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ABSTRACT

In Finland, the number of nurseries has been decreas-
ing year by year, and it seems probable that in the near
future this trend will continue. It can be assumed that
greater economies of scale could also beachievedin Finn-
ish seedling production by enlarging the size of produc-
tion units [9, 10]. The management strategies used by a
nursery company for long-distance seedling transporta-
tion were compared with different all ocations of seedling
production among nurseries. To determine the optimal
transportation costs in different strategies for seedling
production and planning of long-distance transportation,
linear programming (L P) was applied. To manage spatial
information, ageographical information system (GIS) was
used. The current development towards seedling trans-
portation managed by nursery companies seemsto have
marked advantages in the cost-effectiveness of trans-
portation. Therelativeimprovement in cost-effectiveness
caused by centralized transportation strategy (CTS) com-
pared to decentralized transportation strategy (DTS),
which isthe mostly used strategy in seedling transporta-
tion planningin Finland, varied from 13.0% to 36.5%, de-
pending on the number of nurseries and the degree of
specialization of production among them. These results
will be useful for nursery companies and forest owners’
associations (FOAs) when they evaluate the cost effects
of production allocation, product specialization and sys-
tems of transportation management.
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INTRODUCTION

In many branches of industry, the economics of scale
has led to larger production units [e.g. 1]. It can be as-
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sumed that greater economies of scale could also by en-
larging the size of production units[9, 10]. In Finland, the
number of nurseries has been decreasing year by year,
and it seems probable that in the near future this trend
will continue. Finnish nurseries have traditionally been
quite small, producing 3-10 million seedlings per year.
Nurseries have mainly served local customers, and their
production has been divided among many types of seed-
lings. For the sake of comparison, in northern Sweden
seedling production is concentrated in very few nurser-
ies and fewer seedling types are being produced. Al-
though in Finland, development has also been in this
direction, most nurseries are still rather small and the
number of seedling types produced is large. A decrease
in the number of nurseries unavoidably causes an in-
crease in total transportation costs. Thus, to obtain as
much advantage as possible from lower production costs,
more information about the effects of production con-
centration on transportation costs, and the development
of systems for transportation control and planning of
transportation are required.

Linear programming (L P) iswidely used in transporta-
tion planning [e.g. 6]. In forestry, optimization of trans-
portation has naturally been related to timber transporta-
tion and, more widely, to timber procurement. Standard
LP and its variations have been applied to timber pro-
curement problems, wherethe goal has been to find opti-
mal timber flowsfrom procurement areasto mills[8]. Plan-
ning of seedling transportation with L P requires asome-
what different approach, but in somewaysisalso similar
totimber transportation. Laakkonen [3] applied LPtothe
distribution of regional demand for seedlingsamong nurs-
eries. During the implementation of that study, govern-
mental organizations (Central Forestry Board, District
Forestry Boards and National Board of Forestry) owned
most of the nurseriesin Finland. Today, the nursery busi-
ness has been privatized. Most of the companies are op-
erating as limited companies and usually owning more
than one nursery. The customers of these companies are
usually non-industrial private forest (NIPF) owners due
to their dominance in the ownership of Finnish forests.
Few NIPF owners located near nurseries acquire their
seedlingsdirectly from nurseries, but usually Forest own-
ers associations (FOAS) or nursery companies deliver
seedlings to the central seedling stores of the FOAs.
Today, however, the modes of operation for long-distance
transportation of seedlings seem to be quite varied, and
research is needed to find the most cost-effective appli-
cations.

In this study, seedling transportation of anursery com-
pany was optimized in various business circumstances.
Optimal costsfor seedling transportation were compared
in two strategic dimensions: firstly, centrally planned
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transportation by the nursery company was compared
with decentralized transportation organized by the cus-
tomers who order the seedlings from the nearest nursery
unit independently of other customers. In practice, de-
centralization |eads to a situation where, due to difficul-
ties in growing seedlings economically to meet the de-
mand in a certain market area, internal transportation is
needed between the nursery units of a company. The
second dimension studied was related to the number of
nurseries used for seedling production and the strategy
of allocating production among nursery units. The aim of
this study wasto quantify the effect of different manage-
ment strategies for seedling production and transporta-
tion planning on the total costs of long-distance trans-
portation in a nursery company. At the same time, aLP
model isintroduced asatool for planning seedling trans-
portation.

