.
Total aboveground biomass (kg)

i.
Inside bark stem biomass (heartwood + sapwood, kg)

j.
Bark biomass (kg)

k.
Live branch biomass (kg)

l.
Foliar biomass (kg)

V.  Simulating treatments
Treatments (weed control, fertilization, and thinning) are specified within CIPSANON_trt.csv.  If no treatments are wanted, leave cells in rows 2 and beyond in CIPSANON_trt.csv blank.
A. Weed control (TRT=1)
1. This treatment is used to reduce weed cover
2. Example, unit 1: In unit 1, three consecutive releases were conducted (in years 1-3), each of 

which reduced cover to 20% (Table 1).  

Table 1: CIPSANON_trt.csv specifying a weed control treatment

	UNIT
	STAGE
	TRT
	VALUE
	trigger
	sp_type
	targ_sp
	TYPE

	 1
	 1
	 1
	20
	 
	 
	 
	 

	 1
	 2
	 1
	20
	 
	 
	 
	 

	 1
	 3
	 1
	20
	 
	 
	 
	 


B. Fertilization (TRT=2)
1. This treatment is used to fertilize stands with nitrogen.  Treatments are applied at 

specific ages (STAGE) and with specific amounts of N (value, in pounds).  
2. Example, unit 1: In unit 1, the stand was fertilized twice: with 200 pounds N/acre at
 
ages 24 and 32 (Table 2).  

3. Example, unit 2: In unit 2, at stand age (STAGE) 34, the stand was fertilized with 220 

pounds N/acre (Table 2). 

Table 2: CIPSANON_trt.csv specifying fertilization treatments in two different units.
	UNIT
	STAGE
	TRT
	VALUE
	trigger
	sp_type
	targ_sp
	TYPE

	 1
	 24
	 2
	200
	 
	 
	 
	 

	 1
	 32
	 2
	200
	 
	 
	 
	 

	 2
	 34
	 2
	220
	 
	 
	 
	 


Stands that are thinned at age 17 and below are considered pre-commercial thinnings.  The thinned volume is not included in the output and accounting for NPV applies the input cost of pre-commercial thinning.
C. Thinning by basal area (TRT=3)
1. This is based on residual BA and either stand age or a trigger BA.  If based on stand

age, trigger must be set to 0.  If based on BA, stand age must be set to 0.

2. This can target all species (sp_type=1), hardwoods only (sp_type=3), conifers only 

(sp_type=4), or a specific species (sp_type=2, targ_sp=XXX (DF=202, WH=263, 

Maple=312, RA=351)).  If sp_type = 1, 3 or 4, then targ_sp=0.

3. It can be performed from below (TYPE=1), proportionally (TYPE=2), or from above 

(TYPE=3;  (thinnings from above were not represented in the dataset)).
4.
A basal area thinning from below can be combined with a proportional thinning (to simulate corridors) with or without hardwood removal at the same time.   The residual BA is met by removing hardwoods (sp_type=5) or not, followed by a proportional thinning (% = TYPE, which can range from 5-50), and the remainder is taken from below.
5.
Example, unit 1: In unit 1, at stand age (STAGE) 28, the stand will be thinned to 120 

ft2/ac from below, with all removals taken from among conifers (Table 3).

6.
Example, unit 2: In unit 2, when the stand exceeds 170 ft2/ac, it will be thinned 

proportionally to 120 ft2/ac, with all removals taken from among Douglas-fir (Table 3).  

7.
Example, unit 3: In unit 3, at stand age (STAGE) 35, the stand will be thinned from 

below to 94 ft2/ac, with all species targeted (Table 3).  
8.  
Example, unit 4: In unit 4, at stand age 27, the stand will be thinned from below to 140 ft2/ac, 


with 7% of the removals coming from a proportional thin to simulate corridor harvest (Table 3).

9. 
Example, unit 5: In unit 5, at stand age 29, the stand will be thinned from below to 150 ft2/ac, with total removal of hardwoods and  11% of the removals coming from a proportional thin to simulate corridor harvest (Table 3).
Table 3: CIPSANON_trt.csv specifying basal area thinnings in three different units
	UNIT
	STAGE
	TRT
	VALUE
	trigger
	sp_type
	targ_sp
	TYPE

	 1
	 28
	 3
	120
	 0
	 4
	 0
	1

	 2
	 0
	 3
	120
	 170
	 2
	202 
	2 

	 3
	 35
	 3
	 94
	 0
	 1
	 0
	1

	 4
	 27
	 3
	140
	 0
	 1
	 0
	7

	 5
	 29
	 3
	150
	 0
	 5
	 0
	11


D. Thinning by Reineke’s RD (TRT=4)
1. This is based on residual relative density (Reineke 1933, expressed as integer) and either stand 
age or a trigger RD.  If based on stand age, trigger must be set to 0.  If based on RD, stand age must be set to 0.

