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Introduction 

The significance of the wood products industry in the 
economic growth of California can be traced to the discovery 
of gold at the state's first interior water-powered sawmill in 
the mid-1800's. This triggered an expansion of the timber 
and lumber industry in order to meet the construction and 
energy needs of the mines and mining communities and to 
build and rebuild the city of San Francisco. Thus, during the 
latter half of the nineteenth century, wood products were 
produced to meet local needs. Expansion to a national 
market awaited the decline of the Great Lakes states' timber 
supply, the construction of a transcontinental railroad, and 
the opening of the Panama Canal.I Growing demand for 
western wood products, combined with increased ac
cessibility, and the arrival of steam power, precipitated the 
construction of large-scale sawmills. Even though some of 
these original mills are still in operation, the industrial pat
tern of the California wood products industry has continued 
to evolve, because of changes in supply, demand, and the 
introduction of inventions and innovations. 

*Dr. Cullen is Assistant Professor of Geography at the University of New 
Mexico, Albuquerque. 
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This study concentrates on the locational arrangement of 
wood products plants2 in northwestern California. The 
study area consists of several regions of California: the 
north coast, Sacramento area, and northern interior. With a 
few exceptions,3 this regional breakdown corresponds with 
the physical subdivisions identified by the U. S. Forest 
Service. 4 Each region was further divided into the 
subregions depicted in Figure 1.5 Using this geographical 
area as a case study, the objectives of the research are: (1) 
to determine what changes in plant size and spatial distribu
tion occurred in the wood products industry between 1966 
and 1976 and (2) to project these changes into the future. 

Markov chains were used to extrapolate the trends that 
seemed evident between 1966 and 1976. As the spatial ar
rangement of an industry evolves, plants concentrate in 
those areas and size categories with the greatest com
parative advantage for the production of the goods in ques
tion. 6 In theory, when the average number of plants enter
ing a size category or region in a given time period equals 
the average number leaving it, a state of equilibrium exists. 
Implicit in this equilibrium model, however, are assump
tions that are not true in the real world. Locational inertia 
prevents instantaneous adjustment to marginal changes in 
costs and return. 7 Inertia is often regarded as evidence of 
some imperfection in the economic system, a delay in mak
ing desirable responses to a new equilibrium position. 8 Fur
ther, the factors of production are not as mobile as is 
assumed in location theory,9 and the assumptions of perfect 
competition, perfect knowledge, and economic rationality 
are untenable. 

Industrial movement may also take the form of dis
equilibrating movements. Thus, in a dualistic system, such 
as that described by Myrdal,10 disequilibrium is not met by 
balancing forces, but by a set of cumulative changes which 
reinforce regional and structural differentials.11 This differs 
from the equilibrium model, in which movement of capital 
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Figure 1. Study Area-California's north coast, Sacramento area, and 
northern interior. 
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and labor in response to disparities leads directly to 
equalization. In the cumulative model, the areas of prof
itability continue to hold their advantage, at least over the 
short-run. Over the long-run, the cumulative decisions of 
the entrepreneurs might approximate a stable state, but the 
data are not available to predict realistically what the com
position and distribution would be if the trends apparent 
between 1966 and 1976 continued unchecked. 

Data 

Before the changes in plant size and distribution could be 
described, it was necessary to compile a comprehensive list 
of plant and firm names. Several sources were used in 
gathering information: telephone directories, street direc
tories, directories of forest products industries, state and 
local industrial directories, local chamber's of commerce 
professional directories, and personal observation. The 
eventual list contained the names of 512 plants which were 
operating in 1966, 1976, or in both years. Those plants that 
opened after 1966 but closed before 1976 were not identified, 
because data were not collected for the intervening years. 

Many of the sources given above also were used to deter
mine structural and spatial changes12 in the wood products 
industry. Where secondary sources fell short, and this was 
the rule rather than the exception, the needed data were ob
tained through telephone conversations and personal inter
views. Complete information on plant size was obtained for 
398 plants. Complete information on the location of plants 
was obtained on 466 plants. The discrepancy between the 
spatial and structural informational totals exists because 
data sources often were not available for plants that closed. 
Also, several firms refused to release the needed informa
tion. Even so, in comparison with previous studies in which 
Markov chains were used, sufficient data were obtained for 
using the technique. Mansfield's13 conclusions were based 
on several 6 x 6 and 7 x 7 tally matrices all of which 
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represented fewer than 60 firms; Preston and Bell14 used 6 x 
6 matrices with fewer than 35 firms; and Archer and 
McGuire's15 7 x 7 matrices contained data on 334 firms. 

