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ABSTRACT  
 

 Riparian reserve zones in British Columbia have fixed widths, beyond which 
timber harvesting can take place in a management zone.  Buffer width is partly 
based on the maximum distance from the stream bank that most riparian trees will 
recruit to the stream channel (Murphy and Koski 1989).  It is assumed that buffers of 
this width will, over the long term, contribute natural levels of Large Woody Debris 
inputs that maintain channel structure and fish habitat, similar to intact riparian 
forest.  However, this does not take into account the fact that stream channels are 
active and stream banks naturally migrate through erosion. Over time bank erosion 
can lead to a significant narrowing of the portion of the buffer with intact forest 
available to deliver LWD to the stream channel, and therefore cause a significant 
reduction in future LWD input from the fixed buffer zone adjacent to the stream. 
This project will model the effects of migration rate of stream channels in different 
geomorphic contexts on the long-term adequacy of present fixed-width buffers to 
maintaining natural LWD loadings to streams.   

 
INTRODUCTION 

  
Riparian reserve zones in British Columbia have fixed widths beyond which 

timber harvesting can take place in a management zone.  It is assumed that fixed 
width buffers will adequately maintain the structure and function of riparian zones, 
thereby protecting structure and function of adjacent stream ecosystems (Murphy 
1995).  Buffer widths in British Columbia and other jurisdictions are largely based on 
the maximum distance from the stream bank that most riparian trees recruit to the 
stream channel (Murphy and Koski 1989, FEMAT 1993).  It is assumed that buffers 
of this width will ensure the necessary diameter, length, and abundance distribution 
of LWD required to maintain channel structure and fish habitat.  However, this 
assumes that stream banks are static, and that the width of the preserved buffer is 
also static.  This is rarely the case for even small stream channels on unconfined 
valley bottoms, which migrate across valleys at significant rates; an erosion rate of 
10-20 cm a year is not uncommon (e.g. Martin and Benda 2001), and this would 
result in complete elimination of a 20m buffer in 100-200 years.  Even lower rates of 
erosion could lead to significant narrowing of the portion of the buffer with intact 
forest available to deliver LWD to the stream channel, resulting in a potentially 
significant reduction in future LWD input from the designated 20m buffer zone 
adjacent to the stream channel, since much of the reserve zone would now include 
the harvested management zone. 

 
Riparian reserve zone widths in British Columbia and other jurisdictions are 

based in part on the observation that 95% of the LWD that recruits to the channel of 
alluvial streams comes from within a distance of 20m from the stream bank in 
Alaska (Murphy and Koski 1989), although McDade et al. (1990) observed that only 
75% of LWD recruited from within 20m of the stream channel in Washington and 
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Oregon, likely because of the larger maximum potential tree height relative to 
Alaska.  A partial narrowing of a riparian buffer through bank erosion to a width of, 
for example, 15m, would result in a 10% (Murphy and Koski (1989) data) to 35% 
(McDade et al. data) reduction in recruitment of LWD relative to reference (old-
growth) levels, assuming that the forest beyond the riparian management zone has 
been clearcut.  Clearly reserve zone designations that do not take into account the 
effects of bank erosion on buffer width and subsequent implications for future LWD 
recruitment may be overly simplistic.  This represents a significant shortcoming in 
the scientific basis of riparian protection in British Columbia (as well as other 
jurisdictions), and may result an overestimate of the ability of present reserve zone 
widths to maintain historic LWD input rates and protect the long-term structure and 
function of stream channels.   

 
Because processes of channel migration and LWD recruitment and decay operate 

over slow time steps, the only practical way to effectively assess the potential impact 
of ignoring channel migration on long-term LWD recruitment is to model the 
processes involved.  To our knowledge, no one has modelled the implications of 
these dynamics for buffer width effectiveness, despite the fact that it is obviously an 
issue of significant management concern inside and outside of British Columbia, 
particularly in the Pacific Northwest United States, where there is growing 
recognition that buffer widths based on stable channels may be inadequate to 
maintain reference levels of LWD recruitment (Rapp and Abbe 2003, State of 
Washington 2003), and channel migration zones are designated on the floodplain as 
opposed to fixed buffers.  The goal of this project proposal is to model the migration 
rates of stream channels in different geomorphic contexts to estimate the long-term 
adequacy of present fixed-width buffers in maintaining natural LWD loadings to 
streams.  Results of the study should have broad application in British Columbia 
and adjacent jurisdictions.  Key management issues to be assessed are  

i) whether the long-term reduction in LWD inputs from bank erosion of   
  fixed buffers can be significant, and 

 ii) if so, under what geomorphic contexts (i.e. range of channels widths,   
  gradients, and bank erosion rates). 

 
Project Objectives are: 
 
1) To establish levels of bank erosion in different geomorphic contexts through 

literature review. 
 
2) To model the effect of bank erosion and channel migration in different 

geomorphic contexts on the adequacy of current designated reserve zone widths in 
British Columbia, and the effects on long-term LWD loading relative to undisturbed 
conditions. 
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3) To communicate these results to biologists and resource managers to ensure 
that riparian management perpetuates the long-term integrity of stream ecosystems 
and aquatic diversity.  

 
Deliverables for Year 1 (2004-2005) of the project are: 
 

1) A review including an overview of the management and ecological issue, 
summary of expected ranges of lateral erosion rates in different geomorphic 
contexts, and preliminary assessment of the geomorphic contexts where fixed 
buffers may be likely to compromise long-term inputs of LWD. 

 
2) Model predicting the effects of different fixed buffer widths on long-term 

LWD recruitment to stream channels under different erosion rates. 
 
 

Methods 
  

This project was designed largely as a modelling experiment carried out by a 
research associate working under the supervision of the project leader and an 
academic supervisor at UBC.  In concept, the model is fairly straightforward and 
will build on existing models of LWD recruitment rates (Murphy and Koski 1989, 
Beechie et al. 2000, Martin and Benda 2001, Welty et al. 2002), with the addition of 
erosion dynamics built into the model structure and paramaterized based on 
published bank erosion rates in the literature, and any estimates of erosion rates that 
are available from researchers within the Research Section of the B.C. Ministry of 
Forests.   

 
Experimental Design 

 
This will be a two year project.  The project will be completed by a research 

associate under the supervision of the project leader and an academic supervisor at 
the University of British Columbia. Objectives will be achieved through a 
combination of literature review followed by modelling and analysis, as outlined 
below.   

 
Literature review and overview assessment of the issue 

 
The first activity of this project will be a literature review and synthesis of 

expected migration/erosion rates of stream banks in different geomorphic contexts, 
and a preliminary assessment of the potential for other variables to determine 
whether bank erosion will cause a significant decrease in LWD input rates from 
fixed width riparian buffers.   The review will include an assessment of the approach 
(if any) that other jurisdictions have used to deal with the issue in terms of 
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managing for variable (as opposed to fixed) buffer widths to maintain the integrity 
of stream channels and fish habitat.   

 
Model design and programming 

 
Model structure will be based on existing models of LWD recruitment rates 

(Murphy and Koski 1989, Beechie et al. 2000, Martin and Benda 2001, Welty et al. 
2002) with the addition of erosion dynamics based on published estimates or models 
of bank erosion rates in the literature (e.g. Martin and Benda 2001), and any 
estimates of erosion rates that may be available from researchers within the Research 
Section of the B.C. Ministry of Forests.   

 
The model will be spatially explicit, and permit channel migration across the 

valley bottom depending on geomorphic context (channel confinement), and will 
include both bank erosion and deposition on the opposite stream bank.  Trees will 
be regrown following clearcutting or bank deposition according to output from 
forest growth models for British Columbia (e.g. B.C. Ministry of Forest Tree and 
Stand Simulator model).  Initial riparian forest height and diameter distributions 
will be based on site-specific growth potential from the literature, forest inventories 
from British Columbia, and earlier riparian surveys by the project leader (Rosenfeld 
and Parkinson 1995). 

 
Application of the model to assess the effectiveness of fixed-width buffers 

represents the project Year 2 workplan. 
 

Results 
 

Literature review and overview assessment of the issue 
 
 A comprehensive literature review (Martin 2005) has been completed providing 
a synthesis of the factors that affect bank erosion rates and other processes that lead to 
channel migration (e.g. avulsion), and an overview of the geomorphic contexts where 
bank erosion is likely to be significant.   Information from this literature review, in 
particular a general relationship between erosion rate and drainage area (Fig. 1) 
establishes the expected range of erosion rates that occur in different sized streams.  
This information is required to establish baseline conditions for Year 2 modelling to 
assess the effects of different erosion rates on LWD inputs to stream channels in 
different geomorphic contexts. 
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Figure 1.  Relationship between drainage area and erosion rate for data from around the 

world with data from northwest America indicated by outlined symbols. 

 
Model design and programming 
 
 Basic model design and programming has been completed (see Appendix A 
below for complete description, Appendix B for program code).  The program consists 
of three modules. The first module inputs forest stand structure tables (live trees, snags, 
and coarse woody debris) produced by the B.C. Ministry of Forests Table Interpolation 
Program for Stand Yields model (TIPSY) that tracks forest stand growth over time. The 
second module models bank erosion based on published data on erosion rates 
(illustrated above).  The erosion rate based on drainage area is calculated in this module 
and is an input to the third module.  The third module is designed to calculate the 
amount of LWD recruited from different sources to the stream channel.  This module 
keeps track of which trees remain in the forest and which became LWD due to stream 
erosion or windthrow.  Although the basic model structure and interface are complete, 
certain processes still need to be programmed, such as LWD input from windthrow, 
and the model will require some level of parameter adjustment and validation to ensure 
that it produces results (LWD inputs and volume) that are realistic.  It is likely that the 
model will also evolve to some extent over time, as additional functions are added as 
necessary to improve performance. 
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Discussion 

 
 The literature review and overview assessment of bank erosion and basic model 
design are complete.  Because project Year 1 involved primarily model development, 
and simulations of the consequences of different erosion rates for LWD inputs and 
channel structure are the focus of Year 2 activities, there are no real conclusions that can 
be drawn from Year 1 activities.  Direct analysis relevant to management goals will take 
place in year 2. 

 
Management applications 

 
The bank erosion-LWD input model appears to be a suitable framework for 

assessing the potential management implications of not accounting for erosion of fixed-
width buffers, as anticipated.  The review of factors that influence bank erosion rates 
also form a sound basis for anticipating the geomorphic context where fixed-width 
buffers may be inadequate, and for establishing baseline conditions for model 
simulations.  In short, the background steps necessary for running model simulations to 
assess the management implications of different erosion rates and geomorphic contexts 
on the effectiveness of fixed width buffers are now in place.   
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Appendix A- Overview of bank erosion - LWD model 
 

 The Erosion / LWD Model is composed of three modules.  The first module uses output 
tables from a forestry growth and yield model called the Table Interpolation Program for Stand 
Yields or TIPSY.  It was designed by the BC Ministry of Forests and calculates the growth of 
different tree species, as well as tree mortality for different regions in BC.  In our modelling 
work, we use the output tables from TIPSY for live trees, standing dead trees (or snags), and for 
fallen dead trees or coarse woody debris (CWD).  These output tables need to be re-modified to 
become suitable as input parameters for the third module of our Erosion / LWD Model.  The 
second module of the model is an Erosion Model, which we developed from published data on 
erosion rates.  The erosion rate based on drainage area is calculated in this module and is an 
input to the third module.  The third module is designed to calculate the amount of LWD 
recruited from different sources to the stream channel.  This module keeps track of which trees 
remain in the forest and which became LWD due to stream erosion or windthrow (not yet 
incorporated).  All three components are described in more detail below. 
 
First Module – TIPSY  
 
TIPSY is produced by the BC Ministry of Forests, Research Branch, and can be downloaded 
from the Internet at: http://www.for.gov.bc.ca/hre/gymodels/tipsy/index.htm. 
 
