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INPUT-OUTPUT MODELS FOR
ECONOMY-ENERGY-ENVIRONMENT ANALYSIS OF
TOURISM-RELATED BUSINESSES IN A NATURAL PARK

V. ALBINO - S. KUHTZ!
Politecnico di Bari, Italy — Universita della Basilicata, Potenza, Italy

The analysis of relationships among socio-economic activities and the envi-
ronment is fundamental to plan a sustainable development. In the present
work an Input-Output (I-O) analysis based upon production processes is
used to estimate energy and material flows (including pollutants/waste) in
the supply chain of tourism-related activities based in a recently established
Italian natural park (Pollino natural park). Tourism is a sector of utmost
importance for present and future development policies of the park, there-
fore monitoring energy use and pollution levels in this sector can be useful
for the sustainable development of the area. In particular, flows of energy
necessary to lodging activities (hotel supply chain) are investigated and con-
sequent production of pollutants evaluated. An increased need of energy due
to the growth of tourism demand may cause an increment of pollution. The
J-O model formulated herein enables to examine the local supply chains of
the main lodging companies already existing in the park, and allows to bal-
ance positive and negative impacts caused by future tourism development
and economy-energy-environment interactions.

1 Introduction

The economic impact of tourism-related businesses is remarkable. The World
Travel and Tourism Council (The Economist, 1998) estimates that the total
1996 economic value of goods and services attributable to tourism was 10.6%
of the gross global product. In 2000 Europe holds still the 50% of the whole
market (I Sole 24 Ore, 2000). In Italy the economy linked to tourism repre-
sents the 5.7% of the added value, the 11% of total consumption and counts
above 1 million and 600 thousand employees (Beato, 1999). The importance
of tourism as an area of academic investigation (see for example, Gonzales
and Moral 1996; Borooah, 1999) stems in fact from the large contribution
that it makes to the national income of several countries and the poten-
tial that it offers for generating output and employment growth. Generally,
these studies deal with two main aspects: demand growth and infrastructure
growth. In fact, the development of tourism-related activities may push lo-
cal development and in particular that of rural areas with employment rates
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much lower than the national averages, i.e. almost all the Mediterranean
area. But unplanned development of tourism may spoil the nature, so the
question about environmental aspects (e.g., increased pollution and waste
materials) arises.

Sustainability has gained considerable momentum as the main basic ground
for development programs (Kyoto Protocol, 1997) and recently within this
framework new forms of tourism-related activities have started to grow, i.e.
sustainable tourism.

The problem deepens when these activities are based in natural parks
where it is necessary to protect the environment, to favour local socio-economic
development and to keep traditions alive. It is then strategic to plan the de-
velopment of tourism-related businesses in a natural park in the more general
and cogent framework of a sustainable development that complies with cer-
tain constraints (Migliorini et al., 1999). Besides, parks themselves should be
considered as models and laboratories of a global sustainable development.
They prove that it is possible to develop profitable activities (also based
upon naturalistic values) and at the same time to protect the environment
(Giuntarelli, 1998). To put sustainable development into practice it is neces-
sary to explore how economic and social activities interact with the environ-
ment and influence each other. In particular, relationships among economy,
energy and environment (Uno, 1998) and the policies for local development
should be analysed although their investigation may be very complex. In
the face of such complexity, models based upon input-output approach may
provide tools that allow to deepen the understanding of flows relationships
both in micro-scale and macro-scale regions (Ayres, 1978).

In this paper, the I-O approach as proposed by Albino et al. (2000), is
applied to the supply chain of tourism-related activities to analyse the impact
on the environment of material and energy flows entailed by tourism-related
processes located in a natural park and to plan in advance which tourism-
related activities and which type and intensity of such activities may be
allowed.

2 Input-output models for supply chains

Input-output technique has been typically used to analyse the economic struc-
ture of regions in terms of economic flows between sectors (Leontief, 1951).
Herfindhal and Kneese (1965) approached the resource/environment inter-
face from an economic perspective. Later Cumberland (1966) suggested the
extension of conventional I-O models to incorporate environmental factors in
analysing regional development strategies. Leontief (1970) published a for-
mulation of the extended I-O model to include both residuals generation and
abatement activities.