Methodology 

Industrial location and relocation are partially stochastic 
processes,16 and of the models available, Markov chains 
seem to be the most suitable for describing and predicting 
industrial location patterns. If an examination of the ar
rangement of any industrial establishments were to be made 
in 1976, it seems reasonable to assume that the pattern is a 
function of the state in 1975, plus a change component 
which may be defined as a set of probabilities.17 

The locational arrangements of an industry, such as the 
wood products industry, are not dependent upon all 
previous states, as would be assumed in a classical, deter
ministic model. But there is some dependency. So a purely 
random model, in which 

the state of the system at any instant or point in time or space 
is wholly independent of its state at any other instant or point 
and is completely specified by the underlying fixed prob
abilities,18 

is also inappropriate. Markov chain models occupy an in
termediate position between the classical deterministic and 
purely random models, referred to as a position of partial 
dependency .19 This position of partial dependency approx
imates the processes involved in the differential growth of 
an industry. 20 

To describe and project change·s in the wood products in
dustry, two Markov chains were calculated. In the first 
chain, each state denotes a subregion; and in the second 
chain, each state represents a size interval. 

Wood Products Firms- Spatial Mobility 

The question being asked in this section is: To what ex
tent is the future spatial arrangement of an industry affected 
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by its present distribution? In order to answer this question, 
it is necessary to construct a tally matrix, which represents 
the location transition of all wood products plants in the 
study area for which data are available (Table 1). 

The most striking aspect of the tally matrix is the number 
of plants in state X, the state in which row elements indicate 
the number of new plants established, and column elements 
show the number of existing plants that went out of 
business. 21 Also included as arrivals are plants that existed 
outside the study area, but relocated their facilities, 
established a branch plant, or acquired an existing plant in 
the study area. Departures included plants that relocated 
facilities, or, where it was possible to detect, established 
branch plants outside the study area. In addition, acquired 
plants were classed as departures. 

If departures and arrivals are ignored for the moment, 
nearly 80 percent of the plants maintained their established 
location. This is to be expected, for once capital is committed 
to the physical plant, it is practically immobile, and thus 
tends to perpetuate the existing industrial location pattern. 22 

The elements off the diagonal indicate the number of 
plants witnessing a change in state. Even though relocation 
of fixed capital equipment has occurred, much of the 
charted mobility resulted from the relocation of financial 
capital. Examples include the establishment of branch plants 
or the acquisition of existing plants in another subregion. As 
the tally matrix (Table 1) clearly reveals, major outflows of 
capital occurred from the Humboldt-Del Norte subregion 
and to a lesser extent the Mendocino-Sonoma subregion, 
while the Shasta subregion was a major recipient of the 
capital flow. 

Distributional changes, therefore, resulted both from the 
relocation of capital, and a differential arrival-departure 
rate. For example, forty-three new plants were established, 
relocated, or acquired in the Sacramento-Westside 
subregion, while only two existing plants closed and seven 
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Table 1 

Tally Matrix for Wood Products Plants 

Northwestern California: 1966-1976 

l 2 3 4 5 6 

l 45 0 l l l l 

2 l 50 6 3 4 3 

3 0 4 38 l 2 0 

4 l 0 l 30 3 0 

5 1 l 0 0 20 0 

6 l l 0 0 4 18 

7 0 0 l 0 l 0 

X 39 10 8 12 13 3 

7 X 

3 2 

l 25 

0 17 

2 8 

0 14 

0 14 

32 15 

9 999 

relocated or acquired facilities out of the subregion, a net 
gain of thirty-four plants. At the other extreme, the 
Humboldt-Del Norte subregion . suffered a net loss of 
twenty-seven plants. However, the concern is not with the 
actual distribution of plants, but with the arrangement of 
the industry. That is, what proportion of all plants are in 
each subregion? 

