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PREFACE

The first part of this paper deals with the relationship between cross-
country transport and road net density while the second part is devoted to
determinations of total length of roads. Although the parts are independent
of each other, they belong to the same subject matter, and it has been
considered feasible to publish them together under a common title.

In a concentrated form the paper reports on the content of a licentiate
thesis for degree in forest work techniques presented in the spring of 1962
and later published in a slightly revised version as report no. 23 from the
Department of Operational Efficiency at the Royal College of Forestry.

Stockholm, April, 1964,

Gustaf von Segebaden

1*—412713



INTRODUCTION

“King Anund ordered roads to be built throughout Svithiod, through
forests, over bogs and mountains, and he was named Anund the Road
Builder” Snorre Sturlasson (1179—1241) wrote in the Norwegian ‘“Tales
of the Kings” (26).

The extension of a rational road net currently being the most profitable
measure of rationalization in forestry, road building is an urgent undertaking
in our times as well.

Since forestry is carried out over large areas, the product, timber, must
be terminally collected into bulk quantities for rational manufacturing.
Moreover, labour and appliances must be distributed from centres of popula-
tion to the individual places of operation in the forests. The extraction of
timber is one of the most expensive links in the chain of transport operations,
be it manual, by horse, or by machines. It is therefore advantageous by road
construction to shorten the distances of extraction and to forward the timber
expediently to transport ways with great capacity and, hence, low direct
costs of transport. To labour road construction also means shorter cross-
country walking distances from the road to the place of operation. Amongst
other utility aspects of an extended road net that may be mentioned here
are cheaper transport of appliances for silvicultural work, fire control and,
in some cases, facilitated use of machines.

To solve the problem of transport economy by computing the optimum
net density and standard of the forest roads Sundberg (28), Larsson (17),
and Larsson & Rydstern (18) have recently designed various models. The
main principle has been to establish a function for the total of those costs
within the area influenced by the road which are affected by the construction
of the road. The optimum design of the road net is obtained when the total
cost per volume unit of timber is at a minimum. The factors most significant
at calculations of this kind are generally the direct costs of transporting
timber and carrying labour cross-country and on the road, the cost of road
construction and the volume of timber to be felled and, hence, the suitable
time of road extension with respect to age and condition of the forests
(20, 23 and 1).

Optimum calculations of this kind and other computations concerning the
extension of the forest road net must comprise a relationship between the
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degree of road extension (road net density) and the distance of carrying the
timber and labour cross-country (cross-country transport distance).

Moreover, the original status of the road net extension in the area con-
cerned must be known. Knowledge of the distance to road not only for the
forest land but also for the quantities of timber, if possible distributed be-
tween felling classes, species, sizes, etc., is of great value at a priority rating
of various projects of road construction and at other computations of
management economy.

The following presentation reports on some methods of collecting data
for a determination of the relationship between the cross-country transport
distance and the road net density, and for a determination of length of roads.
The methods, which are primarily intended for summary calculations for
large areas, might be used for inventory purposes and for the analysis of a
certain status of extension as well as prognoses and evaluations of continued
extension.



A. Cross-country transport distance
and road net density

1. General review of the relationship between cross-country
transport distance and road net density

No mathematically accurate relationship that is generally applicable
exists between the cross-country distance and the road net density since
the design of the road net and topography, both of which influence on this
relationship, vary irregularly.

Provided that all transport occurs on a plane ground, that the roads are
straight lines and parallel, that the perpendicular distances between the
roads are equal, and that the cross-country transport is straight-lined and
perpendicular to the road, the following relationships nevertheless apply
(ct. figure 1)

coun‘rry
_—) é__.__

1 I
| t
| |
| |
| i
\ |
Road tran- Road | ¢l Read
| |
[ |
1 {
| |
| i
{ i

Fig. 1. Model of transport with straight and parallel roads situated at equal distances
from each other.
The cross-country transport is carried out perpendicularly to and straight toward
the roads.
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‘ B
IV[g = Z
10.L
V=81
2.5
(1) o Mg=%7
where Mg = the geometrical mean cross-country transport distance, km
V = the road net density, metres of road per hectare!
B = width of the area influenced, km (= distance between the
roads)
L = length of the area influenced, km (= road-length within the
area)

The geomelrical cross-counlry transport distance is the shortest straight-line
distance from a given point to the nearest road. The geomelrical mean cross-
country transport distance of an area is an arithmetic mean of the geomelrical
cross-country transport distances from an infinite number of points evenly
distributed over the area, each point representing an infinitely small area.

The relationship expressed in formula (1) is currently used for summary
calculations of the road net density. Since the cross-country transport to an
access road in practice seldom moves perpendicularly nor straight toward
the road, the geometrical mean cross-country transport distance is given a
percentage allowance in order to obtain the value of the actual transport
distance.

Occasionally, this allowance is made by means of an adjustment for the
increase in the geometrical cross-country transport distance caused by hauling
the timber to special landings instead of leaving the timber evenly distributed
along the entire length of the road, and by means of an adjustment due to
the fact that the course of haulage between the stump and the landing
does not follow a straight line, an allowance for winding course. The value
of the first of these adjustments varies with the geometrical mean cross-
country transport distance and the distances between the landings (cf.
table 10, p. 32). The allowance for the winding course of horse logging is
usually estimated at 10—30 9, (28). In other cases both these adjustments
are lumped into one amounting to 30—40 9, (2).

Any change in the conditions concerning the roads in formula (1) effects
an increase in the geometrical mean cross-country transport distance. Just
the difference that the road haulage winds symmetrically along the course
of the postulated straight lines means that formula (1) results in too short

11 metre/hectare (m/ha) = 0.1 km/sq. km = 0.16 miles/sq. mile = 1.33 feet/acre.
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geometrical mean cross-country transport distances. Computing empirically
the values of Mg and V, both of which are affected in this case by the changes
in the course of the haulage, and introducing these values in the formula

25k

Vv
we obtain by a solution of k an adjustment for the deviations from the
“ideal” conditions of formula (1). Values of adjustment can be similarly
obtained for other deviations and combinations of deviations with respect
to the courses of voads according to formula (1); hence, adjustment can be
obtained for real, irregular road nets. This adjustment is here called road
net adjustment (V-corr).

Values of adjustment can be obtained in a similar way for deviations in
the course of cross-country transports from the conditions of formula (1):

(2) . gwg =

(3) Mp = Mg - T-corr

where Mp is ‘“‘the practical mean cross-country transport distance”
(= actual mean haul).

This adjustment is called the cross-country transport adjustment (T-corr).
If the relationships according to the formulas (2) and (3) are known, formula
(4) can be established for the practical mean cross-country transport dis-
tance
@ Mp - 2.5 V-co;r- T-corr

An adjustment, the road net adjustment, V-corr, is thus explored in the
following presentation on the basis of formula (2) fo compensate for the fact
that the roads are not straight nor parallel and that the distances befween the
roads are not equal, while another adjustment, the cross-country transport
adjustment, T-corr, is obtained on the basis of formula (3) for the conversion
of the geometric cross-country transport distance to the practical cross-country
transport distance. (Thus, the adjustments do not comprise adaptations
caused by variations in the volume of timber felled in various parts of the
road net system etc.) ‘

2, Road net adjustment
a) Models of road nets

A study of the change in the road net adjustment at certain given altera-
tions in the models of road nets may serve as a basis for the judgement of
the road net adjustments obtained in practice.

Various models of road nets are shown in the series of figures 2--5. Series
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Fig. 2—5, a—c. Road net adjustments for various models of road nets.

geometric mean cross-country transport distance, km
road net adjustment
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no. 2 shows the type of road net that entirely meets the requirements of for-
mula (1) by having straight, parallel roads situated with equal distances apart.
The road net adjustment in this case naturally becomes 1.00. Series no. 3
shows a type of road net where the roads form a net of equally large squares.
The V-corr in all three cases a—c has the same value, 1.33. Series no. 4 is
a road net with parallel roads situated at different distances apart. Rising
with increasing unevenness in the distribution of roads, V-corr varies between
1.25 and 1.80 in the area.

Series no. 5 of the figures shows different road nets of squares and rec-
tangles where V-corr assumes the values 1.19, 1.32, and 1.52.

A comparison between the figures 2¢, 5a, and 5c¢c shows how an extension
of the lengthwise roads in order to achieve improved evenness in the road
system provides an essentially greater effect by reducing the cross-country
transport distance than does an extension of the cross roads. It is to be kept
in mind, however, that the cross roads may have an influence on i.a. the
distance of lorry haul, a matter beyond the scope of this work.

Series no. 2 and no. 3 of the figures have shown that the road net adjust-
ment is constant and independent of the net density in road systems of
equal design. These facts are shown in a more general way for nets where
the roads constitute sides- of equally large equilateral triangles, equally
large squares, and equally large, regular hexagons; these figures being the
only equally large, regular polygons that can cover a surface entirely (figure 6):

Fig. 6. Approximate outlines of road nets forming equally large equilateral triangles,
equally large squares, and equally large regular hexagons.
The outlines are drawn to a scale giving equal road net density in the three cases.

Equilateral Regular
. triangle Square hexagon
Tength of side.................... ' a ay dy
2 /9 2 2 ey
Area served per side............... a3, & % 3
6 2 2
Road-length per unit area, V ..... . 2V3 2 2y3
a, a, 3a,
Geometric mean cross-country trans- V3 3
t distance, Mg .............. % % &Y
port distanc g 3 % 5
V.M
V-corr < = W) ............... 1.33 1.33 1.33

2%__ 412713
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Evidently, the value of the road net adjustment is constant and independ-
ent of the length of the side ¢, and, hence, also independent of the road net
density.

The road net adjustment being equal in the three cases depends on the
fact that the area influenced by each side is bordered by two isosceles trian-
gles with common base, The side thus serves an area only half that served by
the corresponding road-length in a parallel system, and the mean cross-
country transport distance is 2/3 of the corresponding value in the ‘“‘ideal
case’”:

gw 2.5 . V-corr

39 =TTV
2.5

ng=T

V ¥ 1 1
-COTT = 3 = .33

This statement also applies to other road net models with triangular
areas of influence such as certain types of road nets with zig-zag roads.
(The quadratic road net may be considered a special case of such a road net).

Since the road net adjustment is equally large in the road nets, the types
are equal from the point of geometric cross-country transport; at equal road
distance per unit area an equally large geometric mean cross-country trans-
port distance being obtained.

My = 0530
2km Vecorr — 1.10
Tkm
2 km

Fig. 7. Road net model with branch roads from a throughfare.

A model with roads branching out from a throughfare is shown in figure
7. The terminal points of the branch roads have been chosen at a distance
from the far boundary of the area corresponding to the range of effect, i.e.
equal to half the distance between the branch roads. The spacing between
the throughfares is twice the spacing of the branch roads. The length of the
branch roads constitutes 50 per cent of the total road distance, and the road
net adjustment is 1.10. If the spacing of the throughfares is redoubled the
road net adjustment will be 1.05.
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Fig. 8. Design of a random road net. Fig. 9. Example showing the design of a random
road net where @ has been chosen with so-called
rectangular distribution between 0 and 2 7.

Dr. B. Matérn has computed the V-corr of randomly designed road nets.
Consisting of infinitely long lines, such a road net is constructed in the
following way.

A straight line L is determined by its normal coordinates P and ¢ (cf.
figure 8). Values of ¢ are alotted between 0 and 2m according to some distri-
bution which is symmetric around =, but requires no further definition.
Values of P are chosen between 0 and oo, on an 4 average values in each
interval of length I (more precisely expressed: according to a Poisson process
with intensity 4).—Figure 9 shows an example of a road net designed in this
way where ¢ was chosen with rectangular distribution. In the road net thus
obtained the average distance (d) from an arbitrarily chosen point to the
nearest point on a road (mathematical expectation) is

1}
l
> =

The mean road-length per unit of area is

<!
l
ro] >
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Thus, we get

which, introduced into formula (2) gives V-corr = 2.00.
The distance to the nearest road from an arbitrarily chosen point has a
distribution expressed by the following density (or frequency) function:

Aot
. . N 1
the mean value of which is 7 (= a, above) with a dispersion of 7

The value of road net adjustment, 2.00, obtained here is probably the
highest one that can be derived for model nets with an even distribution of
roads when it is entirely designed without consideration being taken to the
rational viewpoints with respect to the cross-country transports.

Figure 4 shows that the road net adjustment rises as unevenness of the
distribution of roads over the area increases. This matter has also been
discussed in more general terms for an area consisting of two parts with
road nets of equal design but with different road-length per unit of area
(table 1). When the two parts of the area are equally large and the road-
length per unit of area in one part is twice that in the other part, the table
shows that the road net adjustment for the entire area is 12 per cent higher
than for the parts. Larger differences in road net density cause V-corr to
increase strongly.

