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Cross Impact Analysis of Investments in the Development 

of Technologies in the Lumber Industry: 

Preliminary “Straw-Man" Model.

Introduction

The Canadian lumber industry is facing some major discontinuities in 

its environment in the next 25 years. These discontinuities generate great 

opportunities and major threats. The success of the industry will depend to 

a large extent on its ability to innovate by developing new products and 

adopting more efficient means of production. The opportunity to capture a 

higher market share in a growing market will be realized only if the 

Canadian lumber industry can maintain its competitive edge in a rapidly 

changing volatile market. The introduction of new products which permit 

differentiation and the higher value-added associated with it, and/or 

process innovation which will reduce relative costs of production and 

remove the bounds imposed by a limited timber supply arid falling wood 

quality, are necessary to maintain the competitive position of the industry. 

The objective of this technological forecasting modelling exercise is to 

identify some of the consequences of alternative technological innovation 

strategies for the long-term health of the industry.

The basic hypothesis underlying the exercise is the recognition that 

in a highly complex system with many interdependencies and feedback loops, 

it is the structure of relationships and direction of forces (or the system’s 

geometry) rather than the precise calculus of magnitudes (the system’s 

arithmetic) which matters for long-run predictions. Thus the model we have 

constructed studies industry competitiveness as a dynamic function of the
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relative change in advantage that the domestic (Canadian) industry 

experiences in its costs of production and abilities to differentiate its 

products (and thus shelter them partially from cheaper competitors). The 

relative change is affected by (1) the differential impact of technological 

change on domestic producers and on their foreign competitors and (2) the 

differences in the macro-economic environment in which they operate. The 

nature of competition, however, is influenced by global market factors 

which affect demand (e.g., introduction of new substitutes, prices of 

substitutes, development of new markets for lumber) as well as supply 

factors, in particular those associated with the regulation and limits of 

timber supply and utilization practices.

Figure 1 represents the underlying conceptual framework for the

model.

The model is framed as a dynamic balance equation of competitive 

advantage. Each competitor sector is characterized by its cost structure 

and strategic niche. The strategic niche reflects product mix (residential 

versus commercial) and differentiation. Each competitor sector is affected 

by its macro-economic environment, wood supply and the strategies adopted 

by its firms with respect to technological innovation (types of technologies 

developed and adopted and intensity of the process). The type and intensity 

of technological innovation determine the area and level of impacts on costs 

and on the strategic niche occupied by the industry. The balance of 

competitive advantage between the domestic lumber sector and its foreign 

competitors determines changes in its market share and profitability. Thus, 

for example, technologies that decrease costs affect primarily market 

shares, while technologies which increase differentiation primarily 

increase profit margins. Global demand for lumber is affected by the
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introduction and prices of competitive products, product innovation within 

the sector and demographic and socio-economic factors. Upwards shifts in 

demand increase profitability. The shift in demand may, however, affect 

differential marginal costs of various producers as resource and capacity 

constraints are approached. A shift in demand may thus affect market 

shares.

The classes of technological change we have considered in this 

modelling exercise consisted of:

(1) Information Technologies (INFOTECH)

This class includes technologies of scanning, identification, grading 

and optimal processing of lumber. This class of technologies is software 

oriented. The specific measure we have used to represent this class of 

technologies is the level of sawmill attainment of full information 

optimization relative to the total potential (INFTECmax = 1 represents

optimal control under conditions of full information).

(2) Processing Technology (PROCTECH)

This class of technologies represents innovations in the hardware of 

processing equipment. Examples include new drying technologies, robots, 

and modern sawing and transportation equipment. Included also are the 

technologies associated with new products such as finger-joint lumber,

LVL, and edge-glued lumber.

(3) Biological Technology (BIO-TECH).

This emerging technology may well affect timber quality and wood 

supply constraints (through ACE effects).

Each class of technologies is characterized by a different "birth" and 

"breakthrough" process. The process of technological innovation within each 

sector of competitors may depend on government intervention (e g..
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information services, the support for domestic R&D to identify and adapt 

the technology to local conditions, etc.) and the strategy of the industry 

with respect to adoption and development of new technologies. While there 

is diffusion of new technologies irrespective of national boundaries, the 

timing and impact of the adoption of the technology is affected by 

technology related strategies of firms in each country and the inducements 

offered by governments to stimulate R&D and technological innovation. 