2. It can be performed from below (TYPE=1), proportionally (TYPE=2), or from above 

(TYPE=3;  (thinnings from above were not represented in the dataset)).

3. Example, unit 1: In unit 1, at stand age (STAGE) 42, the stand will be thinned from \


below to an RD of 15 (15% of SDI of 520) (Table 4).  

4. Example, unit 2: In unit 2, when the stand exceeds an RD of 58, it is thinned from 

below to an RD of 35 (Table 4).

5. Example, unit 3: In unit 3, when the stand exceeds an RD of 62, it was 

proportionally thinned to an RD of 41 (Table 4).  
Table 4: CIPSANON_trt.csv specifying relative density thinnings in three different units
	UNIT
	STAGE
	TRT
	VALUE
	trigger
	sp_type
	targ_sp
	TYPE

	 1
	 42
	 4
	15
	 0
	 
	 
	 1

	 2
	 0
	 4
	 35
	 58
	 
	 
	 1

	 3
	 0
	 4
	 41
	 62
	 
	 
	 2


E. Thinning by trees per acre (TRT=5)

1. This is based on residual TPA and stand age.  

2. This can target all species (sp_type=1), hardwoods only (sp_type=3), conifers only

(sp_type=4), or a specific species (sp_type=2, targ_sp=XXX (DF=202, WH=263, 

Maple=312, RA=351)).  If sp_type = 1, 3 or 4, then targ_sp=0.

3. It can be performed from below (TYPE=1), proportionally (TYPE=2), or from above 

(TYPE=3;  (thinnings from above were not represented in the dataset)).
4. A tree per acre thinning from below can be combined with a proportional thinning (to simulate
corridors) with or without hardwood removal at the same time.   The residual TPA is met by removing hardwoods (sp_type=5) or not, followed by a proportional thinning (% = TYPE, which can range from 5-50), and the remainder is taken from below.

5. Example, unit 1: In unit 1, at stand age (STAGE) 11, the stand will be thinned from 

below to 380 TPA, with only hardwoods removed (Table 5).  

6. Example, unit 2: In unit 2, at stand age (STAGE) 21, the stand will be thinned from 

below to 275 TPA, with only western hemlock trees removed (Table 5).  

7. Example, unit 3: In unit 3, at stand age (STAGE) 37, the stand will be thinned 

proportionally to 135 TPA, with all trees considered for thinning (Table 5).  
8.  
Example, unit 4: In unit 4, at stand age 23, the stand will be thinned from below to 225 TPA, 


with 8% of the removals coming from a proportional thin to simulate corridor harvest (Table 5).

9. 
Example, unit 5: In unit 5, at stand age 21, the stand will be thinned from below to 205 TPA, with total removal of hardwoods and  9% of the removals coming from a proportional thin to simulate corridor harvest (Table 5).
Table 5: CIPSANON_trt.csv specifying TPA thinnings in three different units
	UNIT
	STAGE
	TRT
	VALUE
	trigger
	sp_type
	targ_sp
	TYPE

	 1
	 11
	 5
	380
	 0
	 3
	 0
	 1

	 2
	 21
	 5
	 275
	 0
	 2
	 263
	 1

	 3
	 37
	 5
	 135
	 0
	 1
	 0
	 2

	4
	 23
	 5
	 225
	 0
	 1
	 0
	 8

	5
	 31
	 5
	 205
	 0
	 5
	 0
	 9


F. Thinning by user code (TRT=6)
1. This thin is used to remove specific trees.  The User column within the treelist 
should be given a specific integer code (specified by trigger) to thin at a specified age.  Multiple integer codes can be used to thin at multiple times.  Proportional removal of specified trees can be specified within value column (as integer). 

2. Example, unit 1: In unit 1, at stand age (STAGE) 16, any tree coded 1 (trigger) will 

have its expansion factor reduced by 15% (table 6).
3. Example, unit 2: In unit 2, at stand age (STAGE) 24, any tree coded 4 (trigger) will 

have its expansion factor reduced by 66% (table 6).