An analysis of the transition matrix (Table 2) can follow 
two routes: (1) consider at each stage the total population 
and predict the fraction of the population which will be in 
each subregion; and (2) study a single plant, the history of 
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Table 2 

Spatial Probability Matrix for Wood Products Plants 

Northwestern California: 1966-1976 

TO: 
i: Subregion 1 2 3 4 5 6 7 X 
0 ex: u.. 

Sacramento- 1 .833 .000 .018 .018 .018 .018 .055 .037 
Westside 

Humboldt- 2 .011 .538 .065 .032 .043 .032 .011 .269 
Del Norte 

Mendocino- 3 .000 .065 .513 .016 .032 .000 .000 .275 
Sonoma 

Eastside 4 .022 .000 .022 .667 .068 .000 .044 .178 

Shasta 5 .028 .028 .000 .000 .556 .000 .000 .389 

Northern 6 .026 .026 .000 .000 .105 .474 .000 .368 

Sierra 7 .000 .000 .020 .000 .020 .000 .653 .306 

Births- X .037 .009 .007 . 011 .012 .003 .008 .914 
Deaths 

which is the outcome of a Markov chain with a transition 
probability matrix such as the one shown in Table 2. Since 
this section focuses on industrial movement as a form of 
resource allocation, emphasis is placed on the locational ar
rangement of the entire industry. 

The 1976 distribution of plants is displayed in Table 3. The 
largest concentration of plants is found in the Sacramento
Westside and Humboldt-Del Norte subregions, while the 
Northern subregion has a paucity of plants. When 
equilibrium is reached,23 the fixed-probability vector (Table 
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3) shows the population clustering in the Sacramento
Westside subregion, with a slight expansion of the Sierra 
subregion's population. Conversely, the industry is con
tracting on the north coast and to a lesser extent in the 
Northern, Eastside, and Shasta subregions. 

To get an indication of the relative stability or fluidity of 
plant locations, it is useful to examine the matrix of mean 
first passage times (Table 4). Elements in this matrix repre-

Table 3 

Vector of the Present Spatial Distribution of Plants 

I 
0 I 

.... I QJ 0 c: c: QJ ........ c: QJ 
QJ"'O "'0 s.. ·� "'0 s.. 
E ·� � 0 u "'  "' QJ "' 
"' Vl oz o E Vl .... ..c: s.. 
....... .t::J -co .... Vl .... s.. 
u Vl E � c: c: Vl "' s.. QJ 
"' QJ "' QJ QJO "' ..c: 0 

V'l3 :0::0 ::E:V'l L.U V') z V') 

Actual Number 
of Firms 88 66 55 47 48 25 47 

Fraction a 1 
Representation .234 . 175 .146 0125 .128 .066 . 125 

Fix ed Probability Vector 

I 
0 I 
.... I QJ 0 c: QJ ........ c: QJ c: 
QJ"'O "'OS.. ·� "'0 s.. 
E ·� � 0 u "'  ·� "' QJ "' 
"' Vl oz o E Vl .... ..c: s.. 
....... .t::J -co .... Vl .... s.. 
u Vl E� c: c: Vl "' s.. QJ 
"'QJ :::l QJ QJ 0 "' ..c: 0 

V'l3 :0::0 ::E:V'l L.U V') z V') 

Fractional 
Representation .471 .060 .084 .102 .114 .030 .138 
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State 1 

State 2 

State 3 

State 4 

State 5 

State 6 

State 7 

State 8 

State 1 

Table4 

Spatial Matrix of Mean First Passage Times 

Northwestern California 

State 1 State 2 State 3 State 4 State 5 State 6 State 7 

6.36 112.99 86.90 82.60 54.37 171.75 45.67 

32.70 50.14 81.17 81.16 52.41 174.24 60.18 

33.60 93.08 35.92 83.38 54.06 185.80 62.09 

32.22 110.53 88.50 29.43 48.46 187.55 54.10 

31 .02 104.65 93.31 86.66 26.32 185.57 60.93 

31.12 104.74 93.41 A6. 76 47.48 97.72 61 .03 

33.64 110.65 89.61 87.69 56.79 187.79 21.73 

30.55 108.95 92.07 84.77 57.49 184.80 59.51 

= Sacramento-Westside State 4 = Eastside State 7 = Sierra 

State 8 

8. 73 

3.80 

3.67 

4.87 

3. 03 

3.13 

3. 28 

1. 50 

State 2 = Humboldt-Del Norte State 5 = Shasta State 8 = Births-Deaths 

State 3 = Mendocino-Sonoma State 6 = Northern 

sent the mean number of time periods (in this case ten-year 
intervals) needed to move from one given state to another 
for the first time. For example, the mean time to go from the 
Sacramento-Westside subregion to the Humboldt-Del Norte 
subregion is nearly 113 decades, while it would take thirty
two decades to go from the Humbolt-Del Norte subregion to 
the Sacramento-Westside subregion. 