Modelling method

When one considers the long-run future of a complex system, one 

invariably enters the realm of assumption-making. Even projections rooted 

m data (i.e., time series concerning past performance of the system) are 

based on the strong and perhaps unrealistic assumption that historical 

relationships between system descriptors remain stable over time. The 

method we chose to employ in this forecasting exercise recognizes the role 

of assumption-making and judgment in the analysis. It attempts to (1) make 

assumptions explicit and (2) offer an accessible means for testing the 

consequences of alternative assumptions. The emphasis in this method is on 

judgment Oi dynamic linkages between different system components. The 

steps in the application of the method involved:

(1) Identification of prime evaluation variables. These are the 

variables which represent the major indexes of system performance. In our 

model we have chosen two variables which reflect long term performance, 

market share and profit rate.

(2) Definition of the technology classes to be evaluated.

(c>) Identification of system variables that may affect evaluation 

vai iables, in particular those variables which may amplify or inhibit the
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impacts of technological change, or affect the path of technological change. 

(The conceptual model provided a guide to the selection of these variables).

(4) Assessment of the two-way linkages between every pair of 

system variables. These linkages were divided into two types of influences:

(a) the a  factors, which represent the impact of the level of a 

variable on the time path of another. For example, a constant funding level 

will lead to a particular path of growth in technology over time.

(b) the B factors, which represent the impact of the change in a 

variable on the path of another variable. For example, an increase in funding 

level may move technology immediately onto a higher path of growth. The 

impact associated with change is realized in the short run. The simplest 

specification of a  and B factors is by means of positive and negative 

numbers (numerical examples of the various growth rates and changes in 

one variable model are given in the appendix with details of the 

calculations). When the magnitude and direction of a  and B are a function of 

the affecting or affected variable, their values are entered as functions.

For example, if funds below a certain level for R&D are insufficient to 

generate any inventions over time, a function will represent such threshold 

condition by yielding zero growth as long as the funding level does not 

exceed the threshold.

(5) Initialization of values for each of the variables in the model.

All variables (Xi) in the model are represented by an index that 

obtains values OcXkl. 1. represents the upper band, i.e., a value which 

cannot be exceeded because of constraining impacts of variables that are 

not included explicitly in the model. This "bounding" recognizes the fact 

that there are limits to growth, and when a variable approaches such a
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limit, growth is inhibited either as a function of internal or external 

mechanisms which were not specified in the model.

The Model

There are three clusters of variables in the model:

(1) The industry

(2) The macro-economic environment

(3) The technology

The industry cluster consists of two parallel sub-clusters 

representing the domestic and foreign producing sectors. The interface 

between the sectors is in terms of the common market for lumber. The 

performance of the sectors is an implicit function of competitive advantage 

reflecting the combined impacts of relative costs and the opportunities 

created by industry actions to achieve differentiation.

The industry cluster is embedded in a macro-economic cluster. This 

cluster was not divided into domestic and foreign environments since the 

economies of the major producing countries are highly integrated and 

changes in one country are highly correlated to changes in the others.

However, to capture some differences in the timing and extent of the 

impact of changes in macro-economic variables on domestic and foreign 

producers, different a  and 13 factors were included in the model for the 

domestic and foreign industry sub-clusters.

Similarly, the technology cluster was modelled as a global cluster

with differential impacts in each industry sub cluster. The model consists 

of 36 variables.

Each geographical industry cluster is described by the following 

variables (designated with a prefix L for the domestic industry and F for the 

foreign producing sector):
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(1) Raw Material Supply (LRMSUPLY and FRMSUPLY for the domestic 

and foreign sectors respectively).

This variable represents the degree to which the wood supply is 

utilized as a proportion of the maximum sustainable allowable cut to permit 

a potential increase of AAC due to silviculture investments or improved 

protection. The upper bound reflected an allowable cut 20% above current 

AAC.

(2) Raw Material Quality (LRMQUATY, FRMQUATY).

This variable reflects a weighted index of wood characterics such as 

species mix, log sizes, etc.

(3) Lumber Supply (LLUMSUP), FLUMSUP).

This variable represents the proportion of lumber produced from the 

total round wood supply. The distinction of lumber supply is mainly the 

North American market, but residual supply may be shipped to other markets 

(e.g. Japan and Europe).

(4) Lumber Demand (LLUMBDEM, FLUMBDEM).

The annual consumption of lumber in Canada (LLUMBDEM) and the U.S. 

(FLUMBDEM) as a proportion of maximal annual consumption assuming 

maximum penetration rates in each market.

(5) Panel Industry Production Intensity (LPNLSUPL, FPNLSUPL).