 
There are multiple input windows in TIPSY: 
 
A) The first input screen is Project Title and Stand Geography, which allows the user to define 
the regional parameters that define climate and site productivity.  It is important to set the 
regional, district and biogeoclimatic zone parameters right, because there is a number of default 
values used in TIPSY that represent averages for forest districts, although it appears that this is 
more relevant for management and harvest related cost calculations.  The different parameters 
that need to be defined are: 
1. Forest Region – a user can choose between Cariboo, Kamloops, Nelson, Prince George, 

Prince Rupert and Vancouver regions. 
2. Forest District – a number of districts are provided for each Forest Region (e.g. for 

Vancouver Region the user can choose between Campbell River, Chilliwack, Duncan, Mid 
Coast, Port Alberni, Port McNeil, Queen Charlotte Islands, Squamish and Sunshine Coast). 

3. Biogeoclimatic Zone – gives framework of landscape ecology taking vegetation, climate and 
soils classification (for more info see http://www.for.gov.bc.ca/hre/becweb/zonerprt.htm).   
For example, for the Chilliwack district in Vancouver region, the user can choose between: 
AT – alpine tundra; CDF – Coastal Douglas Fir; CWH – Coastal Western Hemlock; ESSF - 
Engelmann Spruce/Subalpine Fir; IDF – Interior Dougls Fir; and MH – Mountain Hemlock. 

4. Average Slope – this is the terrain slope and it does not affect forest growth, but is used for 
calculating costs for planting, harvesting and pre-commercial thinning. 

 
B) The second input screen is the Species Specification, in which the user defines the species that 
would be present in the forest plot of interest, as well as some characteristic species parameters:   
1. Pressing the Species Selection Add button pulls up a window where a tree species is 

selected, and there is an option to have the regional species displayed only, or all species 
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defined in the model.  More than one tree species can be selected with a selected percentage 
of representation in the forest plot, and species can be deleted from the list as well.  (Note: 
Lodgepole Pine shows as default species with SI=20.0 m.  If this species is not deleted 
before adding new species, the program suggests the same SI=20.0 m for all species.  
Similarly, whichever species is the first on the list with its default SI value, the same  SI 
value will be suggested for additional species with a possibility to change this value) 

2. Site Index (SI in meters) is a measure of site productivity and is based on the top height of a 
stand at age 50.  Default values are offered and are calculated from height-age curves for 
different species and different regions that are based on literature review.  The user can over-
ride these values. 

3. Planting Stock Height allows the user to choose the height of trees at planting age (1 yr old) 
in centimetres and default values are also offered for different species. 

4. Fertilization Response where either the Ministry standard response from fertilization trials 
can be used, or it can be custom defined (for % increase in the 10-year total volume 
increment). 

5. There is an option to change the Genetic Worth of trees by entering the percentage of 
genetic gain as an increase in top height, which would be due to planting genetically 
improved material. 

 
C) The Species Specification input screen allows the user to define the forest stand in terms of 
stand regeneration, treatment and operational adjustment factors. 
1. A user can choose between Planted (established in a square spacing pattern with some 

variation allowed about the intended locations), Natural (trees assigned random positions) or 
Clumped stands (natural clumping requires random location of a number of clump centres 
with the positioning of trees about each centre).  Regeneration delay can be defined between 
0 and 50 years and represents the number of years from disturbance (e.g. harvesting or fire) 
until the stand is established, either by planting or naturally.  The initial density is set in 
terms of number of trees per hectare and the user can set it based on known spacing between 
the trees, or based on the number of trees in a hectare.  A plot of the Initial Stem Map is 
available for viewing (Figure 1b). 

2. Three types of treatment are offered: Pre-commercial thinning (PCT), Commercial thinning 
and Fertilization, for which the user chooses application age and percentage of effectiveness. 

3. Operational Adjustment Factors (OAF), where: OAF1 is used to describe percentage 
reduction in volume which is constant with age, and which is due to unproductive areas like 
holes in a stand; and OAF2 describes the percentage reduction in volume which increases 
with age, and is due to losses toward maturity due to pest damage.  In addition, the user can 
set Custom OAFs; Decay, Waste and Breakage Losses; and Variable Retention due to crown 
cover.  All these options are used to calculate to percentage reduction in merchantable 
volume. 

 
D) The fourth input screen is Table Specifications, which influences how most output tables 
from TIPSY will be formatted. 
1. Defining the total length of simulation (max up to 300 yrs), together with the time step from 

1 to 25 years. 
2. Defining if tables should be formatted in uniform steps of age or top height.  Note: the top 

height option is not available for stands with multiple tree species. 
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Figure 1: (a) TIPSY screen with Stand and Species description; and (b) Initial Stem Map 
E) The fifth and last input screen is Stand Description Display and allows the user to define 
which parameters for stand and species description will be displayed.  This display can be 

recalled later by clicking on the  icon (Figure 1a). 
 
All input screens are accompanied with appropriate and detailed help files with explanations on 
background theory, which should be referred to in case the user is uncertain about using various 
options. 
 
TIPSY offers a variety of output tables and plots.  For the purposes of the third module in our 
Erosion / LWD Model, the following tables should be calculated: 

1. Stand, Stock and Volume Per Tree Table , for which the Stand Table [#/ha] should be 
selected. 

2. Snag Table , which is defined by an equation describing the probability of standing, for 
which default values for coefficients are offered and which depend on the number of years 
the tree was dead and on DBH (diameter at breast height). 

3. Coarse Woody Debris (CWD) Table , for which a decay coefficient should be defined 
and a default value for species is offered.  The output table can display values of CWD 
periodic recruitment in terms of number of trees or volume, and Cumulative volume of 
CWD less decay.  For our model, the Cumulative volume of CWD less decay with the “All 
CWD created since age 0” option selected. 

 

All three tables should be exported by using the Export  button, with Column Delimiter set to 
Comma, and with Include Column Header option selected (Figure 2).  This is a very important 
step, because the third module which calculates LWD is designed to recognize the different 
output tables and perform calculations accordingly. 

 
 

 
Figure 2: TIPSY screen where the format for exporting a table is defined. 
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Second Module – Erosion 
 
The Erosion model is described in detail in a report Implications of Static Riparian Reserve 
Zones for Long-Term Function of Naturally Migrating River Channels: Erosion / Migration 
Rates of Stream Banks.  Only the final results and some general observations from that report 
will be addressed here. 
 
Erosion data obtained from a number of studies (Hooke, 1980; Hickin and Nanson, 1984; Hickin 
1988; Lawler, 1993; Martin and Benda, 2001; Benda et al., 2002; O’Connor et al, 2003; Micheli 
et al, 2004; and Zaimes et al., 2004) are plotted versus drainage area in Figure 3.  Because we are 
explicitly interested in modelling erosion rate effects on riparian management in British 
Columbia, we analyzed the subset of northwest North American data separately. These data 
points are outlined with red squares in Figure 3.  The best fit power relationships for all data and 
for northwest American data alone are also given on the graph.  Although data from northwest 
America fit well with the rest of the data, the slope and the coefficient in the two power 
relationships are different to some extent, and the North American equation predicts somewhat 
higher erosion rates for smaller watersheds.   
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Figure 15: Relationship between drainage area and erosion rate for data from around the world 
with outlined data for northwest America. 

 
Most erosion takes place in events that occur several times a year (moderate but frequent), as 
opposed to less frequent bigger events (Hooke, 1980).  Erosion measurements are often carried 
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out in meandering reaches or actively eroding sections rather than for representative or randomly 
selected sections.  This means that Figure 3 may better represent maximum erosion rates instead 
of average erosion rates for a given stream.  The scatter in erosion rates evident in Figure 3 
varies two and even close to three orders of magnitude for very large watersheds, but the general 
increasing trend with watershed size is evident.  The reasons for this scatter are numerous, 
including a diversity of geoclimatic settings, differences in erosion rates due to land-use 
practices, old-growth vs. second-growth forests, different methods of determining erosion rate, 
or erosion measurements performed at different locations in the watershed. 
 
In our model, the relationship between drainage area and erosion rate is used in combination with 
the Rosgen channel classification chart (Rosgen and Silvey, 1996), and with O’Connor and 
Watson tables (1998) to predict how much erosion to expect in different geomorphic settings. 
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Third Module - LWD  
 
We developed the LWD model to account for large woody debris recruited to the stream channel 
from 10 x 10 m cells (Figure 4).  At this time, trees are recruited due to stream bank erosion 
only; windthrow recruitment is under development.  The forest state is an input from TIPSY, 
while the erosion rate is calculated in the Erosion Model.  The number of trees and the tree size 
distribution in each 100 m2 cell is proportional to the number of trees per hectare, which is given 
in TIPSY output tables. 
 
 

 
 

Figure 4: Schematic of a stream with a buffer zone and a managed forest zone used in  
the LWD model 

 
In our model we assume that the stream is in an equilibrium state and that the stream width does 
not change through time.  This would mean that as erosion occurs on one side of the stream, 
deposition occurs on the opposite side.  Furthermore, we assume that the transport of LWD is 
also in equilibrium and that the amount of LWD transported into the study reach is equivalent to 
the amount of LWD transported out of the reach or lost through decay and mechanical 
breakdown. 
 
There are two input screens designed for this module.  The first screen is related to 
manipulations that are necessary to modify TIPSY output tables, while the second screen refers 

Stream 
Width 

Riparian 
Buffer Zone 

Managed 
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10 x 10 m 
modelling 
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Erosion 
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to the definition of erosion, buffer width, forest age and initial conditions of LWD.  The 
following describes the operations performed on variables in TIPSY input tables in this module: 
 
A) The first input screen (Figure 5) 
 

 
Figure 5: The first input screen for the LWD module 

 
1. Project Identification (Verify Project ID) 

   Unique for each input file set from TIPSY. 
   Does not allow processing different input TIPSY files with a same ID. 
   The model can be re-run with different set of parameters for output files from TIPSY   

that were processed earlier. 
  

2. Open Input File 
   Opens TIPSY files for Live Trees (LT), Dead Standing Trees (DS) and Dead Fallen 

Trees (DF) for processing.  For Live Trees and Dead Standing Trees called Snags in 
TIPSY, the option of [# trees/ha] has to be selected when saving tables in TISPY.  For 
Dead Fallen Trees called CWD in TIPSY, the volume [m3/ha] option should be chosen 
as this incorporates the decay factor in the volume calculations. 

   Note: When exporting these files from TIPSY, they have to be saved with a header and 
as comma separated files (.csv) 

 
3. Analyze Header 

   In this step, based on the header from TIPSY output tables, the model recognizes which 
type of a table is opened, which will determine the necessary processing steps.  



 

 17

   The Time Step used in TIPSY is determined here and becomes a default Time Step for 
the third module as well. 

 
4. Process Input File 

   The input files from TIPSY are reformatted, zero values are assigned for empty spaces, 
DBH (diameter at breast height) is recalculated for Live Trees. 

   Creates reformatted output files for further processing, these have a .csv extension that 
can readily be viewed in Excel. 

 
5. Process Output File 

   Calculates Tree Height for different DBH classes and saves these in a .csv output file. 
   Creates new .csv output files in which volumes are calculated for Live Trees and Dead 

Standing Trees, both per hectare (as in TIPSY) and per a cell defined in our model (100 
m2).  

   Creates a new .csv output file for Dead Fallen Trees per cell area. 
 
NOTE:  Steps 4 and 5 are described in detail in Table 1. 
 

