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Land scape al ter ation is gen er ally one of the most sig nif i cant im pacts re sult ing from sur face min ing and quar ry ing, par tic u larly when the
ex ca va tion ac tiv i ties are lo cated within en vi ron men tally sen si tive ar eas. We de scribe the re sults of two dif fer ent meth ods of vi sual im -
pact as sess ment ap plied to se lected case stud ies in the Pol ish Carpathians. The study con cerns ar eas of sig nif i cant land scape value and
hol i day des ti na tions for many peo ple liv ing in the Silesian and Kraków ur ban-in dus trial ag glom er a tions. One of the two meth ods re fers
to the EC de ci sion 272/02, which es tab lishes eco log i cal cri te ria for the award of the Com mu nity eco-la bel for hard floor-cov er ings. The
sec ond method was pro posed in  pre vi ous re search and is based on the ap pli ca tion of a vi sual im pact in di ca tor (Lvi) in which two ob jec -
tive as pects of land scape al ter ation are in cluded: the ex tent of the vis i ble ex ca va tion and its chro matic con trast with its sur round ings. The
re sults of the two meth ods are com pared and dis cussed for each of the case stud ies con sid ered.

Valentina Dentoni and Giorgio Massacci, DIGITA, De part ment of Geoengineering and En vi ron men tal Tech nol o gies, Uni ver sity of
Cagliari, It aly; Barbara D. Radwanek-B¹k, Pol ish Geo log i cal In sti tute, Carpathian Branch, Skrzatów 1, PL-31-560 Kraków, Po land,
e-mail: Barbara.Radwanek-Bak@pgi.gov.pl (re ceived: Sep tem ber 23, 2005; ac cepted: March 30, 2006).

Key words: quar ry ing, en vi ron ment, vi sual im pact, dig i tal pic tures, solid an gle, chro matic con trast.

INTRODUCTION

Sur face min ing and quar ry ing usu ally gen er ate a num ber of 
en vi ron men tal im pacts among which land scape al ter ation can
cer tainly be con sid ered one of the most sig nif i cant. Al though
land scape and vi sual im pact does not di rectly af fect pub lic
health it eas ily gen er ates a neg a tive re ac tion within the pop u la -
tion and some times strongly in flu ences the socio-eco nomic de -
vel op ment pro cess of the ter ri tory in volved.

The start of min ing and/or quar ry ing in an area is of ten as -
so ci ated with changes in the ac tual or po ten tial use of the ter ri -
tory, with loss of ag ri cul tural po ten tial, with de for es ta tion and
with al ter ation of the land scape and its aes thetic val ues. These
neg a tive ef fects of ex ploi ta tion are more marked in  moun tain -
ous ar eas than else where.

Of the en vi ron men tal im pacts aris ing from ex ca va tion ac -
tiv i ties, land scape and vi sual im pact most ob vi ously in volves
socio-eco nomic and cul tural is sues which strongly in flu ence
the as sess ment method. Landscape and vi sual im pact as sess -
ment (LVIA), in fact, re lies more on judge ment and less on

mea sure ments, in volv ing in di vid ual per cep tions, aes thetic
tastes and vi sual com pre hen sion (Nichol son, 1995). Land scape 
al ter ation aris ing from min ing ac tiv i ties might be per ceived
very neg a tively by those in di vid u als who do not live in the area
(tour ists or oc ca sional vis i tors) and who there fore are not pre -
pared to ac cept in con gru i ties in the land scape; this is a ma jor is -
sue in ar eas of high sce nic value or where the tour ist in dus try
has po ten tial for growth. On the other hand, lo cal res i dents tend 
to jus tify the per ma nent land scape al ter ation as so ci ated with
mines and quar ries as they as so ci ate these changes with a tra di -
tional source of wealth and em ploy ment opportunity. 

How ever, some as pects of land scape mod i fi ca tion can be
ob jec tively mea sured in or der to quan tify the mag ni tude of
change, in par tic u lar, the ex tent of the visibly al tered area and
the de gree of chro matic con trast be tween the bare rock and the
pre dom i nant col our of the sur round ing en vi ron ment.

The aim of this pa per is to give a pre lim i nary rep re sen ta tion
of vi sual im pact aris ing from the quar ries lo cated in the Pol ish
Carpathian area (Ma³opolska) on the base of ob jec tive in di ca -
tors. Three me dium-size quar ries were cho sen for this study.
All of them are vis i ble from the main roads and lo cated within
pro tected ar eas of high sce nic value.