MATERIAL ANDMETHODS

Theseedling-production and transpor tation-
management strategiesstudied

The wide range of seedling types was compressed to
thefive most important: two types of container spruce (1-
year and 2-year), bare-root spruce (2- to 4-year), con-
tainer pine (1-year), and container birch (1-year). Thefol-
lowing strategies for seedling production were used in
this study (Table 1).

In strategies S1 and S3 all nursery units produced equal
numbers and proportions of the 5 seedling types. In
strategy S6 the whole production was concentrated to
one large nursery. In strategy S2 five nursery units
produced seedlings according to the current practice of
the company studied (Table 2). Production allocationsin
strategies S4 and S5 are presented in Table 3.

Production strategies S1, S3 and S6 are rather theoretical
situations. Strategies S4 and S5, on the other hand,
describe potential situations in the near future. In all
production strategies, the total number of seedlings
produced was constant (27 million). The customers
closest to the nurseries were supposed to pick up their
seedling orders themselves directly from the nurseries.
Therefore the number of seedlings in long-distance
transportation (23.85 million) was lower than the total
number of seedlings produced.

Thetwo alternative strategi es concerning management
of seedling transportation were;

1) Transportation planning and management are
centralized (CTS). Here LP was applied asatool for
planning long-distance transportations.

2 Each customer acquires seedlings individually from
the nearest nursery unit (DTS).

Table 1. Seedling production strategies used in this study.

Srategy S1 S2 S3 S4 S5 S6
Number of nursery units 5 5 3 3 3 1
Number of seedling types produced

in one nursery unit 5 45 5 35 23 5
Degree of product specialization None Smdl None Medium High —
Table 2. The current production allocation of the company studied (strategy S2).
Strategy 2 Nursery 1 Nursery 2 Nursery 3 Nursery 4 Nursery 5 Total
Spruce (1-year) 4,000,000 1,000,000 1,000,000 500,000 2,000,000 8,500,000
Spruce (2-year) 3,000,000 2,500,000 1,500,000 500,000 1,000,000 8,500,000
Spruce (bare-root) 1,000,000 0 1,000,000 0 0 2,000,000
Pine(1-year) 1,000,000 1,000,000 1,000,000 500,000 1,000,000 4,500,000
Birch (1-year) 1,000,000 500,000 500,000 500,000 1,000,000 3,500,000
Total 10,000,000 5,000,000 5,000,000 2,000,000 5000000 27,000,000




International Journal of Forest Engineering ¢ 67

Table 3. Production-specialization strategies S4 and S5.

Srategy A Nursery 1 Nursery 2 Nursery 3 Nursery 4 Nursery 5 Total

Spruce (1-year) 5,000,000 0 1,000,000 0 2500000  8500,000
Spruce (2-year) 3,000,000 0 4,500,000 0 1,000000  8500,000
Spruce (bare-root) 1,500,000 0 0 0 500,000 2,000,000
Pine(1-year) 500,000 0 3,000,000 0 1,000000 4,500,000
Birch (1-year) 1,500,000 0 0 0 2000000 3,500,000
Total 11,500,000 0 8,500,000 0 7,000,000 27,000,000
Srategy S5 Nursery 1 Nursery 2 Nursery 3 Nursery 4 Nursery 5 Total