Table 1. Road net adjustment for an area comprising two parts with road nets of equal design
but different road-length per unit area.
V-corr of the entire area is expressed in per cent of V-corr of the parts. Each part may con-
sist of one area or-of several part areas.

Area of the Road-length of the small part per unit area in per cent
small part in of that of the large part )
per cent of

the large part| 25 50 75 100 125 150, | 200 300 400 500

25 136 108 101 100 101 103 108 121 136 151
50 150 111 102 100 101 104 111 130 150 171
75 155 112 102 100 101 104 112 133 155 178
100 156 112 102 100 101 104 112 133 156 180

At calculations including road net adjustment for an area that consists of,
or should consist of, parts with differences in the density and form of the
road net, each part should be treated separately, if possible. The road net
adjustment for the entire area means little information and may eventually
be directly misleading with respect to the “effect’” in the part areas.
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Fig. 10. Part of map sheet “Stensele’’. Fig. 11. Part of map sheet “Harads”.

Existing and proposed roads. Existing roads: full lines.
Proposed roads: dashed lines.

b) Real road nets

After exploratory investigations the geometrical mean cross-country
transport distance has been computed from maps of areas situated in northern
and middle Sweden.

Methods

Regular systems of points, mostly in a square spacing (cf. figures 10 and
11), have been overlaid on maps showing roads. The shortest straight-line
distance (= the geometric cross-country transport distance) to the nearest
road has then been measured from each point in the system. The sum of all
these “shortest straight-line distances” divided by the number of points gives
an estimate of the geometric mean cross-country transport distance.

The accuracy of the determination of the geometric mean cross-country
transport distance will depend on the accuracy of the measurements and on
the number of points as well as on the size of the area and the value of the
geometric mean cross-country transport distance.
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Accuracy

The measurements of the straight-line distances were made with compass
permitting an accuracy of 0.5 mm, which corresponds to 50 metres at a scale
of 1:100 000. The rounding-off error of the mean value thus becomes -+ \/,;9971
metres, where n is the number of individual measurements. Already at a
point number of 10 the rounding-off error of the mean value is less than -+ 5
metres, which can be considered entirely acceptable in this instance. However,
the difficulty in reading correctly half millimetres on a scale graduated with
1-mm units contributes to give an error of measurement of the mean value
that is slightly greater than that cited above.

In order to study how the precision of the mean value depends on the
number of points the variation (expressed as variance per point) has been
investigated for square nets of points of various densities. Corresponding
studies have also been carried out for point nets where the points were the
corners of the survey tracts used by the National Forest Survey.! It is
significant in the latter case that the distance between the corners of a tract
(1.8 km in the area concerned) is small in relation to the distance between
the tracts (cf. table 12 and figures 19 and 20, p. 43—45). Although the points
will be situated in a regular spacing, they will not be evenly distributed but
occur in clusters. Reference is made to the theoretical background of these
calculations as discussed by Matérn (19).

Based on the precision investigations outlined above at various densities
of road nets, an approximate formula has been constructed for the computa-
tion of the standard error of the estimate of the mean distance of an area at
different conditions in respect of the size of the area (A), mean distance
(Mg), and the number of sample points (n) in a regular spacing.

The formula is based on experiences gained concerning the relative stand-
ard deviation (¢) per point in the spacing at various densities of point pattern:

Area Road net n n—ilngz peracent

Present 48 18.2 52

Harads................. Planned 48 39.9 78

Present 108 8.1 44

Planned 108 17.7 60

Province of Jamtland

Part I................ Present 38 (1) 49.8 (1 882) 98.5 (109.8)
Planned 38 (1) 86.0 (3256) |101.8 (117.0)
Part I1............... Present 34 (1) |256.6 (8770) 82.0 (88.1)
Planned 34 (1) |375.6 (12836) |100.8 (89.6)
Part TIT.............. Present 20 (1) 81.9 (1647) 99.2 (105.3)
Planned 20 (1) |141.4 (2 842) 90.1 (100.8)

1 The survey is a combined line-plot survey along the periphery of systematically
spaced squares, so-called “tracts’”’. In north Sweden the sidelength of the tracts is 1.8 km,
in southernmost Sweden 1.2 km.
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Figures within parentheses refer to the case when only one sample point is
chosen at random in the area. The n-values 38, 34, and 20 are number
of tracts, the other n-values are number of points. The density of the point

A
pattern has been expressed by means of the ratio o Mg which is approxi-

mately proportionate to the number of road net meshes per sample point.
Provided the road net is composed of squares, the distance between the
roads is six times the mean distance and the area of the road net mesh
is 36Mg% The number of road net meshes within the area then becomes
A/36Mg¢? and the number of road net meshes per point A/(n - 363{g¢?).

The formula designed has the following appearance

®) 10lpg 6 = 1.42 + 0.30 - 50 +

A
———— | from which the relative standard error & of
n- Mg?

the mean distance is obtained from the equation

where x = 1%og

) b= —
Vn

The validity of the formula is based on the condition that the points are
spaced regularly in squares. The formula is less accurate for negative values
of x. For values of x exceeding 4.5 the value 4.5 shall be used in the formula.
The formula may also be applicable to regular triangle spacings.

In spite of the condition concerning the design of the point net, formula
(5) can also be applied for the precision of mean distances based on deter-
minations for the four corners of the tracts used by the National Forest
Survey. By this method, however, only limits are obtained which encompass
the standard error. These limits are computed by using for n alternatively
the number of tracts, and the number of determinations from the corners;
the standard error should then be closer to the upper limit than to the lower
one,

The number of points required in a regular square spacing has been
presented in table 2 for the standard errors 2.5, 5, and 10 9, and for various
areas and geometric mean distances.

Results and discussion

A study of the road net models in figures 2—5 shows that the road net
adjustment varies strongly with the geometric design of the road net. The
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Table 2. Number of peints required in a regular square spacing to obtain a certain standard
error of estimate of the geometric mean distance at various sizes of areas and mean distances.
Parentheses in the table pertain to cases where the area of the road net mesh (36 Mg?) is
larger than the size of the actual area concerned. Number of the points given in these
cases can be considered valid on an average for alternative locations of the area in relation

to the road net.

Standard error, per cent

Area 2.5 |

5

|

10

sq. km

Geometric mean distance to road, km

05| 1.0| 1.5] 2.0 25

05| 1.0] 1.5] 2.0] 25

0.5

1.0] 1.5] 2.0] 2.5

25 110 (65)] (50)] (40)| (30)| 45| (25)
50 | 140| 80! (80)[ (50)] (40)] 60| 35
75 | 160] 95| (70)] (60| (50)) 70| 40
100 | 180f 110] 80| (65)| (35)| 75| 45
150 | 210| 120] 90| 75| (60)| 83| 50
200 | 230] 140{ 100/ 80| (70)| 95| 60
250 | 250] 150 110| 90| 75| 100{ 65
300 | 270| 160| 120; 95 80| 110| 65
400 | 300! 180! 1301 110 90{ 120 75
500 | 320] 190| 140 120| 100} 130| 80
750 | 370} 230 170{ 130 110! 150, 95
1000 | 410 250| 190| 150| 130| 160] 100
1250 | 440| 270| 200] 160} 140| 170] 110
1500 | 470 290| 220] 170| 150! 180] 120
2500 | 550| 350| 260; 210! 180 210| 140
5000 | 680 440( 330| 270| 230{ 250| 170
10000 | 820| 540, 430! 350| 300{ 300| 210
20 000 |1 000| 680] 520 440| 380| 350| 250

(20)
(25)
(30)
35
40
45
45
50
55
60
70
75
85
90
110
130
160
200

(15)] (15)
20y (15)
(25)] (20
(25)] (20)
30| (25)
35] (30)
35| 30
40| 35
45| 40
50| 40
55| 50
60| 55
70; 60
75| 60
90| 75
110| 95
140] 120
170| 150

20| (10) (10)| (B)] (B)

300 20| 15 (10Y (10)
350 201 151 15| (10)

40| 30| 20 15| 15

65 40 35) 30| 25
65| 45| 35| 30 25
75, 50| 40| 35| 30
90| 651 50| 40| 35
100 75| 60| 50| 45
110] 90| 75| 65| 55

(10)] (10)} (10)
(10)| (10)] (10

20| 15 (15)

Table 3. Calculation of the road net adjustment for the area Stentrisk.

Total area, hectares.....................
Total length of roads, km............0...
Road net density, V, m/hectare..........
Geometric mean cross-country transport

distance, Mg, km.....................
VeCOIT. oo

Entire area Part S Part N

127 218 63 609 63 609
316.6 169.6 142.0

2.45 2.67 2.23

1.37 1.26 1.46

1.34 1.35 1.30

Table 4. Calculation of the road net adjustment for the area Harads.

Degree of extension: 1 = present, 2 = planned road net.

! Entire area Part S Part N
Total area, hectares........ 229 900 114 950 114 950
Degree of extension........ 1 2 1 2 1 2
Total length of roads, km ..| 497.4 757.5 263.5 379.9 233.9 377.6
V, m/hectare.............. 2.16 3.27 2.29 3.30 . 2.03 3.28
Mg, km ... ... 1.46 0.97 1.39 0.96 1.53 0.99
Vecorr ..o 1.26 1.28 1.27 1.27 1.24 1.30
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Table 5. Calculations of road net adjustments for the areas Mala, Jorn, and Asele.

Mala Jorn Asele

Degree of extension........ 1 2 1 2 1 2
Total Iength of roads, km ..| 922.5 | 1417.7 994.0 | 1 485.7 759.7 | 1148.8
Total area, hectares........ 390 110 389 958 407 822

V, m/hectare............ 2.36 3.63 2.55 3.81 1.88 2.84

Mg, km ... 1.56 0.94 1.46 0.99 1.98 1.31

Vecorr. . ..ot 1.47 1.36 1.49 1.51 1.49 1.49
Land area, hectares ....... 374 110 363 840 379 022

V, m/hectare............ 2.47 3.79 2.73 4.08 2.00 3.03

Mg, km ............... 1.57 0.94 1.48 0.99 2.05 1.34

V-COorr. .o vvviinnen . 1.55 1.43 1.62 1.62 1.64 1.62

Table 6. Calculation of the road net adjustment on the hasis of the geometric mean eross-
country transport distance of the forest land and of the total land area, respectively, and the
road net density of the land area within parts of the provinee of Jamtland.
»’Difference in mean distance, per cent” is expressed in per cent of the mean distance of the

forest land. .

Road i Land area No. tract
Forest land
net excl. mount. : corners
Differ-
Small den- ence
Part of Road sity \ ; .
. area Mean Mean in mean On
province net |m/hec- : s . On
no. dis- |+, dis- distance .| land
tare of V-corr V-corr forest
tance tance per cent excl.
land land
km km mount.
area
1 J:1-14 |Present| 1.83 | 2.53 | 1.85 | 2.55 | 1.87 1 611 877
Planned| 2.42 [ 1.91 | 1.85 [ 2.00 | 1.94 5
1I J:15-24|Present | 3.18 | 1.38 | 1.76 | 1.68 | 2.14 22 648 766
Planned| 3.83 | 1.10 | 1.69 | 1.26 | 1.93 15
I-II | J:1-24 |Present| 2.49 | 1.92 [ 1.91 | 2.09 | 2.08 9 1259 1643
Planned| 3.10 | 1.49 | 1.85 | 1.60 | 1.98 7
111 H:1-8 |Present| 2.16 | 1.55 | 1.34 | 2.02 | 1.75 30 334 490
Planned| 2.79 | 1.22 | 1.36 | 1.51 | 1.69 24
‘Whole province |Present| 240 | 1.84 | 1.77 { 2.07 | 1.99 13 1593 2133
Planned| 3.02 | 1.43 | 1.73 | 1.58 | 1.91 10

models considered most representative of actual road nets are the square
rectangular net in figure 5 and the nets of equally large regular polygons
in figure 6. For these nets the road net adjustment has been computed at
1.32 and 1.33 respectively.

For real road nets with even distribution over the area, the road net
adjustment has been calculated at 1.24—1.35 when the measurements are
based on the total size of the areas (tables 3 and 4). For larger areas with
rather more uneven road nets (Mala, Jorn and Asele) the adjustment has
been estimated at 1.36—1.51 when the total area has been taken into account
(table 5). When the land area only is considered within the same region, the
values 1.43—1.64 have been obtained. The corresponding values for the

3% 412713
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Fig. 12. Relationships obtained between road net density and geometric mean cross-

country transport distance.

province of Jamtland amount to 1.69—2.14 (table 6). These values of road
net adjustment for the land area closely agree with the road net adjustments
computed in a similar way for 31 parishes in middle Sweden (table 7) despite
the road net type and density are essentially different in the various areas

(ct. figure 12).

10

15

Road net density, m/hectare
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Table 7. Calculation of road net adjustment on maps with roads approved for timber storage
by a local scaling association in middle Sweden.