6. Input Model Parameters 
   Closes the previous file processing window and opens a new window. 
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Table heading from 
TIPSY 

Trees (#/ha) by DBH class (cm) Standing dead trees (#/ha) by DBH 
class (cm) 

Cumulative Volume (m3/ha) of CWD 
(less decay) by DBH Class (cm) (= 
Total V for CWD) 

Table name LiveTrees DeadStanding DeadFallen 
Manipulation 1 Read table heading for j>13 Read table heading for j>13 Read table heading for j>13 
Manipulation 2 Fill in the blanks with zeros (0)   
Manipulation 3: 
DBH classes 
(#/ha) 

Reduce the number of DBH classes to 
match classes in other two tables; new 
classes are 5, 15, 25, 35, 45, 55, 65, 
75, 85, and 95+ (see Note 1 below for 
conversions)  

  

Manipulation 4: 
Tree heights 
(m) 
(same values for all 
three tables) 

Calculate the maximum tree height for 
each DBH class (Note 2): 
HDBH = Hmax*[1-e^(b2*DBH)]^b3 
- Hmax is the height from column 2 

at age 300 
- DBH is read for each column for 

row 3 of the table after 
Manipulation 3 

- b2 = -0.0223 
- b3 = 1.0177 

Note: this value does not depend on 
the tree age, only on the tree diameter 

Calculate the maximum tree height for 
each DBH class: 
HDBH = Hmax*[1-e^(b2*DBH)]^b3 
- Hmax is the height from column 2 

at age 300 
- DBH is read for each column for 

row 3 of the original table  
- b2 = -0.0223 
- b3 = 1.0177 

Note: this value does not depend on 
the tree age, only on the tree diameter 

 

Manipulation 5: 
Tree volumes 
(m3/ha) 

Calculate the volume of trees using the 
formula for a cone: 
totalVDBH = π/3*(DBH/2)^2*H DBH *(# 
of trees from Manipulation3) 

Calculate the volume of trees using the 
formula for a cone: 
totalVDBH = π/3*(DBH/2)^2*H DBH *(# 
of trees from original table) 

This table is already in volumes, no 
conversions needed up to this point. 

Manipulation 6: 
Extend tables to 500 
years 

Copy the tree distribution for 300th  
year and paste it for each next time 
step up to 500 yrs. (see Note 3) 

Copy the tree distribution for 300th  
year and paste it for each next time 
step up to 500 yrs. 

Copy the tree distribution for 300th  
year and paste it for each next time 
step up to 500 yrs. 

Manipulation 7: 
From 1 ha to  
100 m2 (m3/are) 

Convert the volumes table from m3/ha 
to our 10*10 m cell (=m3/100 m2): 
NewVolumes = total VDBH/100  

Convert the volumes table from m3/ha 
to our 10*10 m cell (=m3/100 m2): 
NewVolumes = total VDBH/100  

Convert the volumes table from m3/ha 
to our 10*10 m cell (=m3/100 m2): 
NewVolumes = total V/100  

 
Table 1: Outline of manipulations performed on TIPSY tables.  See Notes below for further explanations.



 

 19

Note 1:   
The DBH classes in TIPSY for Standing live trees are given as: 5, 10, 15, 20, 25, 30, 35, 40, 45, 
50, 55, 60, 65, 70, 75, 80, 85, 90, and 95+ cm.  For Snags and CWD the DBH classes are: 5, 15, 
25, 35, 45, 55, and 65+ cm.   In our model we convert the DBH classes for standing live trees to 
match the other two tables: 5, 15, 25, 35, 45, 55, 65, 75, 85, and 95+ (Figure 6).  
 
Columns refer to the original TIPSY tables for Live standing trees given in # trees/ha, which are 
classified in 5 cm increment DBH classes, where Column 4 is DBH = 5cm, and Column 22 is 
DBH = 95+cm. 
 
Manipulation 3:  NewColumn4   =      Column4   + Column5   + 0.5Column6     (DBH 5 cm) 
      NewColumn5   = 0.5Column6   + Column7   + 0.5Column8     (DBH 15 cm) 
      NewColumn6   = 0.5Column8   + Column9   + 0.5Column10   (DBH 25 cm) 
      NewColumn7   = 0.5Column10 + Column11 + 0.5Column12   (DBH 35 cm) 
      NewColumn8   = 0.5Column12 + Column13 + 0.5Column14    (DBH 45 cm) 
      NewColumn9   = 0.5Column14 + Column15 + 0.5Column16    (DBH 55 cm) 
      NewColumn10 = 0.5Column16 + Column17 + 0.5Column18    (DBH 65 cm) 
                 NewColumn11 = 0.5Column18 + Column19 + 0.5Column20    (DBH 75 cm) 
      NewColumn12 = 0.5Column20 + Column21                  (DBH 85 cm) 
      NewColumn13 = Column22              (DBH 95+ cm) 
 
The largest diameter is left intact, because it is already clumped together for all diameters larger 
than 95 cm and it is expected that the influence of some of the biggest trees would be lost further 
if more grouping was done.  For the same reason the diameter classes of 65, 75 and 85 cm are 
kept for the live trees, while they could not be obtained for the standing dead or fallen dead trees, 
since these are not provided as a TIPSY output. 
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Figure 6: DBH conversion for standing live trees.  Simulation run in TIPSY is for a naturally 
grown Western Coastal Hemlock in Vancouver / Chilliwack region with initial tree density of 

1600 trees/ha 



 

 20

Note 2: 
Manipulation 4: The tree height was estimated using an asymptotic Chapman – Richards 
equation.  Maximum height is used as predicted in TIPSY tables for age of 300 yrs.  Coefficients 
b2 and b3 are based on the analysis of Huato (2003). 
 
Note 3: 
Manipulation 6: The tree stand distribution stabilizes after approximately 280 years (Figure 7.), 
as determined from TIPSY Stand tables.  The maximum length of simulation in TISPY is 300 
yrs, and we consider that a forest stand at 300 yrs would be representative of an old growth forest 
and would be found in undisturbed buffer zones.  To be able to simulate forests beyond 300 yrs 
of age, we extended the TIPSY tables up to 500 yrs by copying the tree distribution present at 
300 yrs for each next time step. 
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Figure 7: Tree distribution in a 1 ha forest stand at different time steps.  Simulation run in 
TIPSY is for a naturally grown Western Coastal Hemlock in Vancouver / Chilliwack region with 

initial tree density of 1600 trees/ha 
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B) The second input screen in the LWD module is designed to input parameters for the LWD 
simulation (Figure 8).  The following are the calculation steps used in this module. 
 
1. The input model parameters are: 

   Time Step [yr] (default from TIPSY) 
   Erosion Rate [m/yr] 
   Buffer Width [m] – refers to the protected zone next to the stream, which has old growth 

forest and for which tree distribution will be taken from 300 years on.  Could be set to 
zero if simulating clearcut to the stream bank. 

   Forest Age [yr] – refers to the age of the forest beyond the buffer zone at the beginning 
of the simulation.  Could be set to 300 yrs, which would indicate that we simulate a 
mature intact forest.  The model checks if Forest Age is a multiple of Time Step, which 
is a necessary condition to use forest stand data from TIPSY output tables. 

   Initial LWD [m3/ m] – Could input initial quantities of LWD present in the stream at the 
beginning of the simulation.   

   Run Length [yr] – This determines how long the simulation is and also has to be a 
multiple of the Time Step. 

   Model constants are: 
o cell width = 10 m 
o cell length = 10 m 

 

 
 

Figure 8: The second input screen for the LWD module 
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2. Calculating the number of cells in the buffer, the cell area, and the buffer area for each time 
step. 
3. Calculating eroded area for a given time step. 
4. Iterations start, where the model loops through a number of procedures for each time step until 
the end of the Run Length: 

   Comparing eroded area to cell area, calculating eroded buffer area for each time step 
and checking if there is any buffer left. 

   Calculating the correction factor for determining the number of trees that will fall into 
the stream due to erosion, where: 

 
Erosion area 

Correction Factor =  
        Cell area 
 

   Reading appropriate age input line from volume files, applying the correction factor, 
calculating the volume of LWD that is proportional to the eroded area, and writing an 
output line into a single output file for each time step.  Note: if the cell is still in the 
buffer zone, tree data are taken from 300 yrs on, if outside the buffer, tree data are taken 
for the current time step.  At this time, the model cannot deal with trees originating from 
two different cells in a single time step.   

   Applying a decay function to LWD in the stream of a form Dt = D0e-kt, which combines 
all sources of depletion (Harmon et al, 1986), e.g. export, abrasion, rot and eventual 
breakage.  The depletion rate (k) varies with tree species, DBH and LWD length, but 
information on species specific depletion rates is rarely available, and is not considered 
as such in this work.  The depletion rates were determined by Murphy and Koski (1989) 
based on tree diameter for old-growth forest of Southeast Alaska and are as follows: 

o DBH = 10 – 30 cm  k = 0.022 
o DBH = 31 – 60 cm  k = 0.016 
o DBH = 61 – 90 cm  k = 0.0145 
o DBH > 90 cm   k = 0.012 

 
5. Creating a Crystal Report file that shows volumes per DBH class for each time step, and the 
total volume for an age group.  The report has a drill-down for each age group, which is a 
volume split for Live trees (LT), Dead standing trees (DS) and Dead fallen trees (DF).  The table 
below is copied from a Crystal Report file.  The numbers represent LWD in each DBH class for 
separate years and at the bottom of the report, a drill-down for the 200th year time step is shown.  
The report was generated for the following conditions: 

 Output tables were generated with TIPSY for Vancouver region, Chilliwack forest 
district, for Coastal Western Hemlock, where forest regeneration beyond the buffer was 
natural with a target density of 1600 trees/ha (Figure 1a).  The run was for 300 yrs with 
a 10 yrs time step. 

 Figure 5 shows the first input screen in the LWD module, where the Standing live trees 
were uploaded in the model and processing started by assigning zeros to empty spaces.  
The Dead standing and Dead fallen trees were processed as well before taking the next 
step. 



 

 23

 Figure 8 shows the second input screen in the LWD module, where we defined that the 
erosion rate was 0.2 m/yr, the buffer zone was 20 m wide, the forest age outside the 
buffer was 0 at the beginning of the LWD simulation, there was no LWD in the stream 
at the beginning of the simulation, which was 300 yrs long. 

 
This means that for the given erosion rate, the buffer lasted for 100 yrs and during this period 
LWD was recruited from a mature forest due to erosion.  Recalling that the forest stand stabilizes 
after about 280 years and that we copy the 300th year tree distribution to create mature forest in 
the buffer zone, follows that we will have the same number of trees in each DBH class for each 
time step while within the buffer zone. Therefore, the amount of LWD increment for each time 
step and for each DBH class does not change during the first 100 years either and the largest 
quantity of trees comes from a 75 cm DBH category.  Once the erosion cut through the buffer 
and reached the regenerated forest in the 110th year time step, LWD starts being recruited from 
the new forest.  The larger quantities shift towards smaller diameters, and the total recruited 
LWD for each subsequent time step is less than what it was while LWD was recruited from the 
buffer (last column in the Crystal Report).  The amounts start approaching initial values 200 
years later (300 years after the beginning of the simulation).  (Note: the last column is 
incremental and not cumulative, and LWD decay was not applied in these calculations). 
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Figure 9: Incremental amount of LWD per DBH class for a simulation for a 20 m wide buffer zone 
and a 0.2 m/yr erosion rate (note: the 100th year is a reference line and represents a mature forest).
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CRYSTAL REPORT OUTPUT: 
 