Spruce (1-year) 5,000,000 0 0 0 3500000  8500,000
Spruce (2-year) 4,500,000 0 0 0 4000000  8500,000
Spruce (bare-root) 0 0 2,000,000 0 0 2,000,000
Pine(1-year) 2,000,000 0 0 0 2500000 4,500,000
Birch (1-year) 0 0 3,500,000 0 0 3,500,000
Total 11,500,000 0 5,500,000 0 10,000,000 27,000,000

the nearest nursery unit having an overcapacity of those  constant, regardless of the seedling production strategy.
types of seedlings. After seedlings are transported  In other words, in order to keep up the current level of
internally, thewhole order canbededliveredtothecustomer.  service, the current five unitswill remain as sale and depot
Because all the seedlings aretransported fromthenearest  locations, even if production there is abolished. In the
nursery, the total external transportation costs are  CTS, thereisno need for internal transportation.

4 Nursery unit
Road

100

Kilometers

Figure 1. Main marketing areaof studied company © Genimap Oy.
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Utilization of GIS

Themain marketing areaof areal Finnish nursery com-
pany and the locations of its nurseries were chosen asthe
geographical basis of the study (Figure 1). The area con-
tained five nursery units owned by the company studied
and seven medium- or large-scale nursery units owned by
other companies. The customers of the company within
the marketing areawere located according to areas of the
municipalities, which in many cases correspond to the
areas within which FOA operate. Fewer customers were
located in those areas containing alarge number of small
private seedling producers, for instance, in the eastern
part of the study area. Potential customers|ocated within
a30-kilometer radius of nurseries owned by other compa-
nies were excluded from the study. A vector-based net-
work of main roads and araster-based map managed with
the ArcView 3.2 geographical information system (GIS)
were used as tools for measuring the shortest transporta-
tion distancesfrom the nurseriesto the customers. In prac-
tice, main roads used in long-distance seedling transpor-
tations are so homogeneous that here the cost-effect of
thedifferences between different road classeswasignored.
The eastern side of the road network is bordered by a
national boundary. A situation in which the optimal route
between nursery and customer would go out of the net-
work seemsvery improbable.

Transportation costsand capacities

To obtain information on the seedling trade and on trans-

portation practices, nursery managers, FOA officialsand
transport company managers were interviewed. Thisin-
formation was used to estimate transportation costs (Ta-
ble 4) and the capacities (Table 5) of different transporta-
tion vehicles. Fixed costs (Table 4) were calculated onthe
assumption that the external transportation company
owned the vehicles used for transportation. Thus, al ve-
hicles were assumed to work year round and only a cer-
tain part of the fixed costswas assigned to seedling trans-
portation.

Seedlingdemand

Thedistribution of seedling demand was also estimated
on the basis of the interviews of nursery managers, be-
cause no precise data on seedling markets was available.
The total demand for the various seedling types was de-
termined to correspond to regional regeneration statistics
produced by the Regional Forestry Centers. The figures
used herefor demand included only customers (88.3 % of
the total production) that required long-distance trans-
portation (Figure 2). Customers very close to a nursery
typically pick up their seedlingsthemsel ves and transport
them directly to the regeneration areas. Such customers
wereexcluded fromtheanalysis. Thematerial included 51
customers. Seedling demand per customer varied between
100000 and 1100000 seedlings, the average being 470,000.
The smallest number of seedlings of a certain seedling
type ordered by a customer was 50,000.

Table 4. Transportation costs, including labor costs, for each type of vehicle used in this study.

Typeof cost Truck with Pickup Ddlivery Passenger Agricultural
atrailer truck van +trailer car +trailer  tractor +trailer
Terminal (US$/load) 1081 563 16.7 167 307
Fixed (USH10ad) 1208 276 48 39 75
Variable(USHFkm) 062 052 0.38 040 123
Table 5. Transportation capacity of each vehicle type used in this study (seedlings/load).
Typeof seedling Truck with Pickup Ddivery Passenger Agricultural
atrailer truck van +trailer car +trailer  tractor +trailer
Spruce (1-year) 150,000 60,000 15,000 6,000 15,000
Spruce (2-year) 100,000 40,000 10,000 4,000 10,000
Spruce (bare-root) 75,000 30,000 7,500 3,000 7,500
Pine(1-year) 100,000 40,000 10,000 4,000 10,000
Birch (1-year) 75,000 30,000 7,500 3,000 7,500
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Figure 2. Distribution of the seedling demand in this study.