Mean
Total land |Approved | Road net| ©o5%
Parish area roads density country V-corr
hectare km m/hectare téz.msport
istance
km

Nora....ooovivviiieenan. 28 942 206 7.11 0.54 1.53
By. .o 30 970 273 8.82 0.45 1.59
Folkérna................. 18 959 166 8.74 0.44 1.56
Grytnds.................. 10 765 101 9.38 0.39 1.46
Hedemora ............... 46 040 405 8.80 0.42 1.48
Husby................... 37 090 253 6.82 0.59 1.62
St. Skedvi ........ ... .. 20 552 212 10.34 0.44 1.84
Vika..oooo oo 17 790 160 8.97 0.50 1.81
Sundborn................ 19 330 140 7.26 0.57 1.65
Svirdsjé . ... ... 85 321 445 5.21 0.74 1.54
Enviken.................. 34170 185 5.40 0.92 1.98
St. Kopparberg........... 33 500 258 7.70 0.54 1.66
Gustafs.................. 25 550 211 8.26 0.57 1.88
Floda.................... 37 520 157 4.18 0.98 1.65
Ludvika.................. 19219 157 8.18 0.48 1.46
Grangédrde. . .............. 75 882 497 6.55 0.52 1.36
Séfsnds................... 56 990 225 3.94 1.03 1.62
NaS. oo 48 810 186 3.81 1.00 1.53
Gagnef................... 40 110 122 3.04 1.62 1.98
Al o oo o 13 620 84 6.19 0.60 1.47
Leksand.................. 81 903 389 4.75 0.72 1.37
Siljansnés. . .............. 26 871 133 4.95 0.86 1.71
Ockelbo. . ..ovvvvineen... 100 162 694 6.93 0.52 1.44
Jarbo......... ... .00 14 061 85 6.02 0.64 1.54
Oovansjo...........c..on.. 39 976 378 9.45 0.39 1.47
Torsédker................. 30 440 396 13.00 0.40 2.07
Arsunda.................. 19 774 208 10.53 0.35 1.48
Osterfarnebo. . ............ 31130 242 7.76 0.48 1.50
Hedesunda............... 43134 357 8.27 0.54 1.78
Valbo.................... 58 778 486 8.27 0.49 1.62
Bollnés (part)............. abt. 32 890 133 4.05 1.22 1.98

In the northern regions the road nets mainly consist of throughfares at a
density of about 2—4 metres of road per hectare. The road nets in parishes
in middle Sweden consist of both throughfares and secondary roads, the
latter ones often being branch roads. The road net density varies between
3 and 13 metres of road per hectare, the average being 6.7 metres per hectare.

The road net adjustment for forest land in certain parts of the province
of Jdmtland has been calculated at values ranging between 1.34 and 1.91.
The values are generally lower than those for the total land in the same area
(table 6).

In the cases where it has been possible to compute the adjustment for two
alternative degrees of road net extension in the area, the road net adjustment
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has usually been slightly less for the alternative with denser road net. The
difference, however, has generally not exceeded 8 per cent of the value for
the more open road net although the increase in road net density in a couple
of areas has been even larger than 50 per cent. The planned road nets have
then been consisted of branch roads only to a small extent. However, when
extension caused a marked change in the form of the road net, the road net
adjustment has changed rather more clearly.

According to the investigations a value of road net adjustment about
1.60—1.70 can be recommended for use at summary calculations pertaining
to large areas of normal Swedish country, when the computations are meant
for forest land or for the total land area. In cases where the road net is very
evenly distributed, a slightly lower road net adjustment may be chosen. Con-
cerning calculations of alternative degrees of extension in an area, the road
net adjustment should be computed for outset on the basis of direct measure-
ments of mean distances and road-length. The value of road net adjustment
thus obtained can then after reduction (if any) be used for calculations at
the further extension of the road net. In the cases when the design of the
road net becomes more comprehensively changed by the road net extension,
the road net adjustment, however, should be directly computed not only
for outset but also for other degrees of extension. Sometimes, it may then
be suitable to limit the studies to selected model areas.

3. Distribution of area by cross-country transport distances

It is often of value to know for an area not only the mean cross-country
transport distance but also how the area is distributed around this mean
distance.

In the road net models formed by the equally large, regular polygons in
figure 6, the area influenced by each road (each side) is composed of two
isosceles, congruent triangles with common base. For road nets of this type
the following distribution of area applies.

Geometric cross-country  Percentage

transport distance of the area
< Mgooooiiiiiiiin 55.6
<2Mg..... o 88.9
<3 Mg............... 100.0

The corresponding areal distributions have been computed for certain
areas in north Sweden and for the transport investigation of the province
of Jamtland. The results are presented in table 8. The figures in the table
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Table 8. Percentage distribution of area by geometric cross-country transport distance (rng)
in relation to the geometric mean cross-country transport distance (Mg).
The points supporting the areal distribution in the areas Mal4, J6rn, and Asele are situated
on land and on various categories of estates. In the Jamtland material the points in the two
degrees of road net extension are points located on forest land.

Percentage area within various
] geometric cross-country trans-
Area Mg port distances my max | No. Imeasure-
km My ments of my
<Mg | <2Myg| <3DMy
Mala
degree of ext. 1 .. 1.57 57 88 9 4 198
» » » 2., 0.94 56 89 97 5 198
Jorn
1o, 1.48 56 89 97 4 209
20 0.99 58 89 98 6 209
Asele
1o oo, 2.05 57 87 97 4 203
20000 1.34 58 86 98 5 203
Province of Jamt-
land
Area A
P 2.9 67 86 95 8 about 460
2 i 2.1 68 87 93 8 » 460
Area B
1o oo 1.5 62 90 98 5 » 800
200 e 1.1 57 91 98 6 » 800
Area C
PN 1.6 63 89 96 8 » 330
2 1.3 62 91 97 7 » 330
‘Whole province
1o, 1.9 67 89 96 12 » 1590
2. i 1.4 66 91 96 12 » 1590
Average (arithm.) 61 89 97 7
Range of varia-
tion............. 0.94—2.9| 56—68 8§6—91 93-—98 4—12

indicate that there is a rather high stability with regard to the distribution
of the area on distance classes, The maximum distance seems seldom to be
less than four times the mean distance.

The mean distance weighted with the costs is the same as the area weighted
mean distance only in cases when the cost of moving is changed rectilinearly
on distance. In the other cases occurring at summary computations, the
values reported above for the percentage distribution of area between
geometric cross-country transport distances may give guidance at the deter-
mination of the cost weighted mean distance.
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4. Distance adjustment for cross-country transport

The cross-country transport adjustment has previously been defined as
the adjustment, T-corr, which is required to convert the geomelric cross-country
transport distance to the practical one, or according to the formula (3):

3) Mp = Mg - T-corr

Expressed in other words, the cross-country transport adjustment may
be said to be the relationship between the distance of cross-country haulage
to a landing and the shortest straight-line distance from corresponding
stump to the nearest transport road:

M P

T-corr == TJg

The road used for computing the geometric cross-country transport
distance can be ’but need not be’ the same as the one used for computing
the practical cross-country transport distance on account of adverse slopes
to the nearest road, or due to other obstacles.

a) Accuracy

This section deals with matters pertaining to the fact that measurements
of distances on the maps constitute the horizontal projections of the distances.
When dealing with the problem, an expression is sought for the ratio between
the practical distance of cross-country transport (mp) and the distance of
its orthogonal projection in the horizontal plane (mpy).

The ratio sought, mp/mp;, has been presented in table 9 for various values
of «, St,, and St, (cf. figure 13 with denotations) by means of the formulas
(7) and (8):

Sought: The ratio mp/mp,,

mp  Mpg,- St,
mpn  mpn
mpy, 1
mpr  Cos o
m St,

(7) ;5571 " cos ol
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Vertical plane through the terminal  The unfolded plane of the vertical section through
points of the cross-country road the practical cross-country transport road

Fig. 13. Outline of a practical cross-country transport road (mp) and its orthogonal projec-

mp
mph

MpPoy =

51
z

m
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tion in the horizontal plane (mpp), and the geometric elements used for the com-
putation of the ratio mp/mpn.

practical cross-country transport distance

orthogonal projection of the practical cross-country transport road in the horizon-
tal plane ( = distance measured on the map)

straight line between the terminal points of the practical cross-country transport
road in the unfolded plane of the vertical section through the practical cross-
country transport road

angle between mph and mpey

height difference between the terminal points of the practical cross-country
transport road

the straight line between the terminal points of the practical cross-country tran-
sport road in the vertical plane through the points

the horizontal projection of m (= straight line distance of the practical cross-
country transport road measured on the map)

angle between mp and m

allowance for winding course in the horizontal plane: mpn/mn (computed from
measurements on the map)

allowance for winding course in the vertical plane: mp/mpa,

value of the angel «, is obtained from the following equations:

4
thC :Eh

z

mpp

g o, =

mpy, =my - Sty

ig o
tga]_:m
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Table 9. The ratio mp/mp, at varicus values of «, St; and St,.

mpjmp;,
2° Sty %,° st

1.00 1.10 1.20 1.30 1.40

0 1.00 0 1.000 | 1100 | 1.200 | 1300 | 1.400

1.10 0 1.000 | 1100 | 1.200 | 1.300 | 1.400

1.20 0 1.000 | 1100 | 1.200 | 1300 | 1.400

1.30 0 1.000 | 1100 | 1.200 | 1.300 | 1.400

1.40 0 1.000 | 1100 | 1.200 | 1300 | 1.400

10 1.00 10.00 | 1.015 | 1116 | 1.218 | 1.320 | 1.421

1.10 9.11 1.013 | 1114 | 1.216 | 1.317 | 1.418

1.20 8.36 | 1.011 1112 | 1213 | 1314 | 1.415

1.30 772 | 1009 | 1110 | 1.211 1312 | 1413

1.40 718 | 1008 | 1109 | 1210 | 1310 | 1.411

20 1.00 20.00 | 1.064 | 1.170 | 1.277 | 1.383 | 1.490

1.10 1831 | 1.053 | 1158 | 1.264 | 1.369 | 1.474

1.20 16.87 | 1.045 | 1150 | 1.254 | 1.358 | 1.463

1.30 15.64 | 1.038 | 1142 [ 1.246 | 1.349 | 1.453

1.40 1457 | 1.033 | 1136 | 1.240 | 1.343 | 1.446

30 1.00 30.00 | 1.155 | 1270 | 1.386 | 1.501 1.617

1.10 27.70 | 1129 | 1.242 | 1355 | 1.468 | 1.581

1.20 2570 | 1110 | 1221 | 1332 | 1443 | 1.554

1.30 23.95 | 1.094 | 1203 | 1313 | 1422 | 1.532

1.40 2241 | 1082 | 1190 | 1.208 | 1407 | 1.515

40 1.00 40.00 | 1305 | 1436 | 1566 | 1.696 | 1.827

1.10 3734 | 1.258 | 1.384 | 1510 | 1.635 | 1.761

1.20 3496 | 1.220 | 1342 | 1464 | 1586 | 1.708

1.30 3284 | 1190 | 1309 | 1428 | 1547 | 1.666

1.40 30.94 | 1166 | 1.283 | 1.399 | 1516 | 1.632

On the basis of determinations of the factors «, St,, and St,, it may be
concluded that the values obtained by means of measurements in the
horizontal plane at the applications concerned are rather good approxima-
tions of the true distances. A reservation, however, must be made in respect
of such errors that might occur at measurements on maps that are simpli-
fications of reality.

b) Determination of the cross-country transport adjustment at the Royal
College of Forestry exercises in road planning at Malingsbo

The students at the Royal College of Forestry obtain practical tasks in
the subject of road planning. One task has included an investigation of how
the road net should be designed within a specified area to meet the require-
ments of the area in the best way regarding transport lines for forest products,
for residents and for labour etc.

This task has been fullfilled according to a method reported by Janlév
(12). It includs studies of the cross-country transport within the area as an
important element.
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Before extension After extension

c S0 00d T

Fig. 14. Cross-country transport outline of a natural transport area on the range of Kloten.
Before and after the extension of a road.

D Point on productive land Cross-country transport road
© Point on impediment - --- Boundary of natural transport area
—— Permanent road 3 Landing

Planned forest road

Quadratic patterns of points have been introduced on maps of the natural
transport areas (scale 1: 10 000). Each point may be said to represent a fixed
quantity of timber that is to be transported along the natural line of trans-
port to a landing on the road side or on a floatway. The cross-country
transport distance may be determined with rather good accuracy after a
careful study of the country before the establishment of the “transport area
maps”. This method of studying the design of the cross-country transport in
a certain area by means of an overlay with a systematic point pattern has
proved advantageously applicable both at the practical management
planning, especially when the country could be studied in a stereo-model,
and at more theoretical investigations, examples of which are given by
Arvidson (3), Hall (9), and Hjelmstrom (10).