Input-output can also be used for enterprises (termed Enterprise Input-
Output (EIO)). In Italy, for example, a project was developed to forecast at
a sectoral level the macroeconomic effects of the Italian conglomerate IRI,
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on the Italian economy and especially on southern Italy regions. Through
I-O techniques IRI’s internal structure and its influence on the outside was
studied (La Noce et al., 1993).

Recently, Lin and Polenske (1998) used an input-output approach for
enterprises based on production processes, where the production system of
a company is composed of interrelated production processes that combine
factor inputs to produce outputs, and developed a specific I-O process model.

Using a similar approach Albino et al. (2000) have formulated input-
output models to map production activities, to interrelate and estimate flows
of energy and materials, including use and consumption of fuels and produc-
tion of pollutants within supply chains. Defined a production process as the
transformation of input flows in output flows, both global and local supply
chains have been modelled therein. In particular, a global supply chain was
considered as the network of processes that procure raw materials, transform
them into intermediate goods and then final products, and deliver the prod-
ucts to customers through a distribution system. For a given supply chain the
relationships among all processes (global) as well as among processes located
inside (local) and outside a given area can be analysed and modelled.

Consider a given geographic area and the supply chain related to a final
product. The input-output approach can be used to analyse the flows (of raw
materials, energy, products, pollution, imports and exports) relative to the
chosen supply chain that take place inside the region, or which, at the most,
cross its borders. This is the case of a local supply chain.

In this case, the model permits to investigate local processes interdepen-
dencies as well as the relationships among local processes and processes of
the supply chain directly connected to them through the border line.

The input-output approach based on production processes, as described
in details in Albino et al. (2000) can be used: i) to recognise functional
relationships among flows of processes in a local supply chain, ii) to determine
the processes that contribute more to environmental pollution, and, iii) to
evaluate how one can change the input mix or the imports rate (for instance of
energy sources) in order to respect environmental constraints (e.g., to reduce
pollution, keeping other output flows constant).

3 Input-output model for tourism-related busi-
nesses

Any tourism-related business can be described as a supply chain. It can be
composed of a variety of processes which can be treated as the production
processes described in the previous section and represented via physical flows
as in Figure 1 where a simplified two processes supply chain is presented;
boxes represent processes and arrows represent flows.

For example, to give accommodation (and other services for tourism) is
lLerein cousidered a process that produces outputs (e.g. tourists accommo-
dated per year) due to various inputs (e.g. energy inputs to run the activity,
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tourists that look for accommodation, food, etc.). All the typical hotel pro-
cesses which range from accommodation to catering, all the processes needed
to produce food (e.g., bakeries, dairy farms), guides, banking services and
other activities are systems that produce main product outputs due to var-
ious inputs. In order to have a tool simple to use a main hypothesis is set:
only one main product (X;) per process is allowed.

Pollution output Pollution output
PROCESS P | PROCESS =
1 Main Product 1 output/input 2 Main Product 2 output

ENEREN IR ENERGY INPUT

Figure 1. Simple scheme of a two-process supply chain

In particular, the supply chain of a hotel which provides accommodation
in a natural park can be effectively analysed using a specific input-output
process model.

"The following notation is used in order to write balance equations for the
different flows. Z;; indicates the main product output of the i-th process, Z;;
i # j is the fraction of the i-th process output to the j-th process, Y; is the
fraction of the é-th process output which may be sold outside the local supply
chain (final output), Py; is the purchased input (e.g., raw materials) of type
k to the j-th process, M;;, is the import of the same main product produced
by the i-th process to the j-th process, Wi, is the output of by-products
and unwanted materials (i.e. waste, pollution, by-products or energy and
materials residuals generated in production processes) of type k to the J-th
process.

In matrix notation:

Z = [Z;;] = Production and intermediate consumption of main products;
A = [A;;] = Direct input-output coefficients for main product outputs;
.P = [Psj] = Purchased inputs;

W = [Wi;] = Output of by-products and unwanted materials;

X =[X;] = Z;; = Gross outplit of main products;

Y =[Y;] =37, Z;; = Final output of main products;

M=M= >_; My; = Total imports;

P=[p)=> ; Pkj = Total consumption of purchased inputs;
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W = [Wi] = 3, Wi; = Total output of by-products/waste;
V = [Vi;] = Primary inputs (in this work k = labour employment);
V = [Vi] = 3=, Vk; = Total labour employment required.