L P-modd

To explorethe effects of different production and trans-
portation strategies, minimization of long-distancetrans-
portation costs was set as an objective of the study. Trans-
portation costs depended on the volume of seedlings
transported, type of seedlings, transportation distance
and type of vehicle used for transportation. In the LP
model, presented bel ow, transportation costs were based
on full vehicle loads. Thus, transportation costs were as-
sumed to depend linearly on transportation distance. In
reality, itisusually not possibleto transport the seedlings
ordered by each customer only in full vehicleloads. This
would lead to the problem of non-linear optimization, which
wewanted to avoid here. After linearization of transporta-
tion costs, the LP-model wasformulated asfollows:

Min 2 = 2 2 > Zchzkxhyk @

=1 j=l k<

Where  hie = #ii + ﬁz‘ + S5 Vi @
Subjectto:  Non-negativity:
=
X = 0 €)

Customer orders:

Vi k
@

Production of seedling typesat thenurseries:

Z Z Xrisk = pl'.i'"

h=l k=1

i, j o

Thefollowing symbols are used:

h refers to the transportation vehicle
i refersto the seedling type

j refersto the nursery

k refersto the customer

Z = total transportation costs of the nursery company

Chljk =the unit cost for seedling type i transported from
nursery j to customer k by vehicle h

t. = terminal cost per seedling typei for vehicleh

hi

f, = fixed cost per seedling typei for vehicleh
v,; = variable unit cost for seedling type i transported
by vehicleh
S, = transportation distance from nursery j to customer
k
= theamount of seedling typei transported from nurs-
ery j to customer k by vehicleh
d, = theamount of seedling typei ordered by customer
k
P, = the production capacity of seedling typei in nurs-
eryj

huk

The model consisted of 6375 variables and 280 con-
straints. The LP problems were solved with What's Best!
5.0 solver run with the Microsoft Excel 2000 spreadsheet
[17].
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In both strategies, it was assumed that customerscould
order all types of seedlingsfrom the nearest nursery unit.
Therefore, inthe DTS, the nursery company must arrange
internal transportation for the missing seedling typesfrom

RESULTS

Cost calculations showed that, when relatively large
numbers of seedlings were transported long distances,
transportation by pickup truck, delivery vanwith atrailer,
passenger car with atrailer or tractor with atrailer was
more expensive than transportation by truck with atrailer.
In other words, truck with a trailer was the most cost-
effective vehiclefor transporting seedlings more than 32

Long-distance transportation
cost per seedling (index)

kilometers (Figure 3). Becauseall transportation distances
inthe model input exceeded 32 kilometers, the only vehi-
cle appearing in the model output was the truck with a
trailer. It should be noted that the costs in Figure 3 are
based on full loads and all-year usage of the transporta-
tion vehicles.

To analyze the effect of seedling production and long-
distance transportation strategies on transportation costs,
twelve experiments were carried out. The current situa-
tion (strategy 2) with five nurseriesusing DTSwas set as
thereference value (100) for the comparisons. Theresults
of these comparisons are presented in Figure 4 and Fig-
ure 5. The demand for seedlings was constant and the
customers the same throughout the experiments.

— tractor

—#%— passenger car
—— delivery van
—8— pickup truck

—— truck with a trailer

1] a0 100 150

200

Transportation distance (km)

Figure 3. Cost curves inciuaimg Lernmina, 1xeu ana varianie costs 1 or seeuning uansportauon wiu 1ully loaded vehicles.
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Figure4. Effects of number of production units [production strategy number in brackets] on costs of long-distance

transportation.