This variable measures the intensity of panel production. The major

impact of this production in the postulated model is competition in terms of 

wood supply and a net substitution effect. The variable represent the 

proportion of wood used for panel production.

(6) Pulp and Paper Production Intensity (LPLPSHER, FPLPSHER).

This variable reflects the proportion of wood used by the pulp and

paper industry.
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(7) Product Innovation Index (LNEWPROD, FNEWPROD)

This variable is an index of innovation. It is a function of the 

proportion of sales attributed to products which are in a growth stage in 

their life cycle. Examples of such products 8re MSR and treated lumber.

(B) Cost (LAVECOST, FAVECOST).

This variable represents marginal cost as a proportion of maximum 

marginal cost which is sustainable.

(9) Capital Intensity (LCAPTINT, FCAPTINT).

This variable reflects the proportion of contribution of capital to the 

product value.

(10) Labour Productivity (LLABPRO, FLABPRO).

This is an index reflecting the degree of labour productivity compared 

to the maxima] possible within the scope of current best available 

technologies and maximal worker discipline. (The maximal level Xj = 1

reflects adoption of best available technology from the perspective of 

maximum total factor productivity and a labor force optimally employed 

without work stoppage or any other labor deployment constraints).

(11) Return to Log (LRTRNTLG), FRTRNTLG)

This variable reflects the degree to which the industry attains the 

maximum value added per log.

(12) Profitability (LPROFETB, FPROFETB).

This variable reflects rates of return on invested capital before 

interest after taxes.

(13) Total Global Demand for Lumber (TDTDEMAN)

This variable represents the global demand for lumber. It includes 

not only the North American market but other overseas markets. We have 

separated local demands in the domestic Canadian and the U.S. markets to
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permit eventual testing or possible protectionist or Industrial policies by 

either the U.S. or Canadian governments.

(14) Substitution (SUBSTITU)

This variable reflects the degree to which lumber is substituted by 

other materials. J. represents maximal possible substitution where lumber 

is used only as a marginal construction material.

(15) Commercial and Residential Lumber Use Mix (COMM/RES).

The ratio between commercial to residential use of lumber by volume.

(16) Market Share (MRKSHER).

The market share of the Canadian lumber industry in the North 

American market.

(17) R & D Expenditures (R&DEXPEN).

This variable reflects the intensity of government and industrial 

expenditures on RD in the lumber industry. (It is a linear function of the 

percentage of the total revenues in the industry which are spent on R&D.

(18) Aggregate GNP (ACCGNP).

An index of the combined GNP in the industrialized countries. I  
represents the maximal attainable level of GNP over the 25-year horizon 

without inflationary dislocations.

(19) Interest Rates (INTRSTRT).

This variable represents the average North American interest rate.

(20) Inflation Rate (INFLATIA).

This variable represents inflation rates in North America.

(21) Exchange Rates (EXCHRATE).

This variable marks the movement of the Canadian $ versus the 

American $ in the range 0.5 - 1.5 U.S. $ per Canadian $ into the 0-1 range.



The Initial values of the variables are given in Table 1. The table also 

provides the equivalent ranges of the indexes in terms of their underlying 

measurements.

10
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TABLE 1

INITIAL VALUES FOR THE SIMULATION
*  VARIABLE LOWER UPPER

NAME BOUND BOUND

1 LRMSUPLY 0. 200.
2 LRMQUATY 0. 1.
3 LLUMBSUP 0. 200.
4 LLUMBDEM 0. 200.
5 LPNLSUPL 0. 100.
6 LPLPSHER 0. 2.
7 LNEWPROD 0. 100.
8 LAVECOST 0. 250.
9 LCAPTINT 0. 1.
10 LLABRPRO 1. 5.
11 LRTRNTLG 0. 200.
12 LPROFETB -50. 50.
13 FRMSUPLY 0. 750.
14 FRMQUATY 0. 1.
15 FLUM6SUP 0. 200.
16 FLUM6DEM 0. 200.
17 FPNLSUPL 0. 100.
18 FPLPSHER 0. 2.
19 FNEWPROD 0. 100.
20 FAVECOST 0. 250.
21 FCAPTINT 0. 1.
22 FLABRPRG 1. 5.
23 FRTRNTLG 0. 200.
24 FPROFETB -50. 50.
25 INFOTECH 0.
26 PROCTECH 0.
27 BIO-TECH
28 TOTDEMAN 0. 200.
29 COMM/RES
30 SLIBSTITU 0.
31 MRKTSHER 0. 200.
32 R&DEXPEN
33 AGREAGNP 0. 10000.
34 INTRSTRT 0. 25.
35 INFLATIA 0. 25.
36 EXCHRATE 0.50 1.50