It is possible to estimate direct input-output coefficients A;;, referred to
all the input main products of type 7. For i # j the direct input-output
coefficient A;; can be defined as the ratio of the total input, sum Z;; + M;;
(if there are imports) to the total output of the j-th process. A;; can be
estimated using actual data related to a given supply chain; in the model it
is assumed constant over time (i.e., the input requirements for each process
are assumed to be an unchanging characteristic of the production technol-
ogy). So, if the gross output of the j-th process X is considered, the direct
coeficient can be expressed as:

Zij + Mij = Aij X (1)
and in matrix notation:
Y+M=A-X

let Aj; equal to one. Also purchased inputs (e.g. energy inputs, raw mate-
rials), pollution outputs and primary inputs (i.e., labour employment) can
be expressed in terms of direct input-output coefficients, By;, as the ratio of
input Pp; to the total output of the j-th process, Ci;, as the ratio of output
Wy, to the total output of the j-th process, Dy; as the ratio of input V; to
the total output of the j-th process, respectively:

Vk,Vj Py; = By X5, Wiy = Cy;iX; and Vi = Dy X; . (2)
Tn matrix notation they become, respectively:
P=B X w=C_C-X V=D X,

where:

B = [By,;] = Direct input-output coefficients for purchased inputs;

C = [Ck;] = Direct input-output coefficients for by-product and waste out-
puts;

D = [Dy;] = Direct input-output coefficients for labour employment.

As described in the next section, the model is applied to study functional
relationships among flows and then in particular to evaluate the new amount
of energy inputs needed when the final demand is changed. Also, how to
satisfy the demand of final product with a different mix of energy sources in
the respect of given waste/pollution constraints can be analysed.
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4 Case examples

The case examples deal with tourism-related businesses located in an Ital-
ian natural park, the Pollino Natural park, situated between Basilicata and
Calabria, regions in the South of Italy. The park extension is of about 1930
km? and it is the largest natural park in Europe. Large forests characterise
the Park whose average height is about 1000 m. The area has suffered from
the increased urbanisation in the seventies, before the natural park was es-
tablished (November 1993).

From the economic point of view, tourism-related businesses are consid-
ered essential for the local development. Hence, in the economic plan of
the park (in the development phase) supply chains related to tourism activi-
ties are taken into consideration to enhance their efficiency and effectiveness.
However, the planners have to take care of the environmental impact of such
businesses. In particular, energy sources and pollution seem to constrain size
and location of hotels, restaurants, laundries, etc. The model is applied in
the following sections to support both accounting and planning activity.

4.1 Accounting

A simplified supply chain whose final product is the lodge service is modelled
as a network of processes. In Figure 2, the scheme of materials and energy
flows is drawn. The input-output technique described in the previous section,
used herein as an accounting tool, is applied to processes 1 to 3, all located
in the park area and described in Table 1. They compose a supply chain
related to basic accommodation activities.

Prucess Main product output in a year

1 - Laundry located in the park area Number of cleaned linen modules

2 — Lodge Hotel (it provides accommodation) | Number of beds let

3 — Transport service Number of linen modules transported
1% - Laundry not located in the park area Number of cleaned linen modules

Table 1. Processes and relative main products for the case example in Figure 2
The following hypotheses are set:

i) Only flows represented in Figure 2 are accounted for (e.g., transport
service needed for the outside Laundry is not considered);

ii) The model parameters are estimated on the basis of a specific supply
chain. Data are collected through interviews with the process owners.
Each process is assumed to be statistically representative of processes
embedded in similar lodge hotel and laundry supply chains located
in the park. In case the processes performed by other lodge-hotels,
laundries, and transport services are equal to those analysed herein
increasing the number of beds let per year means increasing the number
of hotels, laundries and lorries actually used;
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iii) Linear proportionality between the number of bedslet (i.e., tourists who
spend the night in the area) and the quantity of inputs and outputs of
the processes is assumed;

iv) Imports of cleaned linen from the laundry process located outside the
park, process 19, are considered. Because they are imported products
equal to the main products produced by the internal Laundry, the flow
Moy is termed Mo and it contributes to the direct coefficient Ajo (as
explained also hereafter).