 Volume of LWD Increment per DBH class [m3/10m] Report created on: 4/21/2005 
 
 Age Type 5 15 25 35 45 55 65 75 85 95 Total for Age Group 
  
 10 0.0000 0.0003 0.0159 0.1477 0.3181 0.4971 0.8486 0.8097 0.5254 0.5192 3.6820 
 20 0.0000 0.0003 0.0159 0.1477 0.3181 0.4971 0.8486 0.8097 0.5254 0.5192 3.6820 
 30 0.0000 0.0003 0.0159 0.1477 0.3181 0.4971 0.8486 0.8097 0.5254 0.5192 3.6820 
 40 0.0000 0.0003 0.0159 0.1477 0.3181 0.4971 0.8486 0.8097 0.5254 0.5192 3.6820 
 50 0.0000 0.0003 0.0159 0.1477 0.3181 0.4971 0.8486 0.8097 0.5254 0.5192 3.6820 
 60 0.0000 0.0003 0.0159 0.1477 0.3181 0.4971 0.8486 0.8097 0.5254 0.5192 3.6820 
 70 0.0000 0.0003 0.0159 0.1477 0.3181 0.4971 0.8486 0.8097 0.5254 0.5192 3.6820 
 80 0.0000 0.0003 0.0159 0.1477 0.3181 0.4971 0.8486 0.8097 0.5254 0.5192 3.6820 
 90 0.0000 0.0003 0.0159 0.1477 0.3181 0.4971 0.8486 0.8097 0.5254 0.5192 3.6820 
 100 0.0000 0.0003 0.0159 0.1477 0.3181 0.4971 0.8486 0.8097 0.5254 0.5192 3.6820 
 110 0.0020 0.0538 0.2034 0.3744 0.6373 0.6000 0.3766 0.1065 0.0573 0.0000 2.4114 
 120 0.0015 0.0462 0.1929 0.3478 0.5797 0.6763 0.4620 0.1776 0.1051 0.0000 2.5889 
 130 0.0011 0.0388 0.1829 0.3279 0.5340 0.7293 0.5373 0.2628 0.1051 0.0247 2.7440 
 140 0.0009 0.0308 0.1696 0.3167 0.4963 0.7426 0.6126 0.3409 0.0669 0.0742 2.8514 
 150 0.0006 0.0242 0.1553 0.3028 0.4666 0.7525 0.6678 0.4119 0.0573 0.1236 2.9628 
 160 0.0005 0.0188 0.1382 0.2932 0.4489 0.7326 0.7030 0.4830 0.0860 0.1483 3.0525 
 170 0.0003 0.0139 0.1221 0.2833 0.4352 0.7194 0.7231 0.5540 0.1051 0.1731 3.1294 
 180 0.0003 0.0106 0.1084 0.2732 0.4191 0.6995 0.7582 0.5895 0.1528 0.1731 3.1846 
 190 0.0002 0.0082 0.0946 0.2604 0.4021 0.6663 0.7884 0.6392 0.2292 0.1731 3.2616 
 200 0.0001 0.0060 0.0817 0.2532 0.3927 0.6464 0.8185 0.6605 0.2770 0.1731 3.3092 
 210 0.0001 0.0043 0.0710 0.2396 0.3827 0.6234 0.8486 0.6747 0.3248 0.1731 3.3422 
 220 0.0001 0.0034 0.0617 0.2260 0.3736 0.5939 0.8687 0.6889 0.3821 0.1978 3.3963 
 230 0.0001 0.0026 0.0524 0.2146 0.3680 0.5711 0.8888 0.6960 0.4203 0.2225 3.4364 
 240 0.0000 0.0019 0.0444 0.2010 0.3600 0.5515 0.9139 0.7103 0.4776 0.2225 3.4832 
 250 0.0000 0.0012 0.0367 0.1906 0.3556 0.5286 0.9290 0.7245 0.5158 0.2472 3.5293 
 260 0.0000 0.0010 0.0324 0.1812 0.3471 0.5205 0.9089 0.7529 0.5158 0.3214 3.5812 
 270 0.0000 0.0009 0.0274 0.1708 0.3363 0.5156 0.8938 0.7600 0.5254 0.3708 3.6011 
 280 0.0000 0.0007 0.0235 0.1637 0.3292 0.5073 0.8787 0.7813 0.5158 0.4203 3.6205 
 290 0.0000 0.0005 0.0198 0.1557 0.3218 0.4989 0.8637 0.8026 0.5349 0.4697 3.6676 
 300 0.0000 0.0003 0.0159 0.1477 0.3181 0.4971 0.8486 0.8097 0.5254 0.5192 3.6820 
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A drill-down for 200 yrs time step: 
 
 200 DS 0.0000 0.0000 0.0090 0.0389 0.0159 0.0000 0.0000    
 200 LT 0.0000 0.0000 0.0111 0.1363 0.3693 0.6464 0.8185 0.6605 0.2770 0.1730 
 200 DF 0.0001 0.0060 0.0616 0.0780 0.0076 0.0000 0.0000    
 200 0.0001 0.0060 0.0817 0.2532 0.3927 0.6464 0.8185 0.6605 0.2770 0.1731 3.3092 
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Appendix B: Code for the Third Module: The LWD Model 
 

Module Code 
    Public strFileNameIn, strFileNameOut, strFileNameOutCell, strLineIn, strLineOut, strLineoutCell, 
strOut, strHead, strType As String 
    'these are used for file name constants  
    'Public strStanding As String = "DeadStanding" 
    Public strStanding As String = "DS" 
    'Public strFallen As String = "DeadFallen" 
    Public strFallen As String = "DF" 
    'Public strLive As String = "LiveTrees" 
    Public strLive As String = "LT" 
    'new header lines 
    Public strNewHdrL As String = "Age,Height,5,15,25,35,45,55,65,75,85,95" 
    Public strNewHdr As String = "Age,Height,5,15,25,35,45,55,65" 
    Public strLWDhdr As String = "Age,Type,5,15,25,35,45,55,65,75,85,95" 
 
    'declare filename variables 
    Public strS, strF, strL As String 
    'declare output filename variables 
    Public strDSvol As String = "DS_Volume_" 
    Public strDSvolCell As String = "DS_VolumeCell_" 
    Public strLTvol As String = "LT_Volume_" 
    Public strLTvolCell As String = "LT_VolumeCell_" 
    Public strDFVolCell As String = "DF_VolumeCell_" 
    Public strLWD As String = "LWD_Output_" 
    Public strExt As String = ".csv" 
    Public strPrnFile As String = "LWD01.csv" 
    Public strReportFile As String = "LWD01.rpt" 
    Public strSuffix As String 
 
    'timestep variables to be kept around 
    Public nTsDS, nTsDF, nTsLT As Integer 
 
    'declare variables for the model calculations 
    Public nErosionRate, nForestAge, nTimeStep, nBufferWidth, nInitLWD As Double 
    Public nCellWidth As Integer = 10 
    Public nCellLength As Integer = 10 
    Public nErosionArea, nCellsInBuffer, nErodedBuffer, nRemainingBuffer, nCellArea, nBufferArea As 
Double 
    Public nTargetYears As Integer 
 
 
    'string array for line input manipulation 
    Public strArray() As String 
    'set up "file exists" flag & file counter 
    Public bStrS As Boolean = False 
    Public bStrF As Boolean = False 
    Public bStrL As Boolean = False 
    Public nFileCounter As Integer = 0 
 
 
 
    Public Function OpenFileDlg(ByVal sender As System.Object, ByVal strStartdir As String, ByVal 
strFilter As String) As String 
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        'create empty dialog  
        Dim NewDlg As New System.Windows.Forms.OpenFileDialog 
 
        'Debug.WriteLine("entering file dialog subrutine") 
 
        'assign variables 
        NewDlg.InitialDirectory = strStartdir 
        NewDlg.Filter = strFilter 
        NewDlg.FilterIndex = 2 
        NewDlg.RestoreDirectory = True 
 
 
        If NewDlg.ShowDialog() = DialogResult.OK And (NewDlg.FileName.Length > 0) Then 
            'do required operations 
            Debug.WriteLine("OK button pressed") 
            ' Load the contents of the file into the sender object 
            sender.LoadFile(NewDlg.FileName, RichTextBoxStreamType.PlainText) 
            OpenFileDlg = NewDlg.FileName 
        End If 
 
    End Function 
    Public Function ReduceLiveTrees(ByVal strIn() As String) 
        Dim strReturn As String 
        Dim k, intNew, int1, int2, int3 As Integer 
 
        'blank the return string 
        strReturn = Nothing 
        'loop the array and calculate new columns - column array starts at 0; columns are K+1 
        For k = 0 To UBound(strIn) 
            Select Case k 
                Case 0 
                    strReturn = Trim(strIn(0)) 
                Case 1 
                    strReturn = strReturn & "," & Trim(strIn(1)) 
                Case 2 'dont want this summary column 
                    strReturn = strReturn 
                Case 3 
                    strReturn = strReturn & "," & CStr(Val(strIn(3)) + Val(strIn(4)) + (0.5 * Val(strIn(5)))) 
                Case 4 
                    strReturn = strReturn & "," & CStr((0.5 * Val(strIn(5))) + Val(strIn(6)) + (0.5 * Val(strIn(7)))) 
                Case 5 
                    strReturn = strReturn & "," & CStr((0.5 * Val(strIn(7))) + Val(strIn(8)) + (0.5 * Val(strIn(9)))) 
                Case 6 
                    strReturn = strReturn & "," & CStr((0.5 * Val(strIn(9))) + Val(strIn(10)) + (0.5 * 
Val(strIn(11)))) 
                Case 7 
                    strReturn = strReturn & "," & CStr((0.5 * Val(strIn(11))) + Val(strIn(12)) + (0.5 * 
Val(strIn(13)))) 
                Case 8 
                    strReturn = strReturn & "," & CStr((0.5 * Val(strIn(13))) + Val(strIn(14)) + (0.5 * 
Val(strIn(15)))) 
                Case 9 
                    strReturn = strReturn & "," & CStr((0.5 * Val(strIn(15))) + Val(strIn(16)) + (0.5 * 
Val(strIn(17)))) 
                Case 10 
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                    strReturn = strReturn & "," & CStr((0.5 * Val(strIn(17))) + Val(strIn(18)) + (0.5 * 
Val(strIn(19)))) 
                Case 11 
                    strReturn = strReturn & "," & CStr((0.5 * Val(strIn(19))) + Val(strIn(20))) 
                Case 12 
                    strReturn = strReturn & "," & CStr(Val(strIn(21))) 
                Case Else 
                    strReturn = strReturn 
 
            End Select 
        Next 
 
        ReduceLiveTrees = strReturn 
 
    End Function 
    Public Function fFileExist() As Boolean 
        Try 
            FileOpen(1, strS, OpenMode.Input, OpenAccess.Read, OpenShare.LockRead, ) 
            FileClose(1) 
            bStrS = True 
            nFileCounter = 1 
        Catch ex As Exception 
            bStrS = False 
        End Try 
 
        Try 
            FileOpen(1, strF, OpenMode.Input, OpenAccess.Read, OpenShare.LockRead, ) 
            FileClose(1) 
            bStrF = True 
            nFileCounter = nFileCounter + 1 
        Catch ex As Exception 
            bStrF = False 
        End Try 
 
        Try 
            FileOpen(1, strL, OpenMode.Input, OpenAccess.Read, OpenShare.LockRead, ) 
            FileClose(1) 
            bStrL = True 
            nFileCounter = nFileCounter + 1 
        Catch ex As Exception 
            bStrL = False 
        End Try 
 
        If bStrS Or bStrF Or bStrL Then 
            fFileExist = True 
        Else 
            fFileExist = False 
        End If 
    End Function 
    Public Function GetLWDvalues(ByVal strInfile As String, ByVal strtype As String, ByVal nAge As 
Integer, ByVal nIncrement As Integer, ByVal nFactor1 As Double, ByVal nFactor2 As Double, ByVal 
bInBuffer As Boolean) As String 
 
        Dim strLWDvalues, strAge, strIncrement, strLine As String 
        Dim k As Integer 
        Dim nCurrent As Double 
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        strIncrement = CStr(nIncrement) 
 
        FileOpen(7, strInfile, OpenMode.Input, OpenAccess.Read, OpenShare.LockRead, ) 
 
        If bInBuffer Then 
            'strOrigAge = CStr(nAge) & ".0" 
            strAge = "300.0" 
        Else 
            strAge = CStr(nAge + nIncrement) & ".0" 
        End If 
 
        strArray = Nothing 
 
        Do While Not EOF(7) 
            strLine = LineInput(7) 
            strArray = Split(strLine, ",") 
 