Figure 14 shows an example of the transport conditions in an area before
and after the extension of a road.

The cross-country transport distance from each point on the map has
been compared with the straight-line distance measured from the same
point to the nearest transport line, in this case a lorry road.

The ratios between the values obtained from the maps with respect to
the actual cross-country transport distance (mp) and the geometric cross-

4*— 412713



30 GUSTAF VON SEGEBADEN

Cross-country

transport .
adjustment . 1956 1957
300 Before road extension + @

T After road extension . 0)

Judged adjustment X
-]
&
250 k -

200 F

150 +

1 " A 1 L 3

1‘00 1 1 1 | TS ! {
0 0.5 1.0 15
Geometric cross-country transport distance, km

Fig. 15. Cross-country transport adjustment applied at the exercises in road planning at
the Royal College of Forestry at Malingsbo.

country transport distance (mg) have been grouped into 100-metres classes
for the latter distance. Since the objects chosen as tracts of exercises
displayed factual needs for more roads, the values obtained from the
maps with respect to “before road extension” are meant to represent poor
cross-country transport conditions which will mean a high cross-country
transport adjustment. It should be noticed that these values consequently
do not represent average conditions at lower road net densities but
conditions prevailing in areas that are poorly planned with respect to cross-
country transports. “After road extension” may represent good or ‘“‘ideal”
cross-country transport conditions with a presumably rather low cross-
country transport adjustment achieved by correct placing of the roads in
their natural location.

Figure 15 shows the values of cross-country transport adjustment graph-
ically presented and fitted with curves. The interval of geometric cross-
country transport distance of the greatest interest currently ranges between
0.3 km and 1.5 km. The optimum mean cross-country fransport distance
can be expected somewhere between these values.
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Fig. 16. Comparison between the cross-country transport adjustment for points from which
timber is hauled to the same road as that from which mg has been measured and
for points from which timber is hauled to another road—before and after road

extension; Royal College of Forestry exercises at Malingsbo.

Distinction has been made in one part of the material between points
from which the timber has been transported to the same road as that to
which the geometric cross-country transport distance has been measured,
and points from which the timber has been transported to some other road.

Figure 16 displays this distribution graphically. The figure shows that the
cross-country transport adjustment is essentially higher for the points from
which the timber has been hauled to some road other than that which is
nearest, than for the points from which the timber has been hauled to the
nearest road. The position of the curve of the weighted mean value of
“T-corr same road” and “T-corr other road” in relation to the positions of
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the curves of these two adjustments provides a concept of the relative
distribution of “points toward same road” and “points toward some other
road”.

It appears before the extension of the road that the timber from
about half of the points was hauled to some road other than the nearest
one, while after the road extension the timber from only a few points
were hauled to some other road. From the point of cross-country transport
this may be said to constitute a measure of the efficiency of the road systems
in these transport areas. This statement, however, does not infer anything
from the point of cross-country transport about the better or worse placing
of the roads in the current road net. These roads may be placed quite logi-
cally in the large natural transport areas which may be said to be composed
of a number of natural transport areas of lower order, i.e. those areas which
are situated most distant from the current roads, naturally become less
favoured from the point of cross-country transport than the others and they
are therefore the prime objects of road construction at an extension of
the road net. These areas are just the kind apportioned to the forestry
students as tasks of exercise.

When the cross-country transport is carried out to special landings, the
transport distance is higher than that obtained when the timber is unloaded
evenly scattered along the roads. Compiled according to Sundberg (28),
table 10 shows the percentage increase in the geometric mean cross-country
transport distance at various distances between the landings.

Table 10. Percentage increase in the geometric mean cross-country transport distance when
timber is hauled to special landings.
Timber is evenly scattered in the forest.

Geometric mean Percentage increase in Mg at various distances (metres)
cross-country b ;
etween the landings
transport

distance, (Mg)
km 150 250 350 450
0.05 40 78 118 154
0.15 6 13 28 39
0.25 3 6 8 13
0.35 1 4 6 8
0.45 1 . 2 4 6
0.55 0 2 3 4
0.65 0 1 3 3

The table shows that no essential increase in the cross-country transport
distance is incurred when the timber is hauled to special landings, as long
as the distance between the landings is less than the geometric mean cross-
country transport distance.
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The review above shows that the distance adjustment for cross-country
transport is caused by the following conditions.

— From some parts of a transport area the cross-country transport must

frequently be directed to some road other than the nearest one.

— The timber is usually hauled to special landings by the roads.

— The practical course of haulage deviates from the straight line between

the point of loading to the landing on the road side.

Somewhere between the curves ‘“before” and “after’” the road extension
there should be a value of cross-country transport adjustment that is useful
at summary calculations for large areas of a certain type of country. Roads
that cross over watershed divides and other boundaries between transport areas
as well as roads in steep country that are mainly fed with timber from one
side only have a raising effect on this value, which must be judged with
respect to the place of existing and planned roads.

The curve showing “judged adjustment” in figure 15 is an example of a
compromise between the values “before’” and “‘after” road extension when
these values have been given the weights 1 and 4, respectively.

Since the precision of the performance of the task certainly varied between
the students, the values obtained may be conceived as examples showing
the application of the method.

While the road net adjustment is a purely geomelric coefficient it is evident
that the distance adjustment for cross-couniry transport is bound to logging
technique and its application to topography.

¢) Determination of the cross-country transport adjustment at a special study
conducted at Malingsbo

In the summer and autumn of 1939 a special investigation of the cross-
country transport adjustment was carried out in the districts of Malingsho
and Kloten.

A forestry map drawn to the scale 1: 10 000 in 1955, partly on the basis
of aerial photography, was overlaid a quadratic point pattern with a distance
of 1 km between the points, the position of which was subsequently ascer-
tained in the country by means of forestry maps and aerial pictures. The
distance of the judged course of haulage was measured in the country from
each point (numbering 255). Both the shortest distance to the nearest road,
i.e. the geometric cross-country transport distance, and the straight-line
distance to the landing by permanent road were measured from each point
on the map.

The result of this investigation of the cross-country transport adjustment
is shown in figure 17.
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Fig. 17. Cross-country transport adjustment at a study specially carried out at Malingsbo.
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The data have been investigated concerning the correlation between the
cross-country transport adjustment (x) and the geometric cross-country
transport distance (y). This investigation produced a correlation coefficient
of -0.017 for the formula z = 1.26-0.002 (y-0.50).1 On account of this
weak correlation, the coefficient can definitely not be stated significantly
different from 0. The material should be about 100 times larger to produce
significance at this correlation.

The cross-country transport adjustment for the area concerned may be
computed by means of relatively few points and by making the arithmetic
mean valid for various geometric cross-country transport distances. In
the present case the mean value of the cross-country transport adjustment
amounted to 1.25.

An essential increase in adjustment is only obtained at decreasing geo-
metric cross-country transport distance when the timber is hauled to special
landings and when the geometric cross-country transport distance is short
in relation to the distance between the landings.

The allowance for winding in this investigation was also determined at an
average of 411 per cent of the straight-line distance between the stump and
the landing on a road side.

d) Determination of the cross-country transport adjustment at a transport
investigation in the province of Jimiland

An investigation of the accessibility of forests in the province of Jamtland
also included a determination of the cross-country transport adjustment (21).
The material was entirely based on studies of the public maps drawn to the
scale 1: 100 000. ,

The determination was carried out for the northern corner of the “‘tracts”
of the third National Forest Survey in the area, provided the corner was
situated on forest land. Two alternatives of road net extension were then
considered, viz. the present net of permanent main roads and a planned
extension of same. Furthermore, the cross-country transport adjustment for
timber haulage to floatways was determined for some of the survey tracts.
The number of determinations of the cross-country transport adjustment
factors amounted to a total of about 1 900. The result is shown in figure 18.
The following mean values were obtained for the cross-country transport
adjustment:

to the present road net 1.36,

to the planned road net 1.34,

and to the floatways 1.37;

the mean value of all the determinations being 1.35.

1 In the formula y is expressed in !/;,-km units.
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Fig. 18. Cross-country transport adjustment at a transport investigation in the province
of Jimtland.

5. Introduction of the adjustments of road net and cross-country transport
into the calculations of the road net density

Based on the principal discussion of the coordination of two given transport
operations carried on by Sundberg in “‘Studies of Transportation in Forestry”
(28), calculations of the optimum road net density were aimed at ‘“‘the meet-
ing point between the two transport methods where the sum of the direct
and the indirect distance costs at haulage of timber from the points of origin

to the terminal point is at the lowest™.
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The task is thus to find the minimum point of the function

K = DUK, + IUK, + DUK, + IUK,

where K = the total cost of transport
DUK = the direct distance cost of a certain transport
IUK = the indirect distance cost of a certain transport

index1 = primary transport
» 2 = secondary transport
» u = outside the area
The following additional symbols are introduced (cf. figure 1, p. 9):

B = width of the area concerned (=the distance between the
roads of the secondary transport)

L = length of the area concerned

Q = volume of timber per unit area

duk = specific direct distance cost for a certain {ransport
iuk = specific indirect distance cost for a certain transport
S = road-length of the secondary transport
k, = cost per unit of length of the secondary road

Mean cross-country distance (Mp) of the primary transport:

B
Mp = i T-corr

Relationship between the mean cross-country transport distance (Mp)
and the road net density (V):

2.5 V-corr. T-corr
Mp = 10-V

(where the value 10 is entered into the denominator to convert Mp and V
to the same system of units).

V-corr. T-corr
4.V

V-corr
- B

1 T-corr =

The road net density V corresponds to the road-length S within the area:

V-corr

§S=V-B-L= B

*B-L=L"-V-corr
The following costs per volume unit of timber are obtained provided the
mean haulage of the secondary transport within the area equals half the

. S
road distance 3 :
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B
DUK, =duk, 1 T-corr
. B
IUK, =iuk, 1 T-corr
L
DUK, = dukg-i- V-corr +duk,, - S,
. L
| IUK, =iuk, o V-corr + iuky, - S,
ik ky- L - V-corr 2k,
1 2 = = . .
B-L-Q-QI:-V—corr B-L-0Q
2k, L .
IUK, = E—L‘—Q 5 V-corr + iuk,, - S,
ky - V-corr |
IUK2=TQ—+luk2u'Sl,

Subsequently is obtained the total cost of transport:

B L
K= 1 T-corr - (duk, + iuk;) +duk, - 5 V-corr +
ky - V-corr
B-Q
The point of minimum (if any) of this function is obtained by derivation
with respect to B:

+duk,, - S, + +iuky, * S,

T—COI‘I‘ ky - V-corr
K = (dlel + lUkl)__——B—zj
K'=0
T duk ,k_k2~V-corr
-corr - (duk + iuk) = B0

Since the second derivate of the function is positive, B at K'= 0 represents
a minimum value of the function

9 4.k, V-corr
©) Buin \ T-corr - (duk, + iuk,)-Q

An area the B,;, of which is computed according to the formula above

B .
(9), thus has a real mean cross-country transport distance of Zm - T-corr

V-corr
Bmin

and a road net density of
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Since the “optimum road distance” becomes a slightly abstract concept
for non-parallel road nets, it may be suitable instead to use the term “opti-
mum (practical) mean cross-country transport distance” (Mp,;,):

ky - V-corr . T-corr
(10) Mpmin =\ sk, + k) -0




B. Determinations of length of roads

1. Statistics on the extent of the Swedish road net

As previously mentioned, it is important at calculations of the optimum
extension of the road net to be able to determine the actual extent of the
road net. Our knowledge of the extent of the national road net at various
times will be reviewed in an introduction in order to provide a background
to the following presentation.

Data on the extent of the Swedish net of roads and streets are annually
furnished in the official statistics on the basis of information from
the Board of Roads and Waterways. In the statistics dependable infor-
mation is given on public roads in rural areas and on roads and streets in
towns and communities which are independent with respect to road main-
tenance, and on private roads entitled to subsidies for maintenance. On pri-
vateroads which arenot entitled to such subsidies, however, there are at present
no figures, not even estimates.

Public roads are constructed by decision of public authorities or they are
considered of old as public. They are maintained by the civil service and
they are open for public communications. All roads not public are considered
private.

Our earliest official statistics on the public road system in the entire
country comprise five-year periods from 18561860 to 1901—1905 (14).
In the “‘Statistical Abstract of Sweden” (27) there are data on the total
length of the public roads annually from 1906. Data have been compiled
below for certain years concerning the extent of the road net in the rural
areas.