Based on Figure 2, and upon the notation given in section 3, Table 2
presents balance equations of material/energy flows written for process out-
puts, purchased inputs, pollution outputs, imports and labour employment.

[ ouside 1 !rmﬂ%r;[?fcleaned

Laundry !
LProcess 1° Mz
——TT T = /”’_‘ﬁ\\
perkboundey, - ~—= \\\
— Pollution Pollution \\
CO;, NOy, PST v CO>,NO,, PST N
1
1 o1 v,
Laundry 58 5 Lodge Hotel -
£y Gleane Zoz r
farocessit D linen Ziz —®| Process 2 iTourists.
y y
Z3
LABOUR .
LABOUR
Gas for heating as for heating

Electric energy Zsa Service | Electric energy

.

Pollution <@———
CO,, SOy, NO,, PST

Transport

Process 3

Diesel Qil
LABOUR

Figure 2. Simplified supply chain in the present situation
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Z11+Z12+0 ="
Process outputs 04 Zoa+0 =Y
Z314+0+4+Z33 =VY3

PEI+P62+0 = e
Pw1+Pw2+0 = Py,

Purchased inputs Pyi4 Py +0 =P,

040+ Pp3 =Pp
Weo21 +Weoze + Weo2s = Weoz
. 04+ 04+ Wgoza = Wg
Pollution outputs o
SO Wnoz1 + Wiox2 + WNOIS = Wnoz

Wpst1 +Wpste + WpsTs = Wpst

Imports ol main product Moy = M1g = My

Labour employment Via+ Vo +Via =Vg,

Table 2. Balance equations based on flows in Figure 2

An = 211/711 | A2 = (Z12 4 Mig)fZa2 | A3 = Z13/Z33
Aay = Zo1/ 711 A2z = Za2/Z22 Aaz = Z3/Z33
As1 = Zs1 /20 Aze = Z32/Za2 Azz = Z33/Z33

Table 8. Direct input-output coefficients A;,

In particular, the direct coefficients are presented in Table 3. It should
be noticed that when imports of main products occur they contribute to the
direct coefficients referred to main products {(and not to each input flow).
Note in particular coeflicient A;o where both Zy5 and Mis appear.

In Table 4 are shown the present data (in physical units) for the three
process hotel supply chain illustrated in Figure 2. They are distributed in five
sections: main products, main product imports, purchased inputs, pollution
and labour employment. Main Products of Process 1 are measured in cleaned
linen modules, as they are generally called. The last line of the table is a
recall of the main products of each process and is comprised of the diagonal
elements of the matrix of the first section.

Each row in Table 4 describes production (positive number, i.e., produc-
tion of pollution, or of main products) and consumption (negative number,
i.e., use of energy) of main products, purchased inputs, pollutants. For ex-
ample, the third row in the main products section describes the use of the
transport service: 1800 modules transported are the service offered (pro-
duced) and —1800 modules are transported to and fromn (i.e., consumed by)
the laundry in the park.

Each column provides information on inputs and outputs for each produc-
tion process. For example, to transport 1800 modules per year the transport
process (process 3} consumes 925 litres of diesel oil, produces 2430 kg of CO,,
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3.41 kg of SO, 10.08 kg of NO, and 1.94 kg of solid particles (PST) and

needs b employees.

In this way, a complete accounting of the local supply chain model con-
sidered in this section is given in Table 4.