Since the variances (Table 5) are large, and the standard 
deviations would be of the same general (or greater) 
magnitude as the means, the means cannot be considered to 
be typical values. Yet a comparison of the relative size is of 
interest. Plant closures can occur quickly, while generally 
the inter-subregional movement of capital and births take 
considerably longer. Therefore, as has been stated pre
viously, once capital is committed to the physical plant it is 
almost immobile. Further, as would be expected, it takes 
less time for an average plant to reach an expanding 
subregion (that is, Sacramento-Westside, Sierra), than to 
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Table 5 

Spatial Matrix of the Variance of First Passage Times 

N orth�estern California 

State 1 State 2 State 3 State 4 State 5 State 6 State 7 

State 1 .298E+3 .118E+5 .810E+4 .704E+4 .308E+4 .330E+5 .296E+4 

State 2 .926E+3 .826E+4 .804E+4 .704E+4 .308E+4 .331E+5 .321E+4 

State 3 .926E+3 .115E+5 .509E+4 .705�+4 .310E+4 . 331E+5 .321E+4 

State 4 . 928E+3· .118E+5 .815E+4 .397E+4 .301E+4 .332E+5 .318E+4 

State 5 .920E+3 .118E+5 .816E+4 .706E+4 .219E+4 .332E+5 .320E+4 

State 6 . 921 E+3 .118E+5 .816E+4 .706E+4 .301E+4 .259E+5 .320E+4 

State 7 .926E+3 .118E+5 .816E+4 .706E+4 .312E+4 .332E+5 . 192E+4 

State 8 .919E+3 .118E+5 .816E+4 .706E+4 .312E+4 .332E+4 .320E+4 

State 1 = Sacramento-Westside State 4 = Eastside State 7 = Sierra 

State 2 = Humboldt-Del Norte State 5 = Shasta State 8 = Births-Deaths 

State 3 = Mendocino-Sonoma State 6 = Northern 

State 8 

.409E+2 

.128E+2 

.109E+2 

.185E+2 

.112E+2 

.115E+2 

.794E+l 

.529E+l 



reach a subregion whose share of the total plant population 
is declining (Humboldt-Del Norte, Northern, Mendocino
Sonoma). However, contiguity does not seem to influence 
the mean first passage times, perhaps because the study 
area is relatively small. These matrices only show spatial 
trends. However, changes in the size of plants which 
together constitute the industry must also be described and 
projected. 

Wood Products Firms- Structural Mobility 

A similar approach was used in analyzing changes in the 
size structure of wood products plants. All plants, for which 
data were obtained, were partitioned into size intervals. 
Size was based on the maximum number of people a plant 
employed in 1966 and 1976, and following the lead of 
Adelman, 24 interval limits were selected so significant 
changes could be portrayed. 

As the tally matrix shows (Table 6), more than 50 percent 
of the plants in the smallest size category employed approx
imately the same number of people in 1966 and 1976. These 
mainly were family operations. But plants with six to 100 
employees experienced significant proportional changes. 

This is even more dramatically displayed by the fractions 
along the main diagonal of the transition matrix (Table 7). 
Less than a third of the plants in any of these five size 
categories in'1966 still employed the same number of people 
in 1976. In most cases the plants either increased employ
ment or went out of business. 

In accordance with Collins'25 hypothesized "lazy J" 
average cost curve, high-unit costs would favor the decline 
of small plants. This is reflected in column 0; seventy-nine 
plants with six to 100 employees closed between 1966 and 
1976. However, as Collins also hypothesized: "Because of 
the incentive of realized cost savings through increased size, 
they (smaller plants) have a greater probability of a higher 
proportionate change."26 As row 2 shows, several of the 
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Table 6 

Structural Tally Matrix for Wood Products Plants 

Northwestern California: 1966-1976 

TO: 
:£ No .  of 
�employees X 2 3 4 5 6 7 8 
u. 