Year Length of roads, km
1860. ... iut 53 858
1870, ..ot 56 994
1880, ...t 59 929
1890. ... L. 59 937
1900, ... .....ooL 56 395
1910, 62 097
1920, ... ..l 65 276
1930, ...l 76 203
1941, ... 0. 88 595
1950, ...l 90 409

1960. ...l 93 481
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Data for the years 1860—1900 are rather independable because of i.a.
“difficulties at the classification of roads, outdated information on length
of roads, necessitity of remeasurements etc.”. The reduction in length
from 1890 to 1900 is caused by the fact that certain roads according to
the Law of 1891 (16) then lost their status of being public.

Knowledge of the private road net is scanty, the reason being the changes
in legislation concerning the private road maintenance. These circumstances
are described in the Forestry Investigation of 1936 (29) as follows:

“Legislation concerning private roads is based i.a. on the principle that
private road maintenance is of private concern. Hence, the parts interested
should have option to negotiate road matters and then to determine whether
and how the roads are to be built as well as how the burden of costs of main-
tenance are to be distributed. In consequence of this attitude of the State,
the civil service authorities have contributed very little to the private
roads and their ability to serve the communications. State subsidies to these
roads were not possible until late [1918] and they have then been awarded
with relatively small amounts™.

Regarding private road projects of forestry importance, however, there
are certain data from 1870 and later reported by the Swedish Forest Service
(15, 13 and 5) and from 1942 by the National Board of Private Forestry
(4 and 24). In “Lorry Transports in Forestry”’, the most detailed outline of
the structure and extent of lorry transports in forestry, Fredén (6) also re-
ported on the result of an inventory comprising roads owned by Forest
Service and the companies by the end of 1954. The forest land areas inclu-
ded in the report represent 44 per cent of the total forest land area.

The latest official information on the total length of roads and streets (7)
is finally presented in table 11.

2. Determination of length of roads at the road inventory carried out by
the National Forest Survey

a) Methods

When information on the road-length in a certain area is required and
when such data are lacking, there is near at hand to measure the length
of the roads on maps. However, no differentiation of the length can then be
made regarding such factors as surface material, road width, carrying
capacity and speed standards etc. When such a division is required the
collection of data must be made in field. Maiérn at the Royal College of
Forestry has advised on a collection of data by a method of random sampling
to determine the length of roads. The method may be used for work on
maps as well as in field. '
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Table 11. Total length (km) of the Swedish roads and streets as of January Ist, 1963, distri-
buted by the types of the roads and the surface material.

National road: road which is of great importance for the through long-distance traffic.

Provincial road: road other than national road.

.. Value not available.

Total | Length | Surfaced | Lotal Of which
length of
Road type length of |ofsurfaced] roads ravelled
roads roads | per cent 8 roads Oiled Other

A. Public roads in rural

areas ............. 96 027 18 288 19 77 739 12195 | 65544
1. National roads ..] 12102 8295 69 3807 1965 1842
2. Provincial » ..[ 83925 9993 12 73 932 10230 | 63 702

B. Roads and streets in
towns and communi-
ties with independ-
ent road mainte-
DANCE . . v v vvnannnn 10 879 6 925 64 3 954

C. Privateroadsentitled
to financial support
by subsidies ....... 55 223 55 223

Total | 162129 | 25213 16 | 136916 |

Concerning the theoretical background of the method and its description
reference is made to the appendix “A method of estimating the total length
of roads by means of a line survey” by Matérn.

b) Collection of data

During the current National Forest Survey, which started in 1933, the
entire country is annually covered with a low percentage survey (8). Cf.
figures 19 and 20. Special problems with respect to biology, geology or
technology can then be considered and data on the problems can be gathered
throughout the country in one single year. Precision desired in the total
result is obtained by repeated collection for a number of years. An explora-
tory collection of data on the roads called “‘road inventory” was made in
1956. On the basis of experiences gained at this inventory, certain changes
were made in the instruction for the field work after which the inventory
has been repeated annually during the period 1957—1963. The recording
of roads has then proceeded according to the following excerpt from the
instruction (11):

» — -—— — special description shall be made according to the following instruction for
permanent roads and seasonal lorry roads the centre line of which is intersected by the
survey line.

Permanent roads are trafficable all year (occasionally excluding the period of frost lift)
with heavy duty lorries; where necessary trenched and gravelled or surfaced by some other
material.
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Seasonal lorry roads are planed main roads trafficable with heavy duty lorries or tractors
in winter.

Main horse roads, roads under construction, and old roads no longer used for traffic due
to new roads being built are not reported.

Recording of permanent roads

The following characteristics are reported:

Ownership at intersection

Nature of road from a forestry point of view

Three different groups are reported:

S — roads which at the intersection pass forest land or so near forest land that timber
can be hauled to and piled on the road side. If the road passes land of some category
other than forest land, it is to be considered as S-road provided the distance of the
cross-country transport is shortened if the timber is piled on the road side. If the
distance to the nearest stand margin exceeds 200 metres, however, T-road is recorded
as follows.

T — roads on which timber is transported and to which timber is not extracted directly.
It is understood that S-roads according to above are also used for transport from the
forest.

O —- other roads where transport of forest products does not occur.

Public or private roads

Ouwnership group

Width of the road

Recording of the seasonal lorry roads

‘When there is doubt whether the main road is used for horse or lorry transport, the road
is recorded within brackets.»

By “owner” is here meant the owner of the land (forest land or other land)
served by the road and not the legal owner of the road.
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Fig. 19. Approximate outline of the layout of the survey tracts.
Thin full line represents “survey line’” at the second National Forest Survey
(1938—1952), now replaced by ““tracts” located along the
former line

Thick » » » “tract”’

Dashed » » boundary of “survey area” with one tract surveyed per
year

[1] Tract surveyed in the first year

21 » » » » second year

a. s, 0.
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Fig. 20. Division of the country into “regions” (I-V), the report areas of the road inventory
and the tracts of one year of survey.
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¢) Computation

At computation the material collected in the field has first been checked
with respect to the formal correctness of the records. The material has
also been supplemented with the public roads not included in the field
work. According to the instruction, distances over water and over large
farm fields and over impediment may be obtained from the maps by means
of ruler. Moreover, roads crossing over farm fields are to be reported only
when the registration can be made without great time consumption. In
this case intersections between roads and the tract side may be lacking.

After this check the data have been punched on cards and sorted with
respect to various factors. After sorting the number of intersections between
roads and tract sides is obtained in each group of sorting. The road-length
(Y) corresponding to the number of intersections (n) is obtained according
to formula (A 3):

T n

;L
172 t

Table 12. Theoretical land area factor at the third National Forest Survey and the actual land
area factor at the surveys of 1956, 1957, and 1958.

Distance between Area per km of line surveyed, sq. km
: Length
lines and tracts at f tract | Theoretical )
Region the survey of ol trac 1€0Tetic Actual at the survey in
side at the
one year km survey of
km s 1956 1957 1958
one year
I 25 22.4 2.2%* | £3.6364%*% | 64.2980 | 63.9376 | 77.8668
IT 25 18.4 1.8 63.8889 65.6507 | 63.3957 | 63.2781
111 50 10.8 1.6 84.3750 85.0264 | 83.5310 | 84.9596
v 25 12.0 1.4 53.5714 54.2340 | 54.0630 | 53.7534
v 12.5 10.0 1.2 26.0417 26.4169 | 25.6748 | 25.8805

* After two years of survey the theoretical area per km of line surveyed is half that pre-
sented above etc.

** From the 1958 survey the tract side in region Iis 1.8 km and the area per km of line
surveyed is theoretically 77.7777 km?.

The length of the line system per unit area (f) depends on the length of
the tract side and on the distances between lines and between tracts. These
factors vary between the regions of the National Forest Survey (figure 19)
according to table 12 where the corresponding area of land per unit of length
on land surveyed in one year is presented for both the theoretical case
(22) and the actual one. It is assumed in the theoretical case that the areas
covered with water are evenly distributed over the total area and that they

! Formula (A 3) = formula (3) in appendix (p. 68).
p
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are thus equally represented at each annual survey and that the line length
surveyed is equally long each year. Actually, the representation of areas
covered with water differs between years and hence the actual land area per
unit of length surveyed on land. Moreover, the total line length per year
varies since the number of survey tracts (or parts thereof on the area bound-
aries) per year is not constant. At repeated survey the actual land area
factor approaches the theoretical one, nearly to concur at the end of the
survey cycle. In the road inventory the theoretical factor has heen chosen
for use.

At a division of the material by parts of regions (e.g. provinces) it should
be noted that neither the nominal land area factor nor the actual one defi-
nitely applies to the separate parts.

If the theoretical land area factor is used, an intersection between road
and tract side corresponds to the following road-length in kilometres.

Road inventory

19571960
| U 29.1550
|5 R 25.0892
16 ) O 33.1340
IV 21.0375
Ve 10.2266

d) Results and accuracy

The results of 1957—1960 road inventories (denoted ‘road inventory
1957—60”) ‘are reported in tables 13, 14 and 15. The country has been
divided into two areas (cf. figure 20):

a) North Sweden comprising the regions I, 11, and III.

b) South Sweden comprising the regions IV and V.

The registration of the roads is made in four ownership groups:

State forests

Other public forests

Company forests

Other private forests

Some data, however, are distributed by individual regions without divi-
sion into ownership groups.

By means of the statistics on the area of forest land according to table 16,
the road net density expressed in metres of road per hectare of forest land
for various ownership groups has been computed in table 17.
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Table 13. Public reads according to the road inventory.

Ownership group

Length of roads, km

Total North South ‘Whole of

Sweden Sweden Sweden
State. ... .o 3 880 1160 5 040
Other public............. ... . ... .. ... 830 2210 3040
Companies........ .o, 7 950 3 430 11 380
Other private. ................ ... .. ... 17 520 27 620 45 140
Total, road character S1957—60......... 30 180 34 420 64 600
Total, road characters T and O 1957—60. . 6 230 24 730 30 960
Grand total 1957—60............ ... 0. 36 410 59 150 95 560

Table 14. Private permanent roads with character S according to the road inventory.

Length of roads, km
Ownership group

Total North South ‘Whole of

Sweden Sweden Sweden
State. ... ... 7 990 8 200 16 190
Otherpublic........ ... ... .o it 2 260 7 300 9 560
Companies.........oooiiiiiiiii i 16 290 12 820 29 110
Otherprivate. ........... .. ... vt 25 180 70 710 95 890
Total, road character S 1957—60........ 51 720 99 030 150 750

Table 15. Seasonal lorry roads according to the road inventory.

Ownership group
Total

Length of roads, km

North Sweden

Other public....................
Companies.............. .. .un.
Other private...................

Total 1957—60................

9 850
1750
13 010
27 030

51 640

Table 18 gives a summary of the road-length and the road net density

of public and private permanent S-roads distributed by regions.

To check the dependability of the method, adjustments have been made
in accordance with statistics on the length of public roads from the Board
of Roads and Waterways of January 1st, 1960 (27).
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Table 16. Forest land according to the National Forest Survey 1953—57.
All land except mountains, farm fields and roads, is considered forest land.

. Forest land area, sq. km
Ownership group
Total North South ‘Whole of
Sweden Sweden Sweden
State. . ... .. ..o i, 53 575 5 843 59 418
Other public. ................. 11 616 5763 17 379
Companies.................... 56 053 13 976 70 029
Other private................. 82 638 67 029 149 667
Region I 103 950 . -
Total b T0 48621 | 203 ssp Resion Vi ggZ} 92611 206 493
»  HI 51311 ’

Table 17. Road net density expressed in metres of road per hectare of forest land according
to the road inventory pertaining to public and private permanent roads with character S,
and seasonal lorry roads.
The standard errors of the determinations are reported in table 20.

North Sweden South Sweden
Ownership group Public | Private Seasonal | Total | Total Public | Private Total
lorry perm. all | perm.
roads | roads roads | roads
roads roads | roads roads
State............ 0.7 1.5 1.8 2.2 4.0 2.0 14.0 16.0
Other public...... 0.7 1.9 1.5 2.6 4.1 3.8 12.7 16.5
Companies........ 1.4 2.9 2.3 4.3 6.6 2.5 9.2 11.7
Other private..... 2.1 3.0 3.3 5.1 8.4 4.1 10.5 14.6
Average 1957—60 1.5 2.5 2.5 4.0 6.5 3.7 10.7 14.4

Table 18. Permanent roads with character S distributed by regions according to the
road inventory.

Region
I I III v A% IV

Length of roads, km

Publicroads.................. 13 730 9450| 7000; 29770] 4650| 64600

Privateroads................. 17 930| 10 860} 22 930 81 900{ 17130} 150 750

Total, S-reads................. 31 660 20 310| 29930}111 670 21 780|215 350
Forest land area, sq. km..........|103 950| 48 621 51 311| 79 007| 13 604 296 493
Road net density, m/hectare

Publicroads.................. 1.3 2.0 1.3 3.8 3.4 2.2

Privateroads. ................ 1.7 2.2 4.5 10.3 12.6 5.1

Total, S-roads................. 3.0 4.2 5.8 14.1 16.0 7.3
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The length of the roads according to the road inventories of 1956 and 1960
for four province groups and for the entire country, and the mean value
of the five inventories 1956—1960 put in relation to the values of the official
statistics have been compiled below.