Process 1 | Process 2 Process 3 Final Output /
Laundry Lodge Transport Total Demand
Hotel service

Main Products Z;; Y;
Laundry: 1 cleaned ol

linen module per bed S =100 Q Tip= 0
Lodge Hotel: _

beds let 0 1200 0 Y, = 1200
“Transport service: -
transported modules —— : e Y3 =0
Main Product Import M;; M;

- T

External Laundry, 1%, 0 300 0 My = —300
cleaned modules

Purchased Inputs P, Py
Electric energy [kWh] - 3600 - 5770 0 Pe = —9370
Wood [kg] 0 - 20000 0 P, = —20000
Heating gas [Nmc| - 231 - 1385 0 P, = —1616
Diesel oil [l] 0 0 - 925 Pp = —-925
Pollution* [kg] Wi, Wi

COy (wood) 0 19000 0 Wy .co, = 19000
COq9 (heating gas) 444 2659 0 Wa.co, = 3103
CO2 (diesel oil) 0 0 2430 Wp,co, = 2430
CO2 (total) E - - Weo, = 24533
SO, (wood) 0 4 0 W,s0, =4
SO, (heating gas) 0 0 0 Wy.s0, =0
SO (diesel wil) 0 0 3.41 Wp.so, =3.41
SO; (tutal) - - - Wso, =741
NO; (wood) 0 26 0 W No, = 26
NO, (heating gas) 0.578 3.46 0 Wy no, = 4.04
NO, (diesel oil) 0 0 10.08 Wp.Nno, = 10.08
NO, (total) - - Wno, = 40.12
PST (wood) 0 346 0 Wy psT = 346
PST (heating gas) 0.028 0.169 0 W, psT = 0.197
PST (diesel oil) 0 0 1.94 Wp,psT = 1.94
PST (total) - - Wpsr = 348.1
Labour employment Vi,

Numnber of _3 _s _3 Vi, = —11
employees

Process Main 900 1200 1800

products modules beds let transp. linen

* BEmission Facltor values sources: US-EPA & OAQPS (1998)

Table 4. Flows bhalance table, accounting of the present situation

4.2 Planning

In this section the model is used as a planning tool for the same supply chain
of Figure 2, in two limit cases:



76 V. Albino, S. Kiihtz

1. Case B: no imports of cleaned linen, M, allowed, i.e., process 1 produces
all the needed linen (see Table 5);

2. Case C: cleaned linen only imported from a laundry external to the
park area, (see Tuble 6).

As expected, comparing with the present situation (Table 4), in case B
pollution emissions in the area increase, but also labour employment (by two
units); in case C pollution emissions decrease because are only those due to
process 1, therefore this alternative may comply better with sustainability
issues, but labour employment decreases by more than half when compared
to the present situation.

For the assumed proportionality, these values double if an increment by
two of the final demand is considered.

Because as stated previously both environmental and economic impact
are equally essential for the park development, a case example that allows to
plan a pollution decrease and an employment increase (when comparing with
the present situation described in section 4.1) represents the ideal scenario
to be pursued, this is called Case D.

Process 1 | Process 2 Process 3 Final Output /
Laundry Lodge Transport Total Demand
Hotel service
Main Products Zi;
Laundry: 1 cleaned B
linen module per bed oy Tty 0 s 0
Lodge Hotel: —
beds let 0 1200 0 Yo = 1200
Transport service: 9400 0 2400 Ys=0
transported modules
Main Product Imports M,
nl . 5
Fxternal Laundry, 1°, 0 0 0 0
cleaned modules
Purchased Inputs P
Electric energy [kWh] P. = —10570
Wood [kg] Py, = —20000
Heating gas [Nmc] P, = —1693
Diesel oil [l Pp = —1233
Pollution* [kg] Wi,
COq Weo, — 25488
SO, Wso, = 8.55
NO.. Wyo, = 43.67
PST Wpsr = 348.8
Labour employment Vi,
Number of 4 _5 _4 Vp = —13
employees
Process Main 1200 1200 2400
products modules beds let transp. linen