4. Example, unit 3: In unit 3, at stand age (STAGE) 38, any tree coded 12 (trigger) will 

have its expansion factor reduced by 94% (table 6).
Table 6: CIPSANON_trt.csv specifying user thinnings in three different units
	UNIT
	STAGE
	TRT
	VALUE
	trigger
	sp_type
	targ_sp
	TYPE

	 1
	 16
	 6
	15
	 1
	 
	 
	 

	 2
	 24
	 6
	 66
	 4
	 
	 
	 

	 3
	 38
	 6
	 94
	 12
	 
	 
	 


VI.  Generating treelists
Young stand data from 4-20 year old stands within the CIPSANON dataset have been used to construct a set of equations that predict diameter distribution, height:diameter relationships and variation, and height to crown base for Douglas-fir or western hemlock plantations that are sensitive to plantation age, site index, and weed control history. 

An R-based program has been written that allows a user to generate a treelist based on inputted tree and stand-level characteristics.

A.  Treelist generator input
Generating treelists with R requires describing the characterisitics of the desired stand within the input file: CIPSANON_treelist_input.csv.  Generated treelists can be any number of trees in length, and can be predicted reproducibly by controlling the random number seed.

Input variables are:

1. Species (202 for DF treelist or 263 for WH treelist)
2. PAGE = Plantation age of the desired treelist
3. PDENS = Known planting density in TPA of the generated treelist
4. CDENS = Current density in TPA of the generated treelist.  Expansion factor of 

each tree will be CDENS/N.
5. YOC = Years of weed control.  Site prep plus release would be 2 years of weed 

control
6. SI50 = Site index (ft): Bruce (1981) for Douglas-fir or Wiley (1978) for western 

Hemlock.
7. Ht40: Dominant height, or height of the largest 40 trees per acres by dbh.  By 

inputting the number 0, the program will estimate this value using the site index 


and the plantation age.   If a very young stand, it is best to estimate this value (feet). 
8. YST:  Years since treatment: the number of years since the last weed control 

treatment.  
9. N: Number of trees in the generated treelist
10. Seed: The random number seed.  Any integer will work (ensures repeatability).
11. Count: The number of stands to be generated with the same defining

characteristicis.  
12. Seedindex:  An indicator variable used to control repeatability.  Equals 0 if 
generated treelists should be the same, or 1 if generated treelists should be different.  This value is added to the random number seed with each new treelist generated.  
B.  Treelist generator output
If R is installed on the computer (see III-B, above), open it up and change directories (see III-C, above) to the folder containing the CIPS treelist generator.  With R open, type source(“C4tg.r”).  A treelist or treelists will be output within CIPSANON_treelist_out.csv.  This output treelist roughly corresponds to the CIPSANON_tree.csv file with one exception.  The first two columns of the treelist generator output are  labeled unit1 and unit2 (figure 5).  Unit2 values correspond to the number of copies generated for the same input data (controlled by “count” within the input data) while the Unit1 value is equivalent to the “unit” designator within the input data.  Depending on the purposes and arrangements of the generated treelists, unit1, unit2 or their combination (i.e. in excel, =a2&b2 combines the two values 1 and 1 into 11), may be appropriate as the unit designator within CIPSANON_tree.csv.  Whichever is preferred, one of the columns should be removed and the heading of the residual column should be changed to “unit” before running within CIPSANON.  
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Figure 5 Output generated using the CIPSANON treelist generator (C4tg.r)

VII.  Estimating Site Index
Fifty-year site index of either Douglas-fir (Bruce 1981) or western hemlock (Wiley 1978) can be estimated using the CIPSANON site index calculator within R.  Measured height-age pairs are input within a .csv file with the following specifications:
A. Site index calculator input
1. Unit: unit designator

2. Tree: tree designator

3. Sp: 202 for Douglas-fir; 263 for western hemlock

4. Age: breast height age in year of development

5. Height: height in feet corresponding the input breast height age.

B. Site index output
If R is installed on the computer (see III-B, above), open it up and change directories (see  III-C above) to the folder containing the CIPS Site index calculator.  With R open, type source(“C4si.r”).  An output file named CIPSANON_si_out.csv will be generated, identical to the input file but with calculated site indices for each species in the right-most column.  
VIII.  EQUATIONS
Diameter growth

Height growth

Height to crown base

Mortality

Diameter assignment

Thinning modifier, diameter increment

Thinning modifier, height increment

Fertilization modifier, diameter increment

Fertilization modifier, height increment
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