Length of roads according to
Official Road inventory
statistics 1956 1960 19561960
Province groups............ 100.0 95.6—109.4 | 93.6—120.0 | 100.2—1086.5
(range of variation)
‘Whole of Sweden........... 100.0 103.8 105.7 102.2

A comparison between the values of separate provinces naturally gives
considerably greater deviations, especially when only one year survey is
used, e.g. province of Ostergétland 1956 (65 intersections) -+ 32.9 %;
1956—1960 (65 + 59 4 45 + 42 + 39 intersections) 4- 1.5 %,.

This adjustment of the length of public roads obtained at the road in-
ventories to the length according to official statistics shows that the material
from the road inventory on the survey tracts of one year provides usable
values of road-length for large areas.

The precision of the estimate of the length of permanent roads with the
character S has been investigated by computations of the relative standard
errors of the estimates. At the computations it has been assumed that the
length of a road net within a region estimated by means of x intersections has
a relative standard error that amounts to 130/y/z per cent. The formula has
been obtained in a numerical way by means of tract systems placed on
maps.

A system of tracts from the area concerned in one year has then been
placed in various positions on the map by parallel translations corresponding
to a certain number of replications of one year survey.

At the computation of the relative standard error ¢ (= standard error
expressed in per cent) of the length of roads estimated of one year, the
following computations have been carried out.

_ 1
x=ﬁ(x1+x2+...+xn)

[(xl ~E)2 4 (X=X ... (T — 5)2]
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where n = no. positions (= no. surveys) and x;, ,, . . . , T,, = no. inter-
sections between tract sides and roads in the n positions.

Table 19. Compilation for the computation of an approximate formula for the relative
standard errors of the road-length estimates,

Area Region n ljoad T s & 1—(2

ype \Vz
Part of the province of I 20 Public 30.65 8.0 | 26.0 | 18.1
Norrbotten Private 6.25 3.0 | 47.2 | 40.0
All 36.90 8.7 | 23.7 | 16.5
Parts of the units of Dalar- 11T 20 Public 10.70 4.2 1 38.8 | 30.6
na, Jamtland and Hélsing- Private 9.55 3.9 1 41.3 | 324
land All 20.25 54 26.7 | 22.2
Unit of Angermanland III 28 Public 37.96 8.9 | 234 | 24.7
Unit of Medelpad 111 28 Public 16.39 4.6 | 28.3 | 16.2
Province of Ostergétland v 23 Public 51.35 8.3 | 16.1 | 14.0
Province of Kronoberg v 23 Public 42.00| 10.5 | 25.0 | 154
Total 296.5 [ 230.1

Table 19 shows a compilation for determination of e. The following ap-
proximate formula for ¢ is obtained.

296.5
100'230.1 128.9 130
(1 1) E= = — = A
7 V2 Vz

Table 20 presents the computed relative standard errors for the length
of the permanent roads with character S, which are reported in tables 13
and 14.

Table 20. Calculated relative standard errors for permanent roads with character S according
to the road inventory.

North Sweden South Sweden
Ownership group
Total Public | Private I;r;_tril Public | Private g;&il
roads roads roads roads roads roads
State. . .................. 11 8 7 17 6 6
Other public.............. 25 15 13 12 7 6
Companies................ 8 6 5 10 5 5
Other private. . ........... 5 3 3 2 2
Total, S-roads........... 4 3 2 3 2 2
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It appears at a division of the material into small areas or ownership
groups of small extent such as ‘“other public forests” in North Sweden
that the separate values become rather inaccurate.

The relative standard errors computed for the length of S-roads presented
in table 18 are reported in table 21.

Table 21. Calculated relative standard errors for permanent roads with character S distributed
by regions according to the road inventory.

Road type Region
Total I 1 1 v v -V
Public roads.............. 6 7 9 3 6 2
Privateroads. ............ 5 [§ 5 2 3 2
Total, S-roads........... 4 5 4 2 3 1

The road-length obtained for each of the two report areas North Sweden
and South Sweden shows rather good agreement between the various in-
ventories as regards the total length of public roads while the length of
private permanent roads with the character S displays a considerably greater
variation. It has therefore been considered of value to analyze further these
variations.

The relative standard error of the mean value has therefore been primarily
computed for the length of public, respectively, private permanent roads
with character S at the four inventories 1957—1960. The standard error has
been computed on the basis of the actual results from the inventories of the
separate years. Below this “‘standard error obtained” has been compared
with the standard error computed by means of formula (11) reported in
table 20.

North Sweden South Sweden
Public S-roads
Standard error obtained................ 4.4 9 1.6 9%
» » computed............... 4.0 % 3.1 9%
Private S-roads
Standard error obtained................ 7.4 9% 7.4 %
» » computed............ ... 3.1 9% 1.8 9%

At tests of significance of the standard errors no significant difference is
obtained between the errors obtained and those calculated for the public
roads, but a significant difference on the 0.001-level for the private roads.

The differences between the results of the various years for the private
permanent S-roads may not be randomly conditioned only. The extension
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carried out during the period for such roads, which for the years 1957—1960
is reported at between 2 400 and 3 300 km per annum (24), cannot have any
influence of importance in this context. The variations are likely caused
by the difficulties at the field work to make a correct judgement of the carrying
capacity of the roads, i.e. to make a correct distinction between permanent
roads and other types of roads (e.g. cart roads and main seasonal roads).
It may be a matter of differences in the judgement between various team
leaders, as well as between judgements made by the same team leader at
different occasions. This situation is to be expected since the judgement is
subjective. The members of the survey feams generally lack the local in-
formation that would enable a more correct classification of the carrying
capacity. The difficulty of making a correct classification of the carrying
capacity has been elucidated by Hjelmstrom (10).

Differences in the classification of roads with respect to the road-character
should not have had any decisive influence on the variations between the
inventory results of the various years for the private permanent S-roads.
This statement is vindicated by the good agreement between the obtained
and the computed precision of the inventory results for the public roads
with character S. Since the public roads have been classified as permanent
with extremely few exceptions, the judgement of the carrying capacity in
this case has no influence on the variations between the various yearly
inventory results.

Uniformity in the judgements made at the road inventory, as in the other
registrations in field made by the National Forest Survey, is aimed at by
excursions with the team leaders before the beginning of the field work
season and by inspections of the field work.

The length of private permanent roads with character S presented in
table 14 also includes such roads which have been subject to doubts whether
they are trafficable with heavy lorries even in rainy periods (autumn). The
share of “‘doubtful” roads reported in table 14 is 14—15 per cent of the total
length.

The standard of the private permanent roads may also be elucidated to

Table 22. Hard surfaced width of private roads with character S according to the road inven-
tory.

Total length of roads percentage distributed by various

Part of the country widths (metres) of hard surfaced roads

2025|3035 |40 45| 50| 55] 6.0 Total

North Sweden........... 71 30 31 17 10 2
South Sweden........... 12 | 48 | 28 9 3 0

Jury
<

100
0 0 100

[l V]
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some extent by the surfaced width of the roads which is reported in table 22.
The table shows for the private permanent roads with character S that about
70 per cent of such roads in North Sweden and about 90 per cent in South
Sweden have a surfaced width less than 3.25 metres.

According to the instruction, permanent roads with character S are
roads ‘“which at the intersection pass over forest land or so near forest
land that timber can be hauled to and piled by the road”. These roads thus
affect directly the transport distance from the stump to the road.

By means of the road net densities reported in table 17 summary com-
putations of the mean cross-country transport distance can thus be made
for the various areas of registration. More accurate results are then obtained
if the position of the roads in relation to the forest land they serve is taken
into consideration. The land category on which the intersection between
road and tract side is situated can then give some information.

The registration of the land category at the field work is shown below.

Locatjon of the intersection (Symbol in table 23)
Onforestland. ... ... .. oo S)
farm fields. .. ... o I
otherland....... ... .. o i i 0)
In the border line between
forest land and farm fields............. ... ... ... .. L (S/1)
forest land and other land. .. ....... .. ... ool (5/0)
farm fields and otherland.......... ... ... .. ... ..o (I/0)

The division by land categories between the public and the private roads with
character S is presented in table 23.

Table 23. Public and private permanent roads with character S distributed by land categories
according to the road inventory.

Length of roads, km
Area
Road type . Land category
Total Total
S 1 (e} S/I S/0 I1/0
North Sweden )
Publicroads.......... 20 730| 3560 800 3100 1740 250 30 180
Private roads. ........ 40910 4 200 910 4100| 1580 20 51 720
Total.............. 61640 7760 1710 7 200| 3320 270 81 900
Percent............ 75.3 9.5 2.1 8.8 4.0 0.3 100.0
South Sweden )
Public roads.......... 17 100| 9 000 340 6 990 690 300 34 420
Private roads......... 63 140 | 17 510 540 | 16 340| 1160 340 99 030
Total.............. 80 240 | 26 510 880 | 23 330| 1850 640 | 133 450
Percent............ 60.1 19.9 0.6 17.5 1.4 0.5 100.0
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At the continued computations it has been assumed that roads on forest
land are fed with timber from both sides while roads in the boundary between,
or on, other land categories are fed with timber from one side only; of the
latter roads is therefore counted half the length. Furthermore, it has been
assumed that the mean cross-country transport distance to roads on farm
land and in the boundary between farm land and other kinds of land is
extended by 100 metres in relation to that on forest land.

At the computation the road net adjustment has been given the limit
values 1.35 and 2.00. The cross-country transport distance adjustment has
been assumed to amount to 1.20.

The computation of the mean cross-country transport distance is:

North Sweden | South Sweden

i
!

S-roads, total length, km................. 81 900 133 450

deduction for one-sided cross-country 0.5-24.7- 81900 0.5 -39.9 - 133 450

transport, km...... ... ... ... o oL 100 100
= 10110 = 26 620
“Adjusted Iength”, km................... 71 790 106 830
Forest land area, sqkm .................. 203 882 92 611
““Adjusted road net density’’, m/ha ........ 3.52 11.54
Cross-country transport adjustment........ 1.20 1.20
Road net adjustment .................... 1.35 ] 2.00 1.35 | 2.00
Mean distance on forest land, km.......... 1.151.70 0.35(0.52
allowance 100 m for the land categories I
and /O, km ......... o _&‘?_01_001 20'4.01_002
’ 100 T 100> T2
Mean cross-country transport distance, km . 1.16 | 1.71 0.37]0.54

Under the conditions given above the mean cross-country transport
distance from the stump to the permanent road in North Sweden is cited
at about 1.5 km and for South Sweden at about 0.5 km.

Based on i.a. information in table 18 an analogous computation (however,
only for V-corr = 1.60, T-corr = 1.20) of the mean cross-country transport
distance has been made for the variousregions. The result of this computationis:

Region

I 1 l mr | w | v | 1—v

Mean cross-country transport distance, km| 1.8 1.4 l 0.9 0.4 0.4 0.8

In the northern area the permanent road net is supplemented by the sea-
sonal lorry roads trafficable in winter. If the computation of the mean cross-
country haulage is made with consideration taken to the 2.5 metres of
seasonal lorry road per hectare of forest land reported in table 17, a mean
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cross-country haulage to this combined road net of 0.7—1.0 km is obtained
under conditions equal otherwise.

Primarily in the northern area some transport occurs in the form of cross-
country transport direct to waterways. When the mean cross-country trans-
port distance is sought for such a combined net of permanent roads and
waterways, it should be noted when a permanent road is built within a
short distance from the waterway and along the same that the length of one of
these transport ways only should be included in the computations.

The registration of seasonal lorry roads has also been made in the southern
parts of the country. The results show a very great variation between the
years, the variation being so great as to make the inventory a failure in this
respect. Objective standards of classification for the seasonal lorry roads as
well as the private permanent roads might be required to obtain greater
accuracy in the estimates.

3. Determination of length of main roads within small areas in the prov-
ince of Jimtland

The following presentation is primarily intended to provide an example
showing how the method of estimating the length of a road net by “line
survey” may be used at opportunities other than a national forest survey.
To support similar applications in other cases, the report has been made
rather elaborate.

a) Methods

The maps in scale 1: 100 000 on which the main roads concerned had been
drawn were overlaid with transparent millimeter-graded paper. The line
survey was carried out along lines in both directions, thus along two line
systems at right angle.

The distance between the lines was chosen at 5.0 cm. A line surveyed for
5 km then corresponds to an area of 25/2 sq. km and the length of the line
system per unit of area became 0.400 units of length. When this value was
entered into formula (A 3), each intersection between the road nets and
the line systems is found to represent a length of 3.9270 km.