* Emission Factor values sources: US-EPA & OAQPS (1998)
Table 5. Case study B, with same supply of lodge service as in Table 4, and no Imports
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Process 1 | Process 2 Process 3 Final Output /
Laundry Lodge Transport Total Demand
Hotel service
Main Products Z;;
Laundry: 1 cleaned
linen module per bed g g 0 M=
Lodge Hotel: -
beds let 0 1200 0 Y, = 1200
Transport service: .
transported modules L o g Rl
Main Product Imports M;;
External Laundry, 1°, o
cleaned modules v S 0 el i )
Purchased Inputs P4
Electric energy [kWh)] P, = —5770
Wood [kg] P, = —20000
Heating gas [Nmc] P, = —1385
Diesel oil []] Pp=0
Pollution* [kg] Wy,
COay Weo, = 21659.2
S0 Wsgo, =4
NO» Wao, = 29.46
PST Wpsr = 36.17
Labour employment Vp,;
Number of 0 _5 0 Vi = —5
employees
Process Main 0 1200 0
products modules beds let transp. linen

* Emission Factor values sources: US-EPA & OAQPS (1998)
Table 6. Case study C, with same supply of lodge service and only Imports M.

The strength of the model is in fact that it may also help examine alter-
native options to produce energy in a cleaner way. For example, substituting
the natural gas bhoiler and the wood fireplace used in case B, with solar pan-
els, case D, results in emissions reductions. This is evident when comparing
the results presented in Table 5 with those in Table 7.

Moreover, comparing the present situation, Table 4, with Table 7 again,
which corresponds to no imports and solar thermal panels, shows that an
increment in the production of the laundry process requires two additional
labour units, and decreases emissions. See Tuble 8 for the comparisons.

Further development of the model takes account of another primary input
in Table 3, indicating capital costs. So, accounting for financial costs, the
model serves as a tool to support investment decisions when substituting
traditional energy technologies in favour of sustainable ones. In fact, it is
often difficult to examine alternative pollution control measures and evaluate
costs and returns of environmental quality improvements.

Furthermore, because conventional enterprise accounting systems record
little (or none) information on environmental performance it is difficult to
control and to incentive the minimisation of environmental pollution. These
models based on input-output techniques can help. In fact they allow to take
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account of the non-used or non-desired energy outputs, and to decide how to

reduce or reuse some portions.

Process 1
Laundry

Process 2
Lodge
Hotel

Process 3
Transport
service

Final Output /
Total Demand

Main Products Z;;

Laundry: 1 cleaned

linen module per bed LA

—1200

Yi=2Z11+212=0

Lodge Hotel:

beds let Q

1200

Y, = 1200

Transport service:

transported modules e

0

2400

Y3 =0

Main Product Imports M;;

External Laundry, 1°,
cleaned modules

Purchased Inputs P4

Electric energy [kWHh]

Pe = —10570

Wood [kg]

P, =0

Heating gas [Nmc]

P, — —1462

Diesel oil [l]

Pp = —1233

Pollution* [kg] Wi;

CO2

Wco, = 6045

SOz

Wso, = 4.55

NO

Wno, = 17.08

PST

Wpsr = 2.77

Labour employment Vi ;

Number of

—4
employees

—5

—4

VL =—13

1200
modules

Process Main
products

1200
beds let

2400
transp. linen

* Emission Factor values sources: US-EPA & OAQPS (1998)

Table 7. Case study D, no Imports M and solar panels

Case studies

Accounting,
present
situation

B

no Imports M

C
only Imports M

D
no Imports M,
solar panels

Pollution produced [kg|

Total CO2 24533

25488

21659.2

6045

Total SOx 7.41

8.55

4

4.55

Total NOx 40.12

43.67

29.46

17.08

Total PST 348.1

348.80

346.17

2.77

Labour

Total number
of employees 11

13

5

13

Table 8, Summary and direct comparison of the four cases considered
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5 Conclusions

The input-output approach described herein is based upon processes and
their input-output relationships. This is used to develop a specific model for
the hotel supply chain located in a natural park area recently established in
South Italy whose economic development plan accounts for tourism as the
main economic activity to be expanded for future development of the area, as
long as it complies with sustainable development issues. Tourism increased
demand may present some drawbacks because the new need of energy may
increase pollution. The input-output model presented in this work is very
easy to implement and flexible and allows to evaluate the envirommental
impact of the main lodging companies already existing in the park. Also,
as a planning tool it allows to estimate the effects of environmental and
energy constraints on production processes and to examine alternative energy
sources use. Many environmental problems may in fact be solved with a
higher degree of self-sufficiency at local level, and higher use of renewable
energy sources.
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