            If strArray(0) = strAge Then 
                For k = 0 To UBound(strArray) 
                    If k = 0 Then 
                        strLWDvalues = strIncrement & "," 
                    ElseIf k = 1 Then 
                        strLWDvalues = strLWDvalues & strtype & "," 
                    Else 
                        nCurrent = Val(strArray(k)) 
                        nCurrent = (nCurrent * nFactor1) + (nCurrent * nFactor2) 
                        strLWDvalues = strLWDvalues & CStr(nCurrent) & "," 
                    End If 
                Next 
                Exit Do 
            End If 
        Loop 
        FileClose(7) 
        GetLWDvalues = strLWDvalues 
    End Function 
End Module 
 
 
 
 
 
 
Public Class Form1 
    Inherits System.Windows.Forms.Form 
 
#Region " Windows Form Designer generated code " 
 
    Public Sub New() 
        MyBase.New() 
 
        'This call is required by the Windows Form Designer. 
        InitializeComponent() 
 
        'Add any initialization after the InitializeComponent() call 
 
    End Sub 
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    'Form overrides dispose to clean up the component list. 
    Protected Overloads Overrides Sub Dispose(ByVal disposing As Boolean) 
        If disposing Then 
            If Not (components Is Nothing) Then 
                components.Dispose() 
            End If 
        End If 
        MyBase.Dispose(disposing) 
    End Sub 
 
    'Required by the Windows Form Designer 
    Private components As System.ComponentModel.IContainer 
 
    'NOTE: The following procedure is required by the Windows Form Designer 
    'It can be modified using the Windows Form Designer.   
    'Do not modify it using the code editor. 
    Friend WithEvents OpenFileDialog1 As System.Windows.Forms.OpenFileDialog 
    Friend WithEvents RichTextBox1 As System.Windows.Forms.RichTextBox 
    Friend WithEvents btnOpen As System.Windows.Forms.Button 
    Friend WithEvents btnAnalyze As System.Windows.Forms.Button 
    Friend WithEvents lblTitle As System.Windows.Forms.Label 
    Friend WithEvents btnProcess As System.Windows.Forms.Button 
    Friend WithEvents rtOut As System.Windows.Forms.RichTextBox 
    Friend WithEvents LblIn As System.Windows.Forms.Label 
    Friend WithEvents LblOut As System.Windows.Forms.Label 
    Friend WithEvents txtSuffix As System.Windows.Forms.TextBox 
    Friend WithEvents Label1 As System.Windows.Forms.Label 
    Friend WithEvents btnStart As System.Windows.Forms.Button 
    Friend WithEvents btnCalc As System.Windows.Forms.Button 
    Friend WithEvents btnRunModel As System.Windows.Forms.Button 
    <System.Diagnostics.DebuggerStepThrough()> Private Sub InitializeComponent() 
        Me.btnAnalyze = New System.Windows.Forms.Button 
        Me.OpenFileDialog1 = New System.Windows.Forms.OpenFileDialog 
        Me.RichTextBox1 = New System.Windows.Forms.RichTextBox 
        Me.btnOpen = New System.Windows.Forms.Button 
        Me.lblTitle = New System.Windows.Forms.Label 
        Me.btnProcess = New System.Windows.Forms.Button 
        Me.rtOut = New System.Windows.Forms.RichTextBox 
        Me.LblIn = New System.Windows.Forms.Label 
        Me.LblOut = New System.Windows.Forms.Label 
        Me.txtSuffix = New System.Windows.Forms.TextBox 
        Me.Label1 = New System.Windows.Forms.Label 
        Me.btnStart = New System.Windows.Forms.Button 
        Me.btnCalc = New System.Windows.Forms.Button 
        Me.btnRunModel = New System.Windows.Forms.Button 
        Me.SuspendLayout() 
        ' 
        'btnAnalyze 
        ' 
        Me.btnAnalyze.Enabled = False 
        Me.btnAnalyze.Location = New System.Drawing.Point(736, 72) 
        Me.btnAnalyze.Name = "btnAnalyze" 
        Me.btnAnalyze.Size = New System.Drawing.Size(128, 24) 
        Me.btnAnalyze.TabIndex = 0 
        Me.btnAnalyze.Text = "Analyze Header" 
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        ' 
        'RichTextBox1 
        ' 
        Me.RichTextBox1.Location = New System.Drawing.Point(24, 72) 
        Me.RichTextBox1.Name = "RichTextBox1" 
        Me.RichTextBox1.ReadOnly = True 
        Me.RichTextBox1.Size = New System.Drawing.Size(696, 168) 
        Me.RichTextBox1.TabIndex = 1 
        Me.RichTextBox1.Text = "" 
        ' 
        'btnOpen 
        ' 
        Me.btnOpen.Enabled = False 
        Me.btnOpen.Location = New System.Drawing.Point(736, 40) 
        Me.btnOpen.Name = "btnOpen" 
        Me.btnOpen.Size = New System.Drawing.Size(128, 23) 
        Me.btnOpen.TabIndex = 4 
        Me.btnOpen.Text = "Open Input File" 
        ' 
        'lblTitle 
        ' 
        Me.lblTitle.BorderStyle = System.Windows.Forms.BorderStyle.Fixed3D 
        Me.lblTitle.Font = New System.Drawing.Font("Microsoft Sans Serif", 9.75!, 
System.Drawing.FontStyle.Bold, System.Drawing.GraphicsUnit.Point, CType(0, Byte)) 
        Me.lblTitle.Location = New System.Drawing.Point(24, 8) 
        Me.lblTitle.Name = "lblTitle" 
        Me.lblTitle.Size = New System.Drawing.Size(328, 24) 
        Me.lblTitle.TabIndex = 5 
        Me.lblTitle.Text = "Enter project ID" 
        ' 
        'btnProcess 
        ' 
        Me.btnProcess.Enabled = False 
        Me.btnProcess.Location = New System.Drawing.Point(736, 104) 
        Me.btnProcess.Name = "btnProcess" 
        Me.btnProcess.Size = New System.Drawing.Size(128, 24) 
        Me.btnProcess.TabIndex = 6 
        Me.btnProcess.Text = "Process Input File" 
        ' 
        'rtOut 
        ' 
        Me.rtOut.Location = New System.Drawing.Point(24, 272) 
        Me.rtOut.Name = "rtOut" 
        Me.rtOut.ReadOnly = True 
        Me.rtOut.Size = New System.Drawing.Size(696, 224) 
        Me.rtOut.TabIndex = 7 
        Me.rtOut.Text = "" 
        ' 
        'LblIn 
        ' 
        Me.LblIn.Location = New System.Drawing.Point(32, 48) 
        Me.LblIn.Name = "LblIn" 
        Me.LblIn.Size = New System.Drawing.Size(100, 16) 
        Me.LblIn.TabIndex = 8 
        Me.LblIn.Text = "Input file:" 
        ' 



 

 34

        'LblOut 
        ' 
        Me.LblOut.Location = New System.Drawing.Point(24, 248) 
        Me.LblOut.Name = "LblOut" 
        Me.LblOut.Size = New System.Drawing.Size(100, 16) 
        Me.LblOut.TabIndex = 9 
        Me.LblOut.Text = "Output file:" 
        ' 
        'txtSuffix 
        ' 
        Me.txtSuffix.Location = New System.Drawing.Point(656, 8) 
        Me.txtSuffix.MaxLength = 5 
        Me.txtSuffix.Name = "txtSuffix" 
        Me.txtSuffix.Size = New System.Drawing.Size(64, 20) 
        Me.txtSuffix.TabIndex = 10 
        Me.txtSuffix.Text = "" 
        ' 
        'Label1 
        ' 
        Me.Label1.Font = New System.Drawing.Font("Microsoft Sans Serif", 8.25!, 
System.Drawing.FontStyle.Bold, System.Drawing.GraphicsUnit.Point, CType(0, Byte)) 
        Me.Label1.Location = New System.Drawing.Point(576, 16) 
        Me.Label1.Name = "Label1" 
        Me.Label1.Size = New System.Drawing.Size(64, 20) 
        Me.Label1.TabIndex = 11 
        Me.Label1.Text = "Project ID:" 
        ' 
        'btnStart 
        ' 
        Me.btnStart.Enabled = False 
        Me.btnStart.Location = New System.Drawing.Point(736, 8) 
        Me.btnStart.Name = "btnStart" 
        Me.btnStart.Size = New System.Drawing.Size(128, 24) 
        Me.btnStart.TabIndex = 12 
        Me.btnStart.Text = "Verify Project ID" 
        ' 
        'btnCalc 
        ' 
        Me.btnCalc.Enabled = False 
        Me.btnCalc.Location = New System.Drawing.Point(736, 136) 
        Me.btnCalc.Name = "btnCalc" 
        Me.btnCalc.Size = New System.Drawing.Size(128, 24) 
        Me.btnCalc.TabIndex = 13 
        Me.btnCalc.Text = "Process Output Files" 
        ' 
        'btnRunModel 
        ' 
        Me.btnRunModel.Location = New System.Drawing.Point(736, 200) 
        Me.btnRunModel.Name = "btnRunModel" 
        Me.btnRunModel.Size = New System.Drawing.Size(128, 32) 
        Me.btnRunModel.TabIndex = 14 
        Me.btnRunModel.Text = "Input Model Parameters" 
        ' 
        'Form1 
        ' 
        Me.AutoScaleBaseSize = New System.Drawing.Size(5, 13) 
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        Me.ClientSize = New System.Drawing.Size(872, 510) 
        Me.Controls.Add(Me.btnRunModel) 
        Me.Controls.Add(Me.btnCalc) 
        Me.Controls.Add(Me.btnStart) 
        Me.Controls.Add(Me.Label1) 
        Me.Controls.Add(Me.txtSuffix) 
        Me.Controls.Add(Me.LblOut) 
        Me.Controls.Add(Me.LblIn) 
        Me.Controls.Add(Me.rtOut) 
        Me.Controls.Add(Me.btnProcess) 
        Me.Controls.Add(Me.lblTitle) 
        Me.Controls.Add(Me.btnOpen) 
        Me.Controls.Add(Me.RichTextBox1) 
        Me.Controls.Add(Me.btnAnalyze) 
        Me.Name = "Form1" 
        Me.Text = "LWD/Erosion Model" 
        Me.ResumeLayout(False) 
 
    End Sub 
 
#End Region 
 
    Private Sub btnAnalyze_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles 
btnAnalyze.Click 
 
        'some global variables declared in Vb module  
         
        Dim i As Integer 
        Dim intYear1, intYear2, intTimeStep As Integer 
 
 
        'assign variable values 
        strFileNameIn = Me.Text 
 
        FileOpen(1, strFileNameIn, OpenMode.Input, OpenAccess.Read, OpenShare.LockRead, ) 
        i = 0 
 
        Do While Not i >= 6 'EOF(1) 
            'read ech line from text file 
            strLineIn = LineInput(1) 
 
            'if first line, analyze header 
            'DeadStanding("Standing") and Dead fallen ("Cumulati") start at character 15, length 8 is enough 
            If i = 0 Then 
                strHead = strLineIn.Substring(15, 8) 
                Select Case strHead 
                    Case "Standing" 
                        strType = strStanding 
                    Case "Cumulati" 
                        strType = strFallen 
                    Case "        " 
                        strType = strLive 
                End Select 
                lblTitle.Text = strType 
                lblTitle.Refresh() 
            End If 
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            strArray = Split(strLineIn, ",") 
 
            i = i + 1 
            If i > 4 Then 
                Select Case i 
                    Case 5 
                        intYear1 = Val(strArray(0)) 
                        'strOut = Split(strLineIn, ",") 
                        'ListBox1.Items.Add() 
                    Case 6 
                        intYear2 = Val(strArray(0)) 
                        intTimeStep = intYear2 - intYear1 
                        If strType = strStanding Then 
                            nTsDS = intTimeStep 
                        ElseIf strType = strFallen Then 
                            nTsDF = intTimeStep 
                        Else 
                            nTsLT = intTimeStep 
                        End If 
                        lblTitle.Text = lblTitle.Text & ", the time step is " & CStr(intTimeStep) & " years." 
                End Select 
            End If 
        Loop 
        FileClose(1) 
        btnAnalyze.Enabled = False 
        btnProcess.Enabled = True 
    End Sub 
 