By means of knowledge of the length of the existing and the planned road
nets being about 9 000 km and 11 300 km respectively in the province, and
on the basis of the approximate formula (11) for the relative standard error
of the road inventory of the National Forest Survey, the line density chosen
was judged to be of precision required.

At the “survey” the number of intersections was recorded with distinction
made between the two systems of lines. Differentiation was then also made
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between four types of main roads, viz. existing public roads respectively
private roads, proposed private roads, and proposed reconstruction of

existing private roads.

b) Results

The total length (km) obtained for the various road types within the
province has been compiled below. The“compilation also includes data on
the roads reported by the provincial forestry committee (25).

Existing roads

Proposed roads

Reconstruction
Public Private Private of existing
) " private roads
Survey........ 4795 4210 2156 157
Committee..... 5100 4000 2100 160

The agreement between the data from the two sources is apparently good.
Information on the distribution of roads by small areas (cf. figure 21)
according to the survey is given in table 24.

Table 24. Length of main roads (km) within small areas in the province of Jdmtland.

Roads Road net Roads Road net
Small Existing Proposed Stall Existing Proposed
area .  |Recon- E?iist- Plan- || area ‘ . Recon- E;{ist— Plan-
Public| I l?rl_ struc-| Mg | med Public l?rl_ 1?“_ strue- | M8 ned
vate | vate s vate vate .
tion tion
J:o 1 125.7 3.9 125.7| 129.6 || J:18 216.0 153.1] 110.0 369.1| 479.1
2 137.44 43.2| 35.4| 3.9 | 180.6| 219.9 19 286.7) 133.5; 121.7 420.2| 5419
3 125.7]1 23.5| 55.0 149.2| 204.2 20 176.7| 192.5 58.9 3.9 369.2| 432.0
4 23.6| 58.9; 74.6 82.5| 157.1 21 125.7| 219.9 70.7 345.6| 416.3
5 62.8| 15.7 51.1| 15.7 | 78.5| 145.3 22 290.6/ 235.6 82.5 526.2| 608.7
6 94.3| 43.2| 314 137.5| 168.9 23 235.6| 310.3| 1453 545.9] 691.2
7 66.7 11.8; 39.3 78.5| 117.8 24 184.6/ 310.2 47.1 4.0 494.8] 545.9
8 90.3| 27.5] 314 117.8] 149.2|| H: 1 200.3 90.3 47.1 200.6; 337.7
9 184.6 | 70.7| 106.0 255.3| 361.3 2 78.5] 145.3 66.8| 43.2 223.8 333.8
10 2474 90.3| 70.7 337.7 4084 3 23.6/ '133.5 66.7; 39.3 157.1) 263.1
11 200.3| 94.2| 66.8 294.5| 361.3 .4 117.8]  188.5 58.9 7.9 306.3; 373.1
12 188.5| 58.9| 137.4 247.4| 384.8 5 78.6] 1924 74.6 271.0] 345.6
13 141.4| 109.9| 58.9 251.3 | 310.2 6 54.9| 302.4 47.1| 23. 357.3| 428.0
14 168.9| 106.0| 58.9 274.9| 333.8 7 62.8) 212.1 43.2|. 11. 274.9] 329.9
15 47.1| 110.0| 90.3 157.1| 247.4 8 106.0 102.1 70.7 208.1] 278.8
16 196.4| 145.3| 78.5 341.71 420.2 {|Whole province
17 455.6| 278.8| 55.0] 3.9 | 734.4| 793.3 | 4795.1| 4209.6] 2 155.9] 157.2 | 9 004.7|11 317.8
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Tig. 21. Map outline of the province of Jimtland showing division into 32 small areas.

¢) Accuracy

The distribution of the number of intersections on each of the two systems
of survey lines for the various types of roads in each small area has provided
a basis for the computation of an approximate formula for the relative
standard error of the road-length determinations. The surveys along the
two nets of lines are considered as two double determinations independent
of each other. The number of intersections in the various cases is reported
in table 25. .

The variance of the sum of the two determinations x; and z, of the same
type of roads in a small area may be estimated at

(T —29)?

Within the area J:1 the estimate of the variance of (20 4 12) intersections
with existing public roads is (20 —12)? = 64,

For the total number of intersections with a certain type of roads, the
estimate of the variance equals the total of the variances in each small area:

of = z(ll = Xp)*

For the 1221 intersections with existirig public roads the estimate is:
of = (20 - 12)2 4~ (17 - 18)? 4. .. + (15 —12)? = 661.00
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Table 25. Number of intersections with herizontal (H) and vertical (V) line system recorded at line survey for
different types of main roads within small areas in the province of Jimtland.

No. intersections No. intersections
Roads Road net Roads Road net
Small | Line Small| Line
area |[system Existing area |system Existing
Pro- | Exist-| Plan- Pro- | Exist- | Plan-
Public Pri- | posed | ing ned Public Pri- | posed ing ned
vate vate
J: 1 H 20 20 20 J:18 H 26 16 14 42 56
v 12 1 12 13 A% 29 23 14 52 66
2 H 17 7 5 24 29 19 H 37 18 16 55 71.
A% 18 4 5 22 27 A% 36 16 15 52 67
3 H 13 4 6 17 23 20 H 25 24 11 49 60
v 19 2 8 21 29 % 20 25 5 45 50
4 H 3 7 11 10 21 21 H 14 32 9 46 55
v 3 8 8 11 19 v 18 24 9 42 51
5 H 8 2 10 10 20 22 H 38 30 12 68 80
v 8 2 7 10 17 % 36 30 9 66 75
6 H 13 5 3 18 21 23 H 29 42 20 71 91
v 11 6 5 17 22 v 31 37 17 68 85
7 H 9 1 5 10 15 24 H 25 42 9 67 76
Y 8 2 5 10 15 A% 22 37 4 59 63
8 H 12 5 4 17 21 H: 1 H 25 9 4 34 38
v 11 2 4 13 17 % 26 14 8 40 48
9 H 24 6 14 30 44 2 H 11 17 13 28 41
v 23 12 13 35 48 v 9 20 15 29 44
10 H 29 12 10 41 51 3 H 1 16 13 17 30
v 34 11 8 45 53 v 5 18 14 23 37
11 H 23 7 8 30 38 4 H 12 23 10 35 45
v 28 17 9 45 54 v 18 25 7 43 50
12 H 23 7 18 30 48 5 H 11 23 9 34 43
v 25 8 17 33 50 v 9 26 10 35 45
13 H 15 16 9 31 40 6 H 8 38 8 46 54
v 21 12 6 33 39 v 6 39 10 45 55
14 H 26 16 10 42 52 7 H 7 30 8 3 45
A% 17 11 5 28 33 v 9 24 6 33 39
15 H 3 15 9 18 27 8 H 15 16 9 31 40
A% 9 13 14 22 36 A% 12 10 9 22 31
16 H 32 22 13 54 67 ‘Whole prov-
Y 18 15 7 33 40 ince H+V [ 1221 | 1072 589 | 2293 2 882
17 H 59 39 8 98 106
v 57 32 7 89 96

The relative standard error of the total number of intersections then
becomes

V661  73.58
100 == ¢
1221 1221 /o
An estimate of the standard deviation per intersection amounting to
73.58 per cent is obtained.
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The estimates of the standard deviation per intersection with the various
types of roads and road nets are:

Number of Standard devia-
0’% intersections [tion per intersec-
x tion, per cent

Existing public roads. . ........ 661.00 1221 73.58
Existing private roads. ........ 593.00 1072 74.38
Proposed roads. .. ............. 245.00 589 64.49
Present road net. ... ........ 1.369.00 2293 77.27
Planned road net. ... ........ 2 438.00 2882 91.97
AVErage ..........ie.iin. | | 76.34

Exploiting the average standard deviation obtained per intersection, we
get an approximate value for the relative standard error ¢ in an estimate
based on x intersections (with one or several systems of lines independent of
each other):

(12) 76.34 76
E= — - R —=
Ve Vz

On an average, the formula gives slightly too high standard errors in the
open systems of roads and slightly too low values in the dense systems. For
the two road systems that constitute the extremesin this respect, the following
estimates are obtained directly on the basis of the survey result, as well
as indirectly on the basis of the approximate formula:

No. intersections Standard error of x in per cent
< Acc. to survey Acc. to formula (12)
Proposed roads....... 589 2.7 3.1
Planned road net..... 2 882 1.7 1.4

It is also possible to establish an approximate formula with improved
adaptation by entering an expression of the density of the road system into
the formula.

Naturally, the relative standard error of the number of intersections
recorded between roads and a line system in a certain case also applies to
the determination of the length of roads which is obtained as a product
of the number of intersections and “‘the survey factor” (3.9270).
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The approximate formula (12) is presented graphically in figure 22. By
means of this presentation an approximate value for the precision of the
road-length determination for instance for separate small areas, and for
groups of such areas, can be obtained on the basis of the number of inter-
sections shown in table 25.

Standard error, per cent
3 25 20 15 10 8 6 5 4 3 2 1

. n L ; . . . )
7 L e m e e T LN S B R T T T e

5 10 20 40 80 80 100 200 400 600 800 1000 5000 10000
No. intersections

Fig. 22. Relative standard error of road length determination at various numbers of
intersections with the line systems. Graphical presentation of the approximate
formula (12).



Summary

The present report deals with some methods of calculating the relationship
between the cross-country transport distance and the road net density, and
procedures to estimate the length of a road net. The methods, which also
apply to transport systems other than roads, are primarily intended for
summary calculations pertaining to large areas such as management units
or parts thereof, districts, catchment areas, and still larger areas. However,
the methods are also partly applicable to small areas such as individual tracts
of felling.

Calculations that require knowledge of the relationship between the mean
cross-country transport distance and the road net density are usually based on
a relationship which applies provided the roads are straight and parallel lines,
the distances between the roads are equal, and the cross-country transport is
straight-lined and perpendicular to the roads.

The first part of the report deals with a method of estimating empirically
the adjustments that should be entered into the function for this *‘theoreti-
cal”” relationship between the mean transport distance and the road net
density in order to make the function applicable to the real conditions of
road nets and transports. An adjustment, the road net adjustment, is then
calculated for the relationship between the “‘theoretical” mean distance and
the road net density of existing road nets. The distance adjustment for cross-
country transport is calculated for the relationship between the distance of
the “‘practical’”’ cross-country course of the road and the ‘“theoretical” one.

The ““theoretical” cross-country distance to the road has been called the
“geometric”’ cross-country transport distance, and it has been defined as the
shortest straight-line distance from a given point to the nearest road.

The estimate of both ““geometric” and “‘practical’” mean distances has been
made after systematic sampling by means of a lay-out of quadratic point
patterns. The points in the patterns have been made points from which the
distances to roads or other transport systems have been measured.

The road net adjustment has been studied on both models of road nets and
maps of existing roads. It then appeared that the road net adjustment varies
as the geometric design of the road net. Thus, it has been shown that the
evenness in the distribution of the roads overthe area is of essentialimportance
for the magnitude of the road net adjustment. An increase in the road net
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adjustment follows an increase in the unevenness of the distribution of the
roads.

It has also been shown that the road net adjustment of a certain road net is
usually changed very little even when the road net density has been raised
considerably by road extension. However, when extension caused a marked
change in the form of the road net, the road net adjustment has changed
rather more clearly.

The investigations of the road net adjustment have also produced empirical
values showing how the area within regions is distributed between various
“‘geometric” cross-country transport distances in relation to the “‘geometric”
mean distance.

Values of the cross-country transport adjustment have been computed
empirically from maps and by combining {ield work and map measurements.

The adjustment has appeared caused by the following conditions:

— Cross-country transports from some parts of a transport area must
often be carried out to some road other than that which is the closest one.

— The timber is usually hauled to special landings on the road side.

-— The “practical” course of haulage deviates from the straight line bet-
ween the point of loading and the landing on the road side.

An investigation carried out by means of a combination of measurements
in the field and on maps produced a correlation to the regression of the cross-
country transport adjustment on the geometric cross-country distance that
was very weak. Under this assumption it should be possible to compute for
an area the cross-country transport adjustment on the basis of relatively few
determinations and to apply the arithmetic mean value to various distances.
However, a clear trend has been obtained to the effect that a decline in value
is associated with longer distances when the cross-country transport adjust-
ment has been computed on the basis of maps only.

A separate section deals with descriptions of how the adjustments of road
nets and of cross-country transports have been entered into the type of
calculations of the road net density reported by Sundberg.

The second part of the report, which contains determinations of the length
of roads, starts with statistics concerning the extent of the road net in Sweden
at various times. It is then reported on a method of determining the length
of roads by random sampling and collection of data. This method is based on
an application of the “Buffon needle problem” described by Matérn.

