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Abstract. A new model that can be used to plan forest road networks has been de­
veloped. It differs from parallel network systems, which have often been used in 
other models. The new model can be used for either flat or broken ground. It makes 
use of modern techniques from operations research (e.g. Travelling Salesman algo­
rithm) and computer science (e.g. data-base management systems). 
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Introduction. All other models that can be used to plan forest road networks are 
based on a parallel network. All roads are parallel and equidistant. The distance 
apart is defined analytically by minimizing total costs (comprising loading costs, 
road costs, transport costs and costs before hauling; App. A; Larsson, 1959). If the 
terrain is broken, then the calculated road network will be shifted (as a whole) until 
the result is satisfactory (Bryer, 1983). Such an approach is never optimum. It is 
better to include terrain in the model. It is also preferable to include non-quantita­
tive factors in the model. So a model has been developed that can calculate net­
works also in situations that cannot be adequately handled by older models. 

Material and methods 

1 Model for flat terrain and non-parallel road networks 
This model is as follows. The model, contrary to other models, considers the whole 
area. The area is divided into compartments of variable size. The trees or logs are 
concentrated in the centre of every compartment by skidder or horse. So, piles of 
wood arise in these centres. We assume that a network has to be built that enables 
us to pick up all the piles of wood. With a heuristic Travelling-Salesman solver 
(Beek & Hendriks, 1983), we can calculate a network with a shape that minimizes 
the total costs. By varying the size of the compartments, an optimum solution can 
be found. This is all achieved by an iterative process (App. A). 

2 Model for broken terrain and non-parallel road networks 
In flat terrain, a road connects two piles of wood in a straight line. But in broken ter­
rain, this is not necessarily the cheapest way. For example, one might encounter im­
practical slopes. To avoid that, the model works as follows. A topographic screen 
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where the angular points contains altitudes, will be projected onto the compart­
ments screen. The centre of every compartment (where the pile of wood is situated) 
will be shifted to the nearest angular point of the topographic screen (mostly a shift 
by a maximum of 5 m; the difference in height is minimal). We then know the alti­
tude where the pile of wood is situated. The search starts for the shortest route from 
pile to pile over the angular points. The search for the shortest route is executed 
with a shortest-path method (Dijkstra algorithm; Koppe, 1981). It is also possible 
to include an already existing road (for instance the nearest metalled road). The net­
work can be calculated with the Travelling-Salesman solver using the shortest 
routes (App. A). 

Software (written in FORTRAN 77) was developed for this model. It makes use 
of a data-base management system (1022-system; Software House, 1983) and plot­
ter-application software. The data base serves as a replacement for virtual memory 
(the program has a lot of variables). Also one can use the data sets outside the pro­
gram either to look at the results or to create a new input for further runs. The pro­
gram has been developed on a DEC-10 computer (operating system TOPS-IO V7-
01; software Galaxy V4.1). 

Conclusions. One can solve for different terrains, for instance already existing 
roads, rivers, protected areas and soil conditions (e.g. swamps). As yet, only alti­
tude has been used in this model, shown as a one-dimensional vector superimposed 
on the angular points of the topographic screen. Other land conditions would make 
this vector multidimensional. As element, one could take binary variables (e.g. an 
already existing road meeting an angular point of the topographic screen is assigned 
the binary value 1; otherwise, 0). The model can only be used for rectangular 
areas. More complex situations of the terrain can be built into the multidimensional 
vectors. By adjusting costs, one can now choose suboptimal solutions including 
non-quantitative factors such as recreation. 

In situations in which transport costs play an important role, the model leads to 
cheaper results than can be obtained with other models (Larsson, 1959). The pro­
gram is still slow and makes heavy demands on virtual and background memory. 

Appendix A. 

1 In the Larsson model, the roads are equidistant. 

a = ± (y/p-t(r)),/2 

With: 
y, annual road costs 
p, average production 
t(r), hauling costs, variable 
a, road distance, half 
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2 Model for flat terrain and non-parallel road networks 

TOTCST = VASTSK + VARSKSL + 

+ {(B-5)(0-H) + RCC + RCMJ-WL + L + WTK-GEAFW 

With: 

WL =2A/M+2B/N+2(A2/M2 + B2/N2)^+ 2 A/2M+ 2 B/2N 

GEAFW = A/M + 2 B/ N +  2 (A2/M2 + B2 / N 2H + A/2M 

(N-M) + A/M + 2 B/N+ 2 (A2/M2 + B2/N2)1/2 + B/2N /W 

(B-5) (0-H) means forest production loss due to road construction; when the 
road is smaller than 5 m, there is no production loss. 