 
    Private Sub btnOpen_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles 
btnOpen.Click 
        Dim strStartDir As String 
        Dim strFilter As String 
        Dim strReturnFile As String 
 
        strStartDir = ".." 
        strFilter = "(*.XLS)|*.xls|txt files (*.txt)|*.txt" 
        'call open dialog function 
        strReturnFile = OpenFileDlg(RichTextBox1, strStartDir, strFilter) 
        Me.Text = strReturnFile 
        'Me.Refresh() 
        btnOpen.Enabled = False 
        btnAnalyze.Enabled = True 
        rtOut.Clear() 
        lblTitle.Text = "" 
    End Sub 
 
    Private Sub btnProcess_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles 
btnProcess.Click 
        Dim l, k As Integer 
 
        strLineOut = Nothing 
        strLineIn = Nothing 
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        'prepare output file name 
        strFileNameOut = strType & "_" & txtSuffix.Text & ".csv" 
        'open input file 
        FileOpen(1, strFileNameIn, OpenMode.Input, OpenAccess.Read, OpenShare.LockRead, ) 
        'open output file 
        FileOpen(2, strFileNameOut, OpenMode.Output, OpenAccess.Write, OpenShare.LockWrite, ) 
        'write header to file 
        If strType = "LT" Then 
            strLineOut = strNewHdrL 
            PrintLine(2, strLineOut) 
            strLineOut = Nothing 
        Else 
            strLineOut = strNewHdr 
            PrintLine(2, strLineOut) 
            strLineOut = Nothing 
        End If 
        'initialize line counter, we don't need the first 4 in the header - just the data 
        l = 0 
        Do While Not EOF(1) 
            'read line by line until EOF 
            strLineIn = LineInput(1) 
            'count the lines 
            l = l + 1 
            If l > 4 Then 'check if we're past the 4 header lines for data manipulation 
                'exit if blank line or underline, probably the end of file w/ some garbage 
                If Trim(strLineIn) = "" Or strLineIn.StartsWith("---") Then 
                    Exit Do 
                End If 
                'populate the string array 
                strArray = Split(strLineIn, ",") 
                'loop through array and replace blanks with 0 if not reading blank lines 
                If Not Trim(strLineIn) = "" Then 
                    For k = 0 To UBound(strArray) 
                        If Trim(strArray(k)) = "" Then 
                            strArray(k) = "0" 
                        End If 
                    Next 
                End If 
                'if live trees send-off for column reduction 
                If strType = "LT" Then 
                    strLineOut = ReduceLiveTrees(strArray) 
                    If strLineOut.EndsWith(",") Then 
                        strLineOut = strLineOut.TrimEnd(",") 
                        strLineOut = strLineOut.TrimEnd("0") 
                        strLineOut = strLineOut.TrimEnd(",") 
                    End If 
                    PrintLine(2, Trim(strLineOut)) 
                    strLineOut = Nothing 
                Else 'othervise just output 
                    For k = 0 To UBound(strArray) 
                        If k <> 2 Then 'zero based array, actually column 3 
                            strLineOut = strLineOut & Trim(strArray(k)) & "," 
                        End If 
                    Next 
 
                    If strLineOut.EndsWith(",") Then 
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                        strLineOut = strLineOut.TrimEnd(",") 
                        strLineOut = strLineOut.TrimEnd("0") 
                        strLineOut = strLineOut.TrimEnd(",") 
                    End If 
 
                    If Not strLineOut.StartsWith("---") Then 
                        PrintLine(2, Trim(strLineOut)) 
                        strLineOut = Nothing 
                    End If 
                End If 
            End If 
        Loop 
 
        'close input file 
        FileClose(1) 
        'clolse output file 
        FileClose(2) 
 
        'load file int output rich-text box 
        rtOut.LoadFile(strFileNameOut, RichTextBoxStreamType.PlainText) 
 
        'check to see if we have all the files prepared 
        Dim bAll3 As Boolean 
        If fFileExist() Then 
            If bStrS And bStrF And bStrL Then 
                bAll3 = True 
                lblTitle.Text = lblTitle.Text & " (" & CStr(nFileCounter) & " of 3)" 
            Else 
                bAll3 = False 
                lblTitle.Text = lblTitle.Text & " (" & CStr(nFileCounter) & " of 3)" 
            End If 
        End If 
        'button housekeeping 
        If bAll3 Then 
            btnProcess.Enabled = False 
            btnOpen.Enabled = False 
            btnCalc.Enabled = True 
        Else 
            btnProcess.Enabled = False 
            btnOpen.Enabled = True 
        End If 
 
    End Sub 
 
    
    Private Sub txtSuffix_TextChanged(ByVal sender As System.Object, ByVal e As System.EventArgs) 
Handles txtSuffix.TextChanged 
        btnStart.Enabled = True 
        strSuffix = txtSuffix.Text 
    End Sub 
 
    Private Sub btnStart_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles 
btnStart.Click 
         
        'prepare project filename variables 
        strS = strStanding & "_" & txtSuffix.Text & strExt 
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        strF = strFallen & "_" & txtSuffix.Text & strExt 
        strL = strLive & "_" & txtSuffix.Text & strExt 
 
 
 
        If fFileExist() Then 
            'do button housekeeping 
            txtSuffix.Clear() 
            MsgBox("Files with this ID already exist!", MsgBoxStyle.Information) 
            txtSuffix.Focus() 
        Else 
            'do button housekeeping 
            btnOpen.Enabled = True 
            txtSuffix.Enabled = False 
        End If 
        btnStart.Enabled = False 
    End Sub 
 
    Private Sub btnCalc_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles 
btnCalc.Click 
        Dim nHmax, nHcalc, nb2, nb3, nEx, nVolCalc, nVolCalcCell, nDBH, nCurrent As Double 
        nb2 = -0.0223 
        nb3 = 1.0177 
        Dim strFileLine, strHeightLine As String 
        Dim strHeadArray() As String 
        Dim str300Array() As String 
        Dim nDBHarray As Double() = {0, 0, 0, 0, 0, 0, 0, 0, 0, 0} 
        'nDBHarray = Nothing 
        Dim nLinecounter, k, nStep As Integer 
        strLineOut = Nothing 
 
        'Debug.WriteLine(strS & strF & strL & strType) 
 
        '##### start Tree heigh calculations ##### 
 
        'read Live trees,  300 and get max height 
        FileOpen(1, strL, OpenMode.Input, OpenAccess.Read, OpenShare.LockRead, ) 
        nLinecounter = 1 
        Do While Not EOF(1) 
            strFileLine = LineInput(1) 
            If nLinecounter = 1 Then 
                'get header row for DBH class 
                strHeadArray = Split(strFileLine, ",") 
            End If 
            If nLinecounter = 31 Then 
                'get last row 
                str300Array = Split(strFileLine, ",") 
            End If 
            nLinecounter = nLinecounter + 1 
        Loop 
        FileClose(1) 
 
        'get hmax from the last line 
        nHmax = str300Array(1) 
 
        'apply formula to each DBH value from the header  
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        For k = 2 To UBound(strHeadArray) 
            strLineOut = strLineOut & Trim(strHeadArray(k)) & "," 
            nDBH = Val(strHeadArray(k)) 
            nEx = Math.Exp(nb2 * nDBH) 
            nHcalc = nHmax * (1 - nEx) ^ nb3 
            strHeightLine = strHeightLine & CStr(nHcalc) & "," 
        Next 
 
        'open output file 
        strFileNameOut = "TreeHeight_" & strSuffix & strExt 
        FileOpen(2, strFileNameOut, OpenMode.Output, OpenAccess.Write, OpenShare.LockWrite, ) 
        'this is a header line now 
        PrintLine(2, strLineOut.TrimEnd(",")) 
        PrintLine(2, strHeightLine.TrimEnd(",")) 
        'close output(file) 
        FileClose(2) 
        '##### end Tree heigh calculations ##### 
 
        '###### prepare Hdbh values for volume calculation ##### 
        str300Array = Nothing 
        strFileNameIn = "TreeHeight_" & strSuffix & strExt 
        FileOpen(7, strFileNameIn, OpenMode.Input, OpenAccess.Read, OpenShare.LockRead, ) 
        nLinecounter = 0 
        Do While Not EOF(7) 
            strFileLine = LineInput(7) 
            nLinecounter = nLinecounter + 1 
            If nLinecounter > 1 Then ' only for non header row 
                str300Array = Split(strFileLine, ",") 
                For k = 0 To UBound(str300Array) 
                    nDBHarray.SetValue(Val(str300Array(k)), k) 
                Next 
            End If 
        Loop 
        FileClose(7) 
        '##### finish hdbh prep ##### 
 
        '####### start volume calculations for live trees ###### 
        'reset the array variables 
        strHeadArray = Nothing 
        strArray = Nothing 
        'open input file 
        FileOpen(1, strL, OpenMode.Input, OpenAccess.Read, OpenShare.LockRead, ) 
        'open volume output file 
        strFileNameOut = strLTvol & strSuffix & strExt 
        FileOpen(2, strFileNameOut, OpenMode.Output, OpenAccess.Write, OpenShare.LockWrite, ) 
        'open cell volume output file 
        strFileNameOutCell = strLTvolCell & strSuffix & strExt 
        FileOpen(3, strFileNameOutCell, OpenMode.Output, OpenAccess.Write, OpenShare.LockWrite, ) 
 
        nLinecounter = 0 
        Do While Not EOF(1) 
            strFileLine = LineInput(1) 
            nLinecounter = nLinecounter + 1 
            If nLinecounter = 1 Then 
                'write header line 
                strHeadArray = Split(strFileLine, ",") 



 

 41

                strLineOut = strNewHdrL 
                strLineoutCell = strNewHdrL 
            Else 
                'get non-header row 
                strArray = Split(strFileLine, ",") 
                For k = 0 To UBound(strArray) 
                    If k = 0 Then 
                        strLineOut = strArray(k) & "," 
                        strLineoutCell = strArray(k) & "," 
                    ElseIf k = 1 Then 
                        strLineOut = strLineOut & "," 
                        strLineoutCell = strLineoutCell & "," 
                    Else 
                        nDBH = Val(strHeadArray(k)) 
                        nCurrent = Val(strArray(k)) 
                        nVolCalc = Math.PI / 3 * ((nDBH / 100) / 2) ^ 2 * nDBHarray(k - 2) * nCurrent 
                        strLineOut = strLineOut & CStr(nVolCalc) & "," 
                        'cell 
                        nVolCalcCell = nVolCalc / 100 
                        strLineoutCell = strLineoutCell & CStr(nVolCalcCell) & "," 
                    End If 
                Next 
 
            End If 
            PrintLine(2, strLineOut.TrimEnd(",")) 
            PrintLine(3, strLineoutCell.TrimEnd(",")) 
            'when reached year 300 (row 31), need to fill the same row up to year 500 
            If nLinecounter = 31 Then 
                For nStep = 310 To 500 Step 10 
                    strLineOut = CStr(nStep) & ".0" & strLineOut.Substring(5, strLineOut.Length - 5) 
                    PrintLine(2, strLineOut.TrimEnd(",")) 
                    strLineoutCell = CStr(nStep) & ".0" & strLineoutCell.Substring(5, strLineoutCell.Length - 5) 
                    PrintLine(3, strLineoutCell.TrimEnd(",")) 
                Next 
            End If 
            'blank the output line 
            strLineOut = Nothing 
            strLineoutCell = Nothing 
        Loop 
        FileClose(1) 
        FileClose(2) 
        FileClose(3) 
        '####### end volume calculations for live trees ###### 
 