A decrease in the number of nursery units raised the
total transportation cost due to an increase in the total
transportation distance (Figure 4). The increase in cost
was much smaller when CTS was applied to transporta-
tion planning. In this study, with the assumption of linear
proportion of transportation cost and distance, the cost-
effectiveness of CTS compared to DTS was the conse-
guence of the shorter total transportation distance the
company had to execute. In general, a centralized trans-
portation strategy decreased transportation costs from
13.0%to 36.5%, depending on the production strategies
of the nurseries. For instance, in the case of equal alloca-
tion of seedling production among nurseries, reduction
in the number of nursery units from 5 to 3 increased the
transportation costs by 42.4% when DTS was applied
and by only 12.5% when CTS was used in planning of
transportations. The advantagesof CTScomparedto DTS
were greatest when al production was focused on one
nursery unit. It should be noted that a decrease in the
number of nursery units means only putting an end to
production, so that the original 5 units will continue as
sales and storage sites.

The production strategy for three nursery units was
selected for closer analysisin order to determine the ef-
fects of product specialization on transportation costs.
To determine these effects three different strategies for
allocation of seedling type production were studied. Stud-

160
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ied strategies (3, 4 and 5) are presented in the material
part of this study (Table 2 and Table 3). The same com-
parison as above was made for CTS and DTS. The cur-
rent situation of 5 nursery units with small product spe-
cialization (strategy 2) wasused asareferenceindex. The
results of these comparisons are presented in Figure 5.

When the degree of product specialization increased,
transportation costs also increased. The difference be-
tween no product specialization and high degree of spe-
cialization (Table 4) was 10.1% when CTSwas used and
13.2% when DTS was applied (Figure 5). Thus, the in-
crease in specialization slightly emphasized the advan-
tagesof CTS.

DISCUSSION

In Finland, the current devel opment towardslarger nurs-
ery units and seedling transportation organized by nurs-
ery companies seemsto be very reasonable. Centralized
planning of transportation makes it possible to optimize
larger entities, thus leading to savingsin transportation.
In this case, a decrease in the number of nursery units
from the current 5 (small degree of product specializa-
tion) to 3 (medium degree of specialization) increased the
total transportation costs by 13.5 % when CTS was used
in planning transportation and by 35.6 % when DTS was
applied. The cost index for the first-mentioned current

140
120

100

B0 -

Cost index

B0 H -

a0 H -

- I W External transp.

@ Internal transp.

CTS DTS
None[3]

CTS DTS
Medium[4]

CTS DTS
High[3]

CTS DTS
Smdl[2]

Figure5. Effects of products specialization [production strategy number in brackets] on long-distance transportation

costs.
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situation (DTS) was 100 and for the latter situation of 3
nursery units (CTS) it was 93 (Figure 5). Thus, according
to this study, the centrally planned seedling transporta-
tion for 3 units could become even cheaper than trans-
portation from the current 5 unitsby applying DTS. Within
the company, the effect of level of product specialization
on transportation costs was not as great as the effect of
number of nursery units (Table 6). The production strat-
egies presented here are the views of the authors and do
not reflect the policy of the company studied.

Table6. Impact of production strategy on differences be-
tween CTS and DTS methodsin terms of trans-
portation cost.

Production strategy Cogt
difference
between
Number of Degree of product CTSand
nursery units specidization DTS, %
5 None 13.0
5 Small (current) 18.0
3 None 313
3 Medium 31.4
3 High 33.1
1 — 36.5

In this study, decreasing the number of nursery units
only means focusing production on fewer units as the
former production locations will remain in use as sales
and storage sites. In practice, a decrease in number of
nursery unitsmay dlightly increase the proportion of seed-
lingstransported long-distanceinthe CTS. Thisincrease
would consist of seedling orders to areas near abolished
production units. Taking this increase into account may
dlightly reduce the advantages of CTS.