0 X 999 38 12 8 10 5 3 8 

1-5 7 23 6 2 4 2 0 0 0 

6-10 2 11 2 7 3 5 0 0 0 

11-20 3 7 0 3 11 7 5 0 0 0 

21-40 4 20 0 3 16 10 5 0 

41-70 5 24 2 3 12 11 5 4 

71-100 6 10 0 0 0 5 6 9 0 

101-200 7 2 0 0 0 2 3 21 7 

201-1500 9 0 0 0 0 u 

smallest plants managed an eight-fold increase in employ
ment, while, though not clearly shown in the matrix, most 
of the largest plants maintained approximately the same 
employment level. 

The actual proportional distribution of plants is given in 
Table 8. A comparison with the fixed probability vector 
reveals that the number of plants in the smallest and largest 
size intervals increased. The former resulted from an influx 
of new plants, while the latter reflects the overall concentra
tion of employment in fewer but larger plants; the percent
age of plants with over 200 employees nearly doubles. 

The matrix of mean first passage times (Table 9) indicates 
that it will take a relatively long time for employment to con
centrate in the largest size category (Column 8), even 
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Table 7 

Structural Probability Matrix for Wood Products Plants 

Northwestern California: 1966-1976 

TO: 

No . of ::0:: 
employees X 2 3 4 5 6 7 8 0 c:r; u.. 

0 X .922 .035 . 011 .007 .009 .005 .003 .007 .001 

l-5 .159 .523 . 136 .045 .091 .045 .000 .000 .000 

6-10 2 .379 .069 .241 .103 .172 .000 .034 .000 .000 

ll-20 3 . 212 .000 .091 .333 .212 . 152 .000 .000 .000 

21-40 4 .357 .018 .000 .054 .286 .179 . 179 .089 .000 

4 1-70 5 .381 .016 .032 .016 .048 .190 . 175 .079 .063 

71-100 6 .323 .000 .000 .000 .032 .161 .194 .290 .000 

101-200 7 .056 .000 .028 .000 .000 .056 .083 .583 .194 

201-1500 8 .000 .048 .000 .000 .048 .048 .000 .048 .809 

though the average time needed for the smallest plants to 
reach the largest size category is only slightly longer than for 
plants ten to twenty times their size. 

In contrast, closures can afflict plants of all sizes quickly 
(Column 0).27 Even so, with the exceptions mentioned 
above, there are no real patterns discernible in the matrix. 
Generally, it takes plants just about as long to move up one 
size category as it does to move down one size category. 

Summary 

The structural and spatial equilibrium states represent ex
trapolations of the trends which seemed evident between 
1966 and 1976. If the industry followed the same evolu-
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Actual Number 
of Firms 

Fractional 
Representation 

Fractional 
Representation 

Table 8 

Vector of the Present Structural 
Distribution of Plants 

0 0 0 0 0 0 "' � N "'" ..... I I I I I I � <0 � 
;:::; 

� 
;:::: � "'" 

66 31 28 47 42 25 

.208 .098 .088 .148 .132 .079 

Fix ed Probability Vector 

0 0 0 0 0 0 "' N "'" ..... 
'";" I I I I I � <0 � 

;:::; :; ;:::: � 

.221 .093 .069 . 124 .097 .052 

0 0 0 c "' N 
'";" I 

Ci Ci � N 

49 29 

.155 .091 

0 0 0 0 L(') N 
'";" I 

Ci Ci N 

.148 .197 

tionary path, then major outflows of capital would afflict the 
Humboldt-Del Norte and to a lesser extent the Mendocino
Sonoma subregions. The Shasta subregion would be a ma
jor recipient of this capital flow. The plant population of the 
north coast would be further depleted by plant closures or 
acquisitions, involving mainly plants employing fewer than 
100 people. Further, an influx of new, mainly very small 
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0\ Table9 0 