        '####### start volume calculations for DEAD trees ###### 
        'reset the array variables 
        strHeadArray = Nothing 
        strArray = Nothing 
        'open input file 
        FileOpen(1, strS, OpenMode.Input, OpenAccess.Read, OpenShare.LockRead, ) 
        'open output file 
        strFileNameOut = strDSvol & strSuffix & strExt 
        FileOpen(2, strFileNameOut, OpenMode.Output, OpenAccess.Write, OpenShare.LockWrite, ) 
        'open cell output file 
        strFileNameOutCell = strDSvolCell & strSuffix & strExt 
        FileOpen(3, strFileNameOutCell, OpenMode.Output, OpenAccess.Write, OpenShare.LockWrite, ) 
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        nLinecounter = 0 
        Do While Not EOF(1) 
            strFileLine = LineInput(1) 
            nLinecounter = nLinecounter + 1 
            If nLinecounter = 1 Then 
                'write header line 
                strHeadArray = Split(strFileLine, ",") 
                strLineOut = strNewHdr 
                strLineoutCell = strNewHdr 
            Else 
                'get non-header row 
                strArray = Split(strFileLine, ",") 
                For k = 0 To UBound(strArray) 
                    If k = 0 Then 
                        strLineOut = strArray(k) & "," 
                        strLineoutCell = strArray(k) & "," 
                    ElseIf k = 1 Then 
                        strLineOut = strLineOut & "," 
                        strLineoutCell = strLineoutCell & "," 
                    Else 
                        nDBH = Val(strHeadArray(k)) 
                        nCurrent = Val(strArray(k)) 
                        nVolCalc = Math.PI / 3 * ((nDBH / 100) / 2) ^ 2 * nDBHarray(k - 2) * nCurrent 
                        strLineOut = strLineOut & CStr(nVolCalc) & "," 
                        nVolCalcCell = nVolCalc / 100 
                        strLineoutCell = strLineoutCell & CStr(nVolCalcCell) & "," 
                    End If 
                Next 
 
            End If 
            PrintLine(2, strLineOut.TrimEnd(",")) 
            PrintLine(3, strLineoutCell.TrimEnd(",")) 
            'when reached year 300 (row 31), need to fill the same row up to year 500 
            If nLinecounter = 31 Then 
                For nStep = 310 To 500 Step 10 
                    strLineOut = CStr(nStep) & ".0" & strLineOut.Substring(5, strLineOut.Length - 5) 
                    PrintLine(2, strLineOut.TrimEnd(",")) 
                    strLineoutCell = CStr(nStep) & ".0" & strLineoutCell.Substring(5, strLineoutCell.Length - 5) 
                    PrintLine(3, strLineoutCell.TrimEnd(",")) 
                Next 
            End If 
            'reset the line output 
            strLineOut = Nothing 
            strLineoutCell = Nothing 
        Loop 
        FileClose(1) 
        FileClose(2) 
        FileClose(3) 
        '####### end volume calculations for DEAD trees ###### 
 
        '####### start cell volume calculations for DEAD Fallen trees ###### 
        'reset the array variables 
        strHeadArray = Nothing 
        strArray = Nothing 
        'open input file 
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        FileOpen(1, strF, OpenMode.Input, OpenAccess.Read, OpenShare.LockRead, ) 
        'open cell output file 
        strFileNameOutCell = strDFVolCell & strSuffix & strExt 
        FileOpen(2, strFileNameOutCell, OpenMode.Output, OpenAccess.Write, OpenShare.LockWrite, ) 
 
        nLinecounter = 0 
        Do While Not EOF(1) 
            strFileLine = LineInput(1) 
            nLinecounter = nLinecounter + 1 
            If nLinecounter = 1 Then 
                'write header line 
                strHeadArray = Split(strFileLine, ",") 
                strLineoutCell = strNewHdr 
            Else 
                'get non-header row 
                strArray = Split(strFileLine, ",") 
                For k = 0 To UBound(strArray) 
                    If k = 0 Then 
                        strLineoutCell = strArray(k) & "," 
                    ElseIf k = 1 Then 
                        strLineoutCell = strLineoutCell & "," 
                    Else 
                        nDBH = Val(strHeadArray(k)) 
                        nCurrent = Val(strArray(k)) 
                        nVolCalcCell = nCurrent / 100 
                        strLineoutCell = strLineoutCell & CStr(nVolCalcCell) & "," 
                    End If 
                Next 
 
            End If 
            PrintLine(2, strLineoutCell.TrimEnd(",")) 
            'when reached year 300 (row 31), need to fill the same row up to year 500 
            If nLinecounter = 31 Then 
                For nStep = 310 To 500 Step 10 
                    strLineoutCell = CStr(nStep) & ".0" & strLineoutCell.Substring(5, strLineoutCell.Length - 5) 
                    PrintLine(2, strLineoutCell.TrimEnd(",")) 
                Next 
            End If 
            'reset the line output 
            strLineOut = Nothing 
            strLineoutCell = Nothing 
        Loop 
 
        FileClose(1) 
        FileClose(2) 
        '####### end cell volume calculations for DEAD Fallen trees ###### 
 
        lblTitle.Text = "Calculations done!" 
        'lblTitle.BackColor =  
 
    End Sub 
 
    Private Sub Button1_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles 
btnRunModel.Click 
        'for test only - make sure to remove next line 
        'nTsLT = 10 
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        Dim bTSequal As Boolean = True 
 
        If nTsDS = nTsDF Then 
            If nTsDF = nTsLT Then 
                Me.Hide() 
                Dim frmModel As New frmModel 
                'frmModel.Activate() 
                '!!!!!!!!!! make sure to switch back to the next line after testing 
                frmModel.txtTS.Text = "10" 
                'frmModel.txtTS.Text = CStr(nTsLT) 
                frmModel.Show() 
            Else 'error - timesteps not equal 
                bTSequal = False 
            End If 
        Else 
            bTSequal = False 
        End If 
        If Not bTSequal Then 
            MsgBox("Input file time-steps are not equal!", MsgBoxStyle.Exclamation, ) 
        End If 
 
    End Sub 
End Class 
 
 
 
 
 
 
Public Class frmModel 
    Inherits System.Windows.Forms.Form 
 
#Region " Windows Form Designer generated code " 
 
    Public Sub New() 
        MyBase.New() 
 
        'This call is required by the Windows Form Designer. 
        InitializeComponent() 
 
        'Add any initialization after the InitializeComponent() call 
        '#just for testing - make sure to disable all these 
        'txtTS.Text = is being over-ridden from caller 
        txtErosionRate.Text = "0.5" 
        txtForestAge.Text = "0" 
        txtBufferWidth.Text = "20" 
        txtInitLWD.Text = "0" 
        'end of test variables 
    End Sub 
 
    'Form overrides dispose to clean up the component list. 
    Protected Overloads Overrides Sub Dispose(ByVal disposing As Boolean) 
        If disposing Then 
            If Not (components Is Nothing) Then 
                components.Dispose() 
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            End If 
        End If 
        MyBase.Dispose(disposing) 
    End Sub 
 
    'Required by the Windows Form Designer 
    Private components As System.ComponentModel.IContainer 
 