SL: see Model 3 

3 Model for broken terrain and non-parallel road networks 

TOTCST = VASTSK + VARSKSL + {(B-5)(0-H) + RCC + RCM}WL + 

+ L + WTK-GEAFW 

With: 
SL = {2(B2/N2+A2/M2)'^ + A/M + B/N}/(2-(4+2/N+2/M)) 

T l ( r )  T 2 ( r )  

WL = 2 X(x(t),y(t)) + 2 X(x(t),y(t)) 
t = 0  t = 0  

X(x(t),y(t)) = {G2}* 

G = |i(t)|-MC2 + |j(t)]-NC2+Max(|iMi[)-{H(x(t+l),y(t + l))-H(x(t),y(t))} 

GEAFW = WL(u)+WL(v) 

/  v 2  f  N  M  f  T l ( r )  T 2 ( r )  ^  " l  \  |  

WL(v) = I 2 2 2 X(x(t),y(t)) + 2 X(x(t),y(t)) (N-M-W) 
\  v = v l  I .  r = l  I  t = 0  t = 0  J  J  1  

(  u 2  (  N - M  ( - T l ( r )  T 2 ( r )  ) \ \ l  

WL(u) = I 2 2 2 X(x(t),y(t)) + 2 X(x(t),y(t)) /(N-M-W) 
V  u  =  u l  I  r = l  I  t = 0  t = 0  J J J 

i(t) = x(t+l)-x(t) 

j(t) = y(t+l)-y(t) 
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Model 2 and Model 3, variables 

TOTCST, total costs (f-m-3) 
VASTSK, hauling costs, fixed (f-irr3) 
VARSK, hauling costs, variable (f-m^-irr1) 
SL, hauling distance (m) 
B, width of road (m) 
o, logging costs (f-m-3) 
H, growing costs (f-irr3 growth) 
WL, total length of road (m) 
L, loading costs (f-m-3) 
WTK, transport costs (f-m^-m-1) 
GEAFW, transport distance for whole area (average) (m) 
RCC, road construction costs (f-nr1) 
RCM, road costs (upkeep) (f-nr1) 
A B ,  size of whole area (m2) 
M-N, number of hauling compartments (1) 
MC-NC, size of topographic compartment (m2) 
x(t),y(t), coordinates belonging to angular point t 

(topographic screen) (1) 
H, altitude (m) 
Tl(r), total of angular points passing by when 

going to pile number r (in the network) (1) 
T2(r), total of angular points passing by when 

going to pile number r (to the network) (1) 
v2, number of forst entrances (East and West side) (1) 
u2, number of forest entrances (North and South side) (1) 
a, total number roads connecting piles 

(East-West direction) (1) 
ß, total number roads connecting piles 

(North-South direction) (1) 
Y, total number roads connecting piles (diagonal) (1) 
w, total of forest entrances (1) 
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Abstract. An optimalized method of micropropagation of Douglas fir is described. 
Seasonal changes were found in optima for nitrate and sucrose in the medium and in 
the optimum for the light intensity during the culture of shoot initials. Differences in 
morphogenesis were obtained from shoot initials that had been isolated from buds 
in 10 topophysical positions on 2-year-old trees. These differences between the 
shoots were influenced by the medium, the light intensity, and by forcing or topping 
the mother trees or treating them with growth regulators. Shoots from each of the 
topophysical positions had a characteristic photosynthesis. 

Key words: topophysis, season, photosynthesis, micropropagation 

Introduction. In trees showing a basic growth programme, architecture can be used 
to pin-point physiological gradients. The effect of these gradients is commonly re­
ferred to as topophysis. Both architecture and topophysis are thus closely related to 
basic principles such as physiological ageing (Romberger, 1976); it is therefore ob­
vious that these properties of the tree will often determine the success of vegetative 
propagation. Thus the growth and differentiation of a tree species have to be stud­
ied before methods of vegetative propagation can be developed (Durzan, 1982). 
Using the technique of micropropagation offered the opportunity of studying mor­
phogenesis of parts of the tree and the consequences of tree physiology in a con­
trolled environment (Campbell & Durzan, 1976). In the in vitro system, the mor­
phogenesis of tree meristem products can be studied and thus the consequences of 
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