Structural Matrix of Mean First Passage Times 

Northwestern California 

State 1 State 2 State 3 State 4 State 5 State 6 State 7 State 8 State 9 

State 1 1 .41 30 .162 49.06 76 .25 39 .99 49 .50 95 .98 70 .81 110 .35 

State 2 4 .89 15 .62 36 .74 67 .25 29 .81 41 .08 90 .84 67.53 106 .70 

State 3 3 .67 29.52 37 .01 65 .54 29 .35 43 .99 88.82 66.95 106.67 

State 4 4 .54 32 .52 43 .98 49 .99 26 .51 34 .35 87 .54 64 .64 103.32 

State 5 4 .46 31 .75 49 .74 72 .19 27 .68 34.89 84 .99 58.56 98 .72 

State 6 4 .94 31 .67 48 .58 76 .22 36.44 34 .97 71.92 56 .53 91 .30 

State 7 5 .91 32.73 50 .38 78 .57 37.67 34 .74 66 .70 43 .21 86 .95 

State 8 9 .74 32 .84 59.47 79 .73 36 .52 34 .18 70 .26 23 .43 53 .79 

State 9 11 .26 29 .31 51 .38 79 .09 30 .94 32 .79 84 .75 50.91 17 .69 

State 1 = 0 employees State 2 = 11 to 20 employees State 7 = 71 to 100 employees 

State 2 = 1 to 5 employees State 3 = 21 to 50 employees State 8 = 101 to 200 employees 

State 3 = 6 to 10 employees State 4 = 51 to 70 employees State 9 = 201 to 1500 employees 



Table 10 

Structural Matrix of the Variance of First Passage Times 

Northwestern California 

State 1 State 2 State 3 State 4 State 5 State 6 State 7 State 8 State 9 

State 1 .491E+l .891E+3 .229E+4 .564E+4 .142E+4 .214E+4 .855E+4 .470E+4 .l l 3E+5 

State 2 .271E+2 .661E+3 .212E+4 .553E+4 .131E+4 .207E+4 .851E+4 .467E+4 .112E+5 

State 3 .234E+2 .892E+3 .215E+4 .552E+4 .132E+4 .210E+4 .851E+4 .467E+4 .112E+5 

State 4 .302E+2 .895E+3 .227E+4 .496E+4 .125E+4 .194E+4 .847E+4 .464E+4 .l l 2E+5 

State 5 .366E+2 .896E+3 . 229E+4 .563E+4 .128E+4 .195E+4 .843E+4 .455E+4 .l l l E+5 

State 6 .446E+2 .895E+3 .230E+4 .565E+4 .139E+4 .194E+4 .804E+4 .449E+4 .l 09E+5 

State 7 .545E+2 .895E+3 .230E+$ .565E+4 .139E+4 . 191 E +4 .776E+4 .398E+4 .107E+5 

State 8 .718E+2 .896E+3 .231E+4 .566E+4 .134E+4 .181 E+4 .784E+4 .252E+4· .822E+4 

State 9 .720E+2 .887E+3 .231E+4 .566E+4 . l 26E+4 . 174E+4 .830E+4 .416E+4 .324E+4 

State 1 = 0 employees State 4 = 11 to 20 employees State 7 = 71 to 100 employees 

State 2 = 1 to 5 employees State 5 = 21 to 40 employees State 8 = 101 to 200 employees 
0\ 

State 3 = 6 to 10 employees State 6 = 41 to 70 employees State 9 = 201 to 1500 employees .... 



plants (ten employees or fewer), would expand the popula
tion of the Sacramento-Westside subregion. 

The overall structural trend was for employment to con
centrate in fewer but larger plants. In general, plants would 
step up the size hierarchy, but the mean time needed for 
small plants to reach the largest category was only slightly 
longer than for plants of intermediate size. Most new plants 
originally would locate in the smallest category, while 
closures generally afflicted plants employing fewer than 100 
individuals. 

Therefore, the industry in the study area would contract 
and become more oligopolistic. Its importance to the local 
economy �ould decline, even though numerous com
munities in the study area would continue to be econom
ically dependent upon the wood products industry. 
Although no solution to the problem will be offered, 
research such as this can help industry, state, and local plan
ners define the problem. This information also should be of 
value to those charged with planning the economic future of 
the area, determining· timber sales, establishing en
vironmental policy, and evaluating a plant's prospects for 
success. 
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