CURRENT
VALUE

SIMULAT.
VALUE

UNITS UNDERLYING 
FOR BOUNDING

160. 0.8 Mm3
0.7 0.7
50. 0.25 Mm3
14. 0.2 Mm3
26. 0.26 %
1.5 0.75 ton/ton
20. 0.2 %

106. 0.42 M$/Mm3
0.07 0.07 M$/M$

2. 0.25 pr.hr/m3
50. 0.25 M$/Mm3
4. 0.54 %

450. 0.6 Mm3
0.5 0.5
88. 0.44 Mm3

115. 0.57 Mm3
27. 0.27 %

1. 0.5 ton/ton
20. 0.2 %

117. 0.46 M$/Mm3
0.06 0.06 M$/M$
3.5 0.62 pr.hr/m3
55. 0.27 M$/Mm3

0 . 0.5 % %
(49) 0.25 * of Opti.

0.2
0.1

130. 0.65 Mm3
0.5
0.1

38. 0.19 Mm3
0.07 M$/M$

1500. 0.15 B$(U.S.)
6 . 0.32 %
5. 0.2 %

0.80 0.3 USD
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Interactions Between Variables

- Preliminary Hypotheses Embodied in the Formal Model

The precise estimates of the parameters and functions of 

interactions between variables in the model is given in Table 2. Top entries 

in each cell are the level interactions (d's). These reflect how a constant 

level of the impacting variable (column) affects the growth or decline over 

time of the impacted variable (raw variable). The bottom entries give the 

estimated derivative impacts (J3's). These reflect the instantaneous impact 

of a change of one variable upon another.

Generally the model assumes that as the demand pressure upon wood 

supply increases and harvests approach the theoretical maximal levels of 

sustained yield, the cost of wood will increase more rapidly, and the quality 

will decline. Significant changes in the quality of wood may shift the ratios 

of wood for lumber and wood used in the panel industry. Quality decline 

manifests itself in a shift from lumber to panels. Competition for wood 

supplies is likely to be intensified over time, in particular the competition 

originating from the pulp and paper industry. The demand for pulp and paper 

is sensitively tied to growth in the GNP. However, technological progress in 

that industry leads to a more efficient use of fiber.

The second most important cost component which determines the 

relative competitive positions of local and foreign industries is the cost of 

labour. The cost of labour depends on labour productivity and the relative 

inflationary pressures in the various regions of production. Labour 

productivity may increase through technological innovation. In particular, 

investment in information and processing technologies increases 

productivity. Labour productivity may also increase as a result of increases 

in capital and rationalization intensity. Sharp declines of demand for



13

lumber are followed by rationalization of the Industry and cost cutting. 

These are manifested through productivity. The model also accounts for 

learning curve improvements in productivity and scale economies.

Another important cost component is the cost of capital, reflected in 

the model through the impact of fluctuations in interest rates.

Demand for lumber in the model is driven by Gross National Product 

(which also reflects growth in population), interest rates fluctuation 

(affecting sensitively the residential sector) and the product mix, 

especially if it relates to commercial and residential use of lumber. Indeed, 

the shift to commercial use permits an expansion of markets. However, 

such expansion will be accompanied by higher sensitivity to product 

innovation, cost and the availability of substitutes. The penetration of 

substitutes to the commercial market is at the historical diffusion rates.

It can be slowed by product innovation. The negative impact of increased 

costs upon profits and market share is mitigated by product differentiation. 

Differentiation opportunities decline as the relative quality of wood supply 

to a producer declines. Increased spending on biological technology may 

improve, with a significant time lag, wood quality. Investment in 

processing technologies also may mitigate the impact of a decline in the 

quality of the wood. Market shares, as we h8ve pointed out, depend on cost 

competitiveness and differentiation of products. The relative cost in each 

producing sector is affected by instantaneous changes in the rates of 

exchange. (This in addition to the other factors which affect relative 

costs.) Interest rates and exchange rates are negatively related - i.e., 

decline in exchange rate is typically followed by an increase in interest 

rates and vice versa.
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Additional relationships are described in the notes to Table 2 (the Fi S 

designations refer to functional entries in the cells of the matrix).

The following six pages, which make up Table 2, represent the cross

impact matrix which is here shown in six sections:

2.1 2.3 2.5

2.2 2.4 2.6

Diagram of Table 2
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TABLE 2.4
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Notes to Table 2

Note: STEP is defined as follows:

STEP(x) = 0 for x<0.