The method has so far been most important when used at the road inven-
tory annually carried out by the National Forest Survey from 1956 to 1963.
A registration has then been made concerning the number of intersections
between roads and the sides of so-called survey tracts. Classification has
been applied to the various properties of the roads at the intersections.
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The road inventory has been particularly aimed at a determination of the
length of roads that affect the cross-country transport distance. Data on the
total length of such roads have not previously been available.

The inventories of the years 1956—1960 report on data concerning the
length of public and permanent roads of importance for the cross-country
transports. Data have been presented according to their distribution between
the regions I-V used by the National Forest Survey and according to their
distribution between ownership categories within one northern and one
southern part of Sweden. For the northern part has also been presented the
length of seasonal roads travelled by tractor or lorry in winter. The road net
density expressed in metres of road per hectare has also been calculated by
means of areal data. The road net densities calculated in this way have been
used together with assumed values of the adjustments for road nets and for
cross-country fransports in order to compute the mean cross-country tran-
sport distances within various ownership groups and areas of reporting.

In the last section of the work a report has been presented for the estimates
of the length of roads within small areas in the province of Jimtland. The
same procedure, a line sufvey on maps, has then been used as that used at
the road inventory of the National Forest Survey. The report has been made
rather comprehensive in order to make it useful as a guide for other estimates
of a similar nature.
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Sammanfattning

Studier 6ver terriingtransportens lingd och vignitets utbyggnad

Foreliggande redogdrelse aterger i sammandrag innehallet i en licentiatav-
handling i dmnet skoglig arbetsldra, som nagot omarbetad publicerats i rap-
port nr 23 fran institutionen for skogsteknik vid Skogshogskolan.

I avhandlingen redovisas vissa metoder for beriikningar rorande sambandet
mellan tilltransportavstadnd och vigtidthet samt for vigldngdsbestdmningar.
Metoderna, som dger tillimpning dven for andra typer av transportleder dn
vigar, dr i forsta hand avsedda for Gverslagsberdkningar fér stérre omraden
sasom revir eller delar dédrav, distrikt, ddalar och &nnu stérre omréaden. De kan
dock delvis tillimpas dven for mindre omraden sasom enskilda drivningstrak-
ter.

Vid berdkningar, i vilka kdnnedom fordras om sambandet mellan medel-
tilltransportavstand och végtathet, anvidnds i regel ett samband som giller
under forutsittning att vigarna &r linjerdta och parallella, att det inbordes
avstandet mellan dem &r lika samt att transporten i terrdngen (tilitransporten)
dar rak och sker vinkelrdtt mot vigen.

Avhandlingens forsta del behandlar en metodik att empiriskt berdkna de
korrektioner som bér inforas i funktionen over detta »teoretiska» samband
mellan medeltransportavstand och vigtidthet for att denna skall kunna tillam-
pas #dven vid faktiska vidgnéts- och transportférhallanden. En korrektion,
vignatskorrektionen, beriiknas dérvid fér sambandet mellan det »teoretiska»
medelavstandet och vigtitheten vid verkliga vignidt. For sambandet mellan
lingden av den »praktiska» korvigen i terrdngen och den »teoretiskas beréiknas
terrdngtransportkorrektionen.

Det »teoretiskas avstandet i terrdngen till vig har i arbetet bendmnts »geo-
metriskt» tilltransportavstdnd. Detta har definierats som det kortaste fagel-
vagsavstandet fran en punkt till ndrmaste vig.

Uppskattningen av bade geometriska och praktiska medelavstand har skett
i form av systematisk sampling genom utldggning av kvadratiska punktnit.
De i ndten ingdende punkterna har utgjort métpunkter for avstanden till vég
eller annan transportled.

Vignétskorrektionen har studerats bade i modeller av vignét och pa kartor
over verkliga vignit. Dédrvid har det framkommit att den varierar med vég-
nétets geometriska utformning. Det har sdlunda visats att jimnheten i vi-
garnas foérdelning over arealen dr av visentlig betydelse for vigniatskorrek-
tionens storlek. Med ¢kad ojdmnhet i vidgarnas fordelning foljer en stoérre
viagnétskorrektion.

Det har dven visats att vignéatskorrektionen for ett visst vignidt i regel
dndrats endast obetydligt dven nér detta genom utbyggnad erhallit en betydligt
O0kad tdthet. Da utbyggnaden medfért en markerad fordndring av vignétets
form, har dock vignétskorrektionen dndrats mera patagligt.

Vid undersékningarna &ver vignidtskorrektionen har dven erhallits empi-
riska vidrden pa hur arealen inom omraden fordelar sig p4 geometriska till-
transportavstand i forhallande till det geometriska medelavstandet.
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Virden pa terrdngtransportkorrektionen har beridknats empiriskt bade pa
kartor och vid en kombination av filt- och kartarbete.

Korrektionen har befunnits vara orsakad av féljande férhallanden:

— Fran vissa delar av ett transportomrade maste ofta terrédngtransporten

ske till annan vig #n den nirmast beligna.

— Virket transporteras i regel fram till sirskilda lastplatser vid vig.

— Den »praktiska» kérvagen avviker fran fagelvigen mellan palastningsplat-

sen i terrdngen och lastplatsen vid vig.

Vid en undersékning, vilken utférts pa kronoparken Kloten som en kom-
bination av miétningar i filt och pa kartor, har terrdngtransportkorrektionens
korrelation med det geometriska tilltransportavstdndet wvarit mycket svag.
Under denna férutséttning boér man for ett aktuellt omrdde kunna berdkna
terrdngtransportkorrektionen med ledning av relativt f& bestdmningar och
lata det dérvid erhallna aritmetiska medelvirdet gédlla for olika avstand. —
D4 terrdngtransportkorrektionen berdknats enbart pa kartor har déremot en
tydlig tendens till avtagande virde vid ldngre avstand erhallits.

I ett sdrskilt avsnitt har beskrivits och exemplifierats hur végnéts- och
terrdngtransportkorrektionerna inféres i den typ av kalkyler roérande vig-
nétets tédthet som redovisats av Sundberg.

Avhandlingens andra del, som behandlar vagldngdsbestdmningar, inleds
med statistiska uppgifter rorande det svenska vignétets omfattning vid olika
tidpunkter. Direfter har redogjorts for en metodik att bestimma ett vignéits
lingd genom stickprovsmaissig insamling av data. Denna bygger pa en av
Matérn anvisad tillimpning av »Buffons nalproblemy.

Metodiken har fatt sin hittills viktigaste anvandning vid riksskogstaxerin-
gens viginventering, som foretagits aren 1956—1963. Déarvid har en regist-
rering skett av antalet skérningar mellan viagar och sidorna pa de s. k. taxe-
ringstrakterna. Med hansyn till vdgens beskaffenhet m. m. i anslutning till
skdrningspunkten med traktsidan har en klassificering utforts.

Viginventeringen har speciellt syftat till att bestdmma langden av de vigar,
som paverkar tilltransportavstdndet. For den totala lingden av dessa vigar
har uppgifter ej funnits tillgéngliga.

Fran inventeringarna dren 1956—1960, kallad viginventeringen 1956—60,
har bl. a. redovisats uppgifter om ldngden av allménna och enskilda permanenta
védgar av betydelse for tilltransporten. Uppgifterna har givits dels férdelade pa
riksskogstaxeringens regioner I—V och dels férdelade pa dgarkategorier inom
en nordlig och en sydlig regiongrupp. I den nordliga gruppen har dessutom an-
givits lingden av vintertid med traktor eller lastbil farbara s. k. motorbas-
viagar. — Med hjdlp av arealuppgifter har dven vigtidtheten i meter vag per
hektar beriknats. De si berdknade vigtétheterna har tillsammans med an-
tagna viirden pa vignits- och terringtransportkorrektionerna legat till grund
for en berdkning av medeltilltransportavstand inom olika dgargrupper och
redovisningsomréden. ‘

I arbetets sista avsnitt har redogjorts for uppskattningen av vigldngden
inom s. k. smaomraden i Jamtlands ldn. Dérvid har samma metodik, i form av
linjetaxering p& kartor, tillimpats som vid riksskogstaxeringens véginven-
tering. Redovisningen har gjorts relativt omfattande for att kunna tjdna till
ledning vid andra uppskattningar av liknande karaktér.



Appendix

A Method of Estimating the Total Length of Roads
by Means of a Line Survey

by
BERTIL MATERN

The needle problem, the classical problem in geometric probabilities can be described as
follows: A system of equidistant parallel lines is drawn on a sheet of paper. A needle of a
length (a) less than the distance (b) between two neighbouring lines in the system is placed
at random on the paper. What is the probability that the needle intersects the lines?

According to the French naturalist Buffon, the probability is

2 a

n b

Buffon published this solution in 1777 but stated the problem already 1733 (see Castelnuovo,
1925).

Consider a chain consisting of N links, each one with length a. The chain is placed on the
paper so that the position of each individual link in relation to the line system is determined
by a random procedure of the same nature as that governing the position of the needle in
the Buffon problem. The expected number of intersections between the chain and the line
system is then
2 L
@ a b
where L = N :a = the length of the chain. The same result is obtained if instead the
chain is initially placed on the paper and the position of the line system then is determined
by random translation and rotation in relation to fixed coordinate axes.

A simple argument (presented by Barbier in 1860) can explain why the factor 2/x
occurs in formula (1). We consider the limiting case obtained when the links of the chain
are made smaller and smaller in such a manner that the chain is finally transformed to a
circle with a diameter equal to the distance between the lines (b). The circumference of the
circle is L = ;- b, and the circle cuts the lines in two points, irrespective of position. For-
mula (1) also gives the value 2:

Consider then an area with a nefwork of roads with the total length L. If a system of
parallel equidistant lines (at distance b apart) is placed according to a randomly chosen
direction, the expected number of intersections with the road net is 2L/~ -b as in formula
(1). Conversely, let n be the number of intersections between the line system and the net-
work of roads, and form the expression

F11
(2) Y:?'b'n

The expected value of this expression then equals L, or using E for mathematical
expectation:

E(Y) =1L
If the total length of roads is unknown, we thus have a possibility to estimate it by com-
puting Y.
‘We can also write:
n n
(3) Y=75'7
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where f is the total length of the line system per unit area. (In the case now discussed
t = 1/b). The formula E (Y) = L also applies in the case of two line systems at right
angles. It is also applicable to the fract sides of the third National Forest Survey which
form a system of fragments from two line systems at right angles. In these cases we only
have to substitute for ¢ in formula (3) the value which corresponds to the form of survey
concerned.

The formula E (Y) = L applies if the direction of the line system is determined af random.
In other words, the average value of Y for a very great number of systems with different
directions equals L. For an individual system, however, ¥ may considerably deviate from
L even if the lines of the system are spaced very closely. This situation may occur if the
road net is located in such a way that most of the roads run in the same direction. How-
ever, the bias is considerably reduced if we have two systems at right angles, or fragments of
two systems of this kind. This statement can be proved by formulas but it is perhaps
better to illustrate it by some examples. The examples have been obtained by placing line
systems on maps and by counting the number of intersections with some net of railways
or roads.

Estimated length in kilometres
Length
gccorc}mg Formula (2) and line
Example to curve- system in
meter Both
km systems
W-E N-S
Province of Jamtland
Raillways. .o oo e 732 738 746 741
Mainroads....................... 1835 1 806 1 885 1846
Province of Goteborg and Bohus
Railways............... ... .. ... 290 330 259 295
Isle of Oland
Railways. ...t 146 192 90 140
Province of Malmohus
Railways........... ..ot 868 793 911 852
Total .......... .. . 3871 3 859 3 891 3874

As shown by the examples from the province of Goéteborg and Bohus, and the isle of
Oland, an one-sided orientation of the roads may lead to rather biased estimates if only
one line system is used. No essential bias in estimating the road length has been encountered
with two line systems at right angles, neither in the examples shown above, nor in other
investigations not reported here.

If the surveyed line length in an area is small, large sampling errors may occur in the

estimate of the total length of roads. This statement can be supported by an example. On
a map of Ostergétland, 15 different systems of survey tracts were laid out, each system
having an extent equal to that of the annual set of survey tracts in the third National
Forest Survey. The number of intersections between the different systems and the public
roads shown on the map amounted to (the values arranged according to magnitude): 40, 42,
42,43, 46, 47, 50, 50,57, 57, 58, 58, 60, 62, 69. Using these observations, we then find for the
relative standard error of the total length of the roads the estimate 17 per cent. This
standard error applies to the estimate of road-length based on one year’s tracts.
Postseript 1964. The investigations reported above were carried out in 1956, The author has
briefly commented on the problem in a paper published in 1959. As mentioned in that
paper, the theory of geometric probabilities has been applied to the estimation of the
average fiber length (Backman 1934, Kilpper 1949, Kane 1956, Kallmes & Corte 1960)
in a way analogous to the procedure described above.

For a more general discussion the reader is referred to an interesting paper by Steinhaus
(1954) and the recent monograph Kendall & Moran (1963).
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