    'NOTE: The following procedure is required by the Windows Form Designer 
    'It can be modified using the Windows Form Designer.   
    'Do not modify it using the code editor. 
    Friend WithEvents Label1 As System.Windows.Forms.Label 
    Friend WithEvents txtTS As System.Windows.Forms.TextBox 
    Friend WithEvents Label2 As System.Windows.Forms.Label 
    Friend WithEvents Label3 As System.Windows.Forms.Label 
    Friend WithEvents Label4 As System.Windows.Forms.Label 
    Friend WithEvents Label5 As System.Windows.Forms.Label 
    Friend WithEvents txtErosionRate As System.Windows.Forms.TextBox 
    Friend WithEvents txtBufferWidth As System.Windows.Forms.TextBox 
    Friend WithEvents txtForestAge As System.Windows.Forms.TextBox 
    Friend WithEvents txtInitLWD As System.Windows.Forms.TextBox 
    Friend WithEvents btnRunModel As System.Windows.Forms.Button 
    Friend WithEvents rtxtMsg As System.Windows.Forms.RichTextBox 
    Friend WithEvents txtTargetYears As System.Windows.Forms.TextBox 
    Friend WithEvents Label6 As System.Windows.Forms.Label 
    Friend WithEvents btnExit As System.Windows.Forms.Button 
    Friend WithEvents CrystalReport1 As AxCrystal.AxCrystalReport 
    Friend WithEvents Button1 As System.Windows.Forms.Button 
    <System.Diagnostics.DebuggerStepThrough()> Private Sub InitializeComponent() 
        Dim resources As System.Resources.ResourceManager = New 
System.Resources.ResourceManager(GetType(frmModel)) 
        Me.txtTS = New System.Windows.Forms.TextBox 
        Me.Label1 = New System.Windows.Forms.Label 
        Me.Label2 = New System.Windows.Forms.Label 
        Me.Label3 = New System.Windows.Forms.Label 
        Me.Label4 = New System.Windows.Forms.Label 
        Me.Label5 = New System.Windows.Forms.Label 
        Me.txtErosionRate = New System.Windows.Forms.TextBox 
        Me.txtBufferWidth = New System.Windows.Forms.TextBox 
        Me.txtForestAge = New System.Windows.Forms.TextBox 
        Me.txtInitLWD = New System.Windows.Forms.TextBox 
        Me.btnRunModel = New System.Windows.Forms.Button 
        Me.rtxtMsg = New System.Windows.Forms.RichTextBox 
        Me.txtTargetYears = New System.Windows.Forms.TextBox 
        Me.Label6 = New System.Windows.Forms.Label 
        Me.btnExit = New System.Windows.Forms.Button 
        Me.CrystalReport1 = New AxCrystal.AxCrystalReport 
        Me.Button1 = New System.Windows.Forms.Button 
        CType(Me.CrystalReport1, System.ComponentModel.ISupportInitialize).BeginInit() 
        Me.SuspendLayout() 
        ' 
        'txtTS 
        ' 
        Me.txtTS.Location = New System.Drawing.Point(144, 16) 
        Me.txtTS.Name = "txtTS" 
        Me.txtTS.ReadOnly = True 
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        Me.txtTS.Size = New System.Drawing.Size(80, 20) 
        Me.txtTS.TabIndex = 0 
        Me.txtTS.Text = "" 
        ' 
        'Label1 
        ' 
        Me.Label1.Location = New System.Drawing.Point(48, 16) 
        Me.Label1.Name = "Label1" 
        Me.Label1.Size = New System.Drawing.Size(80, 20) 
        Me.Label1.TabIndex = 1 
        Me.Label1.Text = "Time Step [yr]:" 
        Me.Label1.TextAlign = System.Drawing.ContentAlignment.MiddleRight 
        ' 
        'Label2 
        ' 
        Me.Label2.Location = New System.Drawing.Point(24, 48) 
        Me.Label2.Name = "Label2" 
        Me.Label2.Size = New System.Drawing.Size(104, 20) 
        Me.Label2.TabIndex = 2 
        Me.Label2.Text = "Erosion Rate [m/yr]:" 
        Me.Label2.TextAlign = System.Drawing.ContentAlignment.MiddleRight 
        ' 
        'Label3 
        ' 
        Me.Label3.Location = New System.Drawing.Point(24, 112) 
        Me.Label3.Name = "Label3" 
        Me.Label3.Size = New System.Drawing.Size(104, 20) 
        Me.Label3.TabIndex = 3 
        Me.Label3.Text = "Forest Age [yr]:" 
        Me.Label3.TextAlign = System.Drawing.ContentAlignment.MiddleRight 
        ' 
        'Label4 
        ' 
        Me.Label4.Location = New System.Drawing.Point(24, 80) 
        Me.Label4.Name = "Label4" 
        Me.Label4.Size = New System.Drawing.Size(104, 20) 
        Me.Label4.TabIndex = 4 
        Me.Label4.Text = "Buffer width [m]:" 
        Me.Label4.TextAlign = System.Drawing.ContentAlignment.MiddleRight 
        ' 
        'Label5 
        ' 
        Me.Label5.Location = New System.Drawing.Point(24, 144) 
        Me.Label5.Name = "Label5" 
        Me.Label5.Size = New System.Drawing.Size(104, 20) 
        Me.Label5.TabIndex = 5 
        Me.Label5.Text = "Intial LWD [m3/m]:" 
        Me.Label5.TextAlign = System.Drawing.ContentAlignment.MiddleRight 
        ' 
        'txtErosionRate 
        ' 
        Me.txtErosionRate.Location = New System.Drawing.Point(144, 48) 
        Me.txtErosionRate.Name = "txtErosionRate" 
        Me.txtErosionRate.Size = New System.Drawing.Size(80, 20) 
        Me.txtErosionRate.TabIndex = 6 
        Me.txtErosionRate.Text = "" 
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        ' 
        'txtBufferWidth 
        ' 
        Me.txtBufferWidth.Location = New System.Drawing.Point(144, 80) 
        Me.txtBufferWidth.Name = "txtBufferWidth" 
        Me.txtBufferWidth.Size = New System.Drawing.Size(80, 20) 
        Me.txtBufferWidth.TabIndex = 7 
        Me.txtBufferWidth.Text = "" 
        ' 
        'txtForestAge 
        ' 
        Me.txtForestAge.Location = New System.Drawing.Point(144, 112) 
        Me.txtForestAge.Name = "txtForestAge" 
        Me.txtForestAge.Size = New System.Drawing.Size(80, 20) 
        Me.txtForestAge.TabIndex = 8 
        Me.txtForestAge.Text = "" 
        ' 
        'txtInitLWD 
        ' 
        Me.txtInitLWD.Location = New System.Drawing.Point(144, 144) 
        Me.txtInitLWD.Name = "txtInitLWD" 
        Me.txtInitLWD.Size = New System.Drawing.Size(80, 20) 
        Me.txtInitLWD.TabIndex = 9 
        Me.txtInitLWD.Text = "" 
        ' 
        'btnRunModel 
        ' 
        Me.btnRunModel.Location = New System.Drawing.Point(600, 24) 
        Me.btnRunModel.Name = "btnRunModel" 
        Me.btnRunModel.Size = New System.Drawing.Size(104, 32) 
        Me.btnRunModel.TabIndex = 10 
        Me.btnRunModel.Text = "RunModel" 
        ' 
        'rtxtMsg 
        ' 
        Me.rtxtMsg.Font = New System.Drawing.Font("Microsoft Sans Serif", 8.0!, 
System.Drawing.FontStyle.Regular, System.Drawing.GraphicsUnit.Point, CType(0, Byte)) 
        Me.rtxtMsg.Location = New System.Drawing.Point(8, 208) 
        Me.rtxtMsg.Name = "rtxtMsg" 
        Me.rtxtMsg.ReadOnly = True 
        Me.rtxtMsg.Size = New System.Drawing.Size(720, 264) 
        Me.rtxtMsg.TabIndex = 11 
        Me.rtxtMsg.Text = "" 
        ' 
        'txtTargetYears 
        ' 
        Me.txtTargetYears.Location = New System.Drawing.Point(144, 176) 
        Me.txtTargetYears.Name = "txtTargetYears" 
        Me.txtTargetYears.Size = New System.Drawing.Size(80, 20) 
        Me.txtTargetYears.TabIndex = 12 
        Me.txtTargetYears.Text = "" 
        ' 
        'Label6 
        ' 
        Me.Label6.Location = New System.Drawing.Point(16, 176) 
        Me.Label6.Name = "Label6" 
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        Me.Label6.Size = New System.Drawing.Size(112, 20) 
        Me.Label6.TabIndex = 13 
        Me.Label6.Text = "Run model for years:" 
        Me.Label6.TextAlign = System.Drawing.ContentAlignment.MiddleRight 
        ' 
        'btnExit 
        ' 
        Me.btnExit.Location = New System.Drawing.Point(600, 72) 
        Me.btnExit.Name = "btnExit" 
        Me.btnExit.Size = New System.Drawing.Size(104, 32) 
        Me.btnExit.TabIndex = 14 
        Me.btnExit.Text = "End" 
        ' 
        'CrystalReport1 
        ' 
        Me.CrystalReport1.Enabled = True 
        Me.CrystalReport1.Location = New System.Drawing.Point(520, 144) 
        Me.CrystalReport1.Name = "CrystalReport1" 
        Me.CrystalReport1.OcxState = CType(resources.GetObject("CrystalReport1.OcxState"), 
System.Windows.Forms.AxHost.State) 
        Me.CrystalReport1.Size = New System.Drawing.Size(28, 28) 
        Me.CrystalReport1.TabIndex = 15 
        ' 
        'Button1 
        ' 
        Me.Button1.Location = New System.Drawing.Point(608, 144) 
        Me.Button1.Name = "Button1" 
        Me.Button1.Size = New System.Drawing.Size(96, 32) 
        Me.Button1.TabIndex = 16 
        Me.Button1.Text = "btnReport" 
        ' 
        'frmModel 
        ' 
        Me.AutoScaleBaseSize = New System.Drawing.Size(5, 13) 
        Me.ClientSize = New System.Drawing.Size(736, 478) 
        Me.Controls.Add(Me.Button1) 
        Me.Controls.Add(Me.CrystalReport1) 
        Me.Controls.Add(Me.btnExit) 
        Me.Controls.Add(Me.Label6) 
        Me.Controls.Add(Me.txtTargetYears) 
        Me.Controls.Add(Me.rtxtMsg) 
        Me.Controls.Add(Me.btnRunModel) 
        Me.Controls.Add(Me.txtInitLWD) 
        Me.Controls.Add(Me.txtForestAge) 
        Me.Controls.Add(Me.txtBufferWidth) 
        Me.Controls.Add(Me.txtErosionRate) 
        Me.Controls.Add(Me.Label5) 
        Me.Controls.Add(Me.Label4) 
        Me.Controls.Add(Me.Label3) 
        Me.Controls.Add(Me.Label2) 
        Me.Controls.Add(Me.Label1) 
        Me.Controls.Add(Me.txtTS) 
        Me.Name = "frmModel" 
        Me.Text = "Run Model" 
        CType(Me.CrystalReport1, System.ComponentModel.ISupportInitialize).EndInit() 
        Me.ResumeLayout(False) 



 

 49

 
    End Sub 
 
#End Region 
 
    Private Sub Label1_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles 
Label1.Click 
 
    End Sub 
 
    Private Sub btnRunModel_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) 
Handles btnRunModel.Click 
         
 
        Dim i, nIteration As Integer 
        Dim k As Double 
        Dim bBuffer As Boolean 
        Dim nCorrectionFactor1, nCorrectionFactor2 As Double 
        strLineOut = Nothing 
 
        'capture input variables - validation to come! 
        nErosionRate = Val(txtErosionRate.Text) 
        nForestAge = Val(txtForestAge.Text) 
        nTimeStep = Val(txtTS.Text) 
        nBufferWidth = Val(txtBufferWidth.Text) 
        nInitLWD = Val(txtInitLWD.Text) 
        nTargetYears = Val(txtTargetYears.Text) 
 
        If nForestAge Mod nTimeStep > 0 Then 
            MsgBox("Forest age not multiple of timestep, no data present for calculation!", 
MsgBoxStyle.Exclamation, ) 
            txtForestAge.Text = "" 
            txtForestAge.Focus() 
            Exit Sub 
        End If 
        'calculate various cell info 
        nCellsInBuffer = nBufferWidth / nCellLength 
        nCellArea = nCellWidth * nCellLength 
        nBufferArea = nCellArea * nCellsInBuffer 
 
 
        'prepare input file names 
        Dim strDFin As String = strDFVolCell & strSuffix & strExt 
        Dim strDSin As String = strDSvolCell & strSuffix & strExt 
        Dim strLTin As String = strLTvolCell & strSuffix & strExt 
 
        'prepare output file names 
        Dim strLWDout = strLWD & strSuffix & strExt 
 
 
        'open output file 
        FileOpen(5, strLWDout, OpenMode.Output, OpenAccess.Write, OpenShare.LockWrite, ) 
 
        'write header to text box & out file 
        rtxtMsg.AppendText(strLWDhdr & vbCr) 
        PrintLine(5, strLWDhdr) 
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        'calculate area of land lost for 1 timestep 
        nErosionArea = nErosionRate * nTimeStep * nCellWidth 
 
        'clear previous messages - if any 
        rtxtMsg.Clear() 
        'show messages 
        rtxtMsg.AppendText("Erosion area is: " & CStr(nErosionArea) & " m2 / time step" & vbCr) 
        rtxtMsg.AppendText("Number of cells in buffer: " & CStr(nCellsInBuffer) & vbCr) 
 
        nIteration = 0 
        '############## do iterations 
        For i = nTimeStep To nTargetYears Step nTimeStep 
            nIteration = nIteration + 1 
 
            'compare erosion area vs. cell area 
            If nErosionArea > nCellArea Then 
                'calculate cells in buffer left 
                nErodedBuffer = ((nErosionRate * nTimeStep) / nCellWidth) * nIteration 
                nRemainingBuffer = nCellsInBuffer - nErodedBuffer 
 
                If nRemainingBuffer >= 0 Then '300 year growth 
                    bBuffer = True 
                Else ' going into new forest 
                    bBuffer = False 
                End If 
 
                nCorrectionFactor1 = 1 
                nCorrectionFactor2 = (nErosionArea / (nCellWidth * nCellLength)) - 1 
 
            Else 
                'calculate cells in buffer left 
                nErodedBuffer = ((nErosionRate * nTimeStep) / nCellWidth) * nIteration 
                nRemainingBuffer = nCellsInBuffer - nErodedBuffer 
 
                If nRemainingBuffer >= 0 Then '300 year growth 
                    bBuffer = True 
                Else ' going into new forest 
                    bBuffer = False 
                End If 
 
                nCorrectionFactor1 = (nErosionArea / (nCellWidth * nCellLength)) 
                nCorrectionFactor2 = 0 
            End If 
 
            strLineOut = GetLWDvalues(strDFin, strFallen, nForestAge, i, nCorrectionFactor1, 
nCorrectionFactor2, bBuffer) 
            PrintLine(5, strLineOut.TrimEnd(",")) 
            rtxtMsg.AppendText(strLineOut & vbCr) 
 
            strLineOut = GetLWDvalues(strDSin, strStanding, nForestAge, i, nCorrectionFactor1, 
nCorrectionFactor2, bBuffer) 
            PrintLine(5, strLineOut.TrimEnd(",")) 
            rtxtMsg.AppendText(strLineOut & vbCr) 
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            strLineOut = GetLWDvalues(strLTin, strLive, nForestAge, i, nCorrectionFactor1, 
nCorrectionFactor2, bBuffer) 
            PrintLine(5, strLineOut.TrimEnd(",")) 
            rtxtMsg.AppendText(strLineOut & vbCr) 
 
        Next 
 
        FileClose(5) 
        'prepare report file for Crystal reports 
        System.IO.File.Delete(strPrnFile) 
        System.IO.File.Copy(strLWDout, strPrnFile) 
 
        'rtxtMsg.SaveFile(strLWDout) 
    End Sub 
 
    Private Sub btnExit_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles 
btnExit.Click 
        End 
    End Sub 
 
    Private Sub Button1_Click(ByVal sender As System.Object, ByVal e As System.EventArgs) Handles 
Button1.Click 
        'Dim strlwdout As String = "LWD_Output_ee.csv" 
        'System.IO.File.Delete(strPrnFile) 
        'System.IO.File.Copy(strLWDout, strPrnFile) 
 
        CrystalReport1.ReportTitle = "Large Woody Debris - model output" 
        CrystalReport1.ReportFileName = strReportFile 
        CrystalReport1.PrintReport() 
    End Sub 
End Class 
 
 

 