Naturally, evaluation of the optimal production and
transportation strategies for anursery company is much
more complex than merely cal culating transportation costs.
First of al, the savingsin costs achieved by amore effec-
tive system for managing transportation should be com-
pared to the costs of acquiring, maintaining and using
the system. Correspondingly, increased transportation
costs caused by longer transportation distances with a
smaller number of nursery units should be compared to
the economic advantages achieved by larger production
units. Nevertheless, according to thisstudy and [9, 10], it
seems that current development towards larger size of
production units gives marked advantages from the stand-
point of production cost-effectiveness; and an unneces-
sary increase in transportation costs could be avoided
due to better planning of transportation.

Linearization of transportation costs might cause a
slight underestimation of the total costs. Thisis mainly
dueto the assumption of full vehicleloads. I n these theo-
retical calculationsthelast load to each customer israrely
full. Dueto linearization, the transportation cost of seed-
lingsinthat last load is the same as the cost of the other
seedlings transported to the customer. Nevertheless, we
can assume that, in practice, severa last loads can be
combined and delivered to customers at the same time.
Recent surveys in Finland have indicated that, on aver-
age, thetotal logistic costsaccount for ca. 10% of acom-
pany’s turnover. Typically, transportation makes up ca.
40% of thetotal logistic costs[2]. In this study, depend-
ing on applied production and transportation strategies,
operative optimized long-distance transportation costs
varied between 1.6 — 3.1% of the nursery company’sturno-
ver.

Seedling production at nurseries can be directed to
meet the forecasted demand in their marketing areas by
using, for example, time-seriesdataand harvesting statis-
tics. In any case, growing tree seedlings in NIPF-domi-
nated forestry is a production process in which produc-
tion starts at least one year before the final demand for
seedlings is known. To meet the regional demand, there
can be some adaptation by transporting half-finished
seedling material between nursery units. Seedling trans-
portation islogistically challenging. Typical for seedling
transportation are short periods of operation related to
seasons and aneed for special equipment. McKinnon [6]
pointed out that physical distribution isincreasingly be-
coming a specialist service that manufacturers purchase
from outside agenciesrather than organizing themselves.
In this study, it was assumed that the transportation was
purchased outside the company. Thus, all vehicle types
were in productive work year round, and the fixed costs
were not directed only to seedling transportation.

The results of this study are encouraging for long-
distancetransportation of seedlingsby truck with atrailer.
Thisis mainly due to the superior transportation capac-
ity of truck and trailer combinations. Nevertheless, the
transportation costs of truck with a trailer and pick-up
truck were quite similar, and for both of these vehiclesthe
sum of terminal and fixed costswascrucial. Thus, interms
of cost-effectivenessthe order of thesetwo vehiclesmight
be sensitive to changes in cost calcul ation assumptions.
The competitiveness of other vehicle types could beim-
proved primarily through technical innovations that in-
crease the transportation capacity. The results presented
inthis paper describe mainly thetactical level planning of
transportation. It was assumed that seedlings transported
long distances were shippedto FOA intermediate stor-
age areas. Transportation from temporary storageto end-
use areas is also needed. In practice, the interface be-



tween long-distance transportation and transportation
to regeneration areasisindefinite: many of the seedlings
can be transported directly from nurseries to regenera-
tion areas. When seedlings are transported directly to
regeneration areas, the unit size of each consignment
would be much smaller than the units used in this paper.
To distribute the seedlings to end-use areas as cost-ef-
fectively as possible, the convenience of each vehicle
type should bere-evaluated. The applicability of vehicle-
routing algorithms also needs to be studied.

Results of recent summer-planting studies with birch
and spruce container seedlings have been promising [4,
5]. Thus, it seems that planting during the growing sea-
son will also become more common in the future. This
development would lengthen the period of seedling trans-
portation and bring the time factor to transportation op-
timization. Inthiscontext, dynamiclinear programming
[7] may become auseful method for solving tactical prob-
lems in seedling transportation. Further research is also
needed to estimate the effects of linearization of the LP-
model and applicability of morerealistic methodsfor plan-
ning seedling transportation, such as integer-program-
ming.
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