1 for x>0.
£gmment: the functions in the foreign industry sub-matrix are similar to

those in the local industry sub-matrix.

F 1 beta= STEP(x( 1 )-0.75)*2.*EXP(x( 1 ))*(-1.)
If raw material supply is over 758 of the full capacity, the raw 
material quality declines rapidly.

F2 beta= 10*(x(1))4
As raw materials approach full capacity, the rate of change of the 
costs increase.

F3 beta= 3.*x(2)
Return to log will change in rate proportional to the level of the raw 
material quality.

F4 beta= -9*(DERIV(x(3))-DERIV(x(1)))
Given a limited wood supply if the rate of growth of lumber supply 
exceeds the growth of raw material supply, the production of panels 
will decline.

F 5 beta= 6*(DERIV(x(4))-DERIV(x(1)))
Higher demand for lumber when wood supply is near capacity 
will increase profitability significantly.

F6 beta= 6*(DERI V(x( 1 ))-DERI V(x(4)))
The change in the ratio of local consumption to production means 
change in the export or the market share. (This is an accounting 
equation to ensure that production equals the total shipments )

F7 beta= -9*(DERIV(x(3))-DERIV(x(1)))
When wood supply is near capacity, increase in panel supply means 
decrease in lumber supply.

F8 beta= -0.2*x(6)
Increases in the pulp and paper industry may divert capital generated 
in the lumber industry, thus reducing investment in the industry.
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F9

F10

F i l  

F 12 

F 13

F 14

F29

F30

beta= STEP(x(7)-0.5*(-1.)
A certain level of penetration of new lumber products inhibits 
increase in the penetration of substitute materials affecting the 
lumber market.

beta= STEP(x(7)-0.2)*1.
The introduction of new lumber products above a certain threshold 
will increase the market share of the producing sector which 
generates the innovations. If both sectors innovate at the same rate, 
the balance will be maintained.

beta= -1.*x(8)
Changes in market share are negatively related to costs. 

beta= 2.*x(9)
Capital intensity is positively related to labour productivity. 

beta= 2.*x(12)
Increases in profitability lead to increases in investment levels in 
the industry.

beta= STEP(x( 12)-0.5)*x( 12)
Profits above a certain threshold lead to investment not only in 
capacity but in technology development.

beta= STEP(x(36)-0.6)*(-1000.))-0.8
Changes in exchange rate negatively affect local profitability. There 
is a threshold exchange rate which may affect profitability 
critically.

beta= STEP(x(36)-0.6)*(-1000.))
There is a threshold exchange rate which may inhibit exports 
critically. This was set at approximately 1.1 US$ to CAN$.
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Some Scenarios to Illustrate the Model

The basic scenario represents a run of the model as described by 

Tables 1 and 2. Figures 2-a to 2-f provide the results of this run. The 

model suggests that decline in the quality of wood and the impacts of 

limitations of economic wood supply led to a decline in market share of the 

domestic industry. Costs of lumber increased steadily over the 25-year 

horizon. The costs of production in Canada increased faster than those for 

the competition. We have assumed a slow decline in the exchange rates of 

the Canadian dollar. Indeed toward the end horizon market share recovered, 

in part, due to superior Innovation efforts by Canada.

The second scenario tested the effects of new lower cost producers 

entering the market in the tenth year (e g., imports of lumber from Chile). 

The impact on the domestic producers was severe —  resulting in a higher 

market share decline than the basic model and in the elimination of any 

traces of recovery over the 25-ye8r horizon (this despite a sharper decline 

in the exchange rate of the Canadian dollar). The results of this run are 

depicted in Figures 3-a to 3-b.

The third scenario describes the impact of innovation in the panel 

product causing a shift in foreign markets from lumber to panel boards. The 

impact of the innovation was significant for 10 years. A new steady state 

for the lumber industry is achieved in the end of the product life cycle of 

the innovation. Figures 4-a and 4-b provide the results of this run.

Please note that there are many flaws in the current model as it was 

produced as an illustration only. The meetings of the panel will help 

reconstruct and reshape the model. Your input would not require any 

knowledge of simulation languages, mathematics, etc. Judgements you will



be requested to moke will be qualitative, pointing out critical areas the 

model failed to address and gross errors in relationship hypothesized.
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Figure 2-a

Figure 2-b
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Figure 2-c

Figure 2-d
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Figure 2-e

Figure 2-f
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Figure 3-a

Figure 3-b
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Figure 4-a

Figure 4-b