LANDSCAPE AND VISUAL IMPACT 
ASSESSMENT METHODS

With re gard to leg is la tion and stan dards, the EC de ci sion
272/02  (Com mis sion De ci sion, 2002) es tab lishes eco log i cal
cri te ria for the award of the Com mu nity eco-la bel for hard
floor-cov er ings. This de ci sion de fines two in di ca tors ap pli ca -
ble to the as sess ment of the vi sual and land scape im pact aris ing
from the ex trac tion ac tiv i ties of raw ma te rial (mar ble, gran ite,
other nat u ral stones, ag gre gates, and raw ma te ri als for the ce -
ment and ce ramic in dus try): the Re ha bil i ta tion Si mul ta ne ity
De gree (RSD) and the vi sual im pact in di ca tor x.

The RSD is de fined as the ra tio of the com pro mised area
(in clud ing quarry faces and ac tive dumps) to the sur face of the
au tho rized area. The vi sual im pact in di ca tor x of the quarry is
cal cu lated by se lect ing a num ber of view points (nearby towns
and vil lages, ma jor roads, places of re mark able en vi ron men tal
and cul tural value, reg u larly fre quented places and so on) from
where the most sig nif i cant ver ti cal cross-sec tions are traced. 

For each sec tion the vi sual im pact in di ca tor x is cal cu lated
con sid er ing the vis i ble ver ti cal ex tent of the com pro mised area
and the dis tance from the view point con sid ered. For a spe cific
vi sual point P, x is de fined as: 
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where: h — ver ti cal height of al tered area vis i ble from P [m]; L — hor i zon -
tal dis tance be tween P and the al tered area [m]; tan30° — tan gent of the av -
er age an gle of the vi sion cone of the hu man eye; x — vi sual im pact
in di ca tor [%].

The term h2 ap prox i mates the base sur face of the vis i bil ity
cone within which the com pro mised area can be seen, while the 
term (Ltan 30°)2 ap prox i mates the base area of the av er age vi -
sual cone of the hu man eye. 

For each of the two in di ca tors de fined by the EC de ci sion a
score is as signed ac cord ing to the val ues shown in Ta ble 1.

The score ob tained for each in di ca tor is cor rected by ap ply -
ing one or more weight ing fac tors in or der to al low for the en vi -
ron men tal sen si tiv ity of the land where the quar ry ing or min ing 
ac tiv ity is lo cated.

For the vi sual im pact in di ca tor x, only the weight ing fac tors 
W1 and W3 are con sid ered.

W1 is spe cif i cally re lated to the nat u ral value of the area
(no ti fied sites of Com mu nity im por tance, spe cially pro tected
ar eas in the EU, ar eas out side the EU which fall un der spe cific
pro vi sions of UN con ven tions). W3 re fers to the pop u la tion
den sity of those set tle ments sit u ated within 5 km of the quarry

or mine site, the lat ter fac tor be ing closely re lated to the num ber 
of reg u lar ob serv ers (mainly res i dents).

An al ter na tive method for land scape and vi sual im pact as -
sess ment is based on the elab o ra tion of a num ber of dig i tal im a -
ges taken from the most sig nif i cant view points. For each pic -
ture a sin gle vi sual im pact in di ca tor Lvi is cal cu lated which in -
cludes both the ex tent of the vis i ble al ter ation and the chro matic 
con trast be tween the uni form col our of the bare rock ex posed
by ex ca va tion and the vari able chro matic char ac ter is tics of the
sur round ing area (Dentoni et al., 2004).

The vis i ble al ter ation ex tent can be ex pressed in dB as a vis -
i bil ity level Lv, de fined as:

Lv v= 10 0log( / )W W [2]

where: Wv — vi sion solid an gle sub tended by the al tered area; W0 = 8.46 ´
10–8 [sr] — vis i bil ity thresh old un der max i mum con trast con di tions in a
black and white space. 

More spe cif i cally Wv is the solid an gle within which the al -
tered area can be seen from the view point, con sid er ing the dis -
tance be tween the quarry and the ob server as well as the mask -
ing ef fect due to mor phol ogy and veg e ta tion. 

W0 is ob tained by mul ti ply ing two plane vi sual an gles of
one min ute each along two per pen dic u lar di rec tions; in fact the
stan dard def i ni tion of nor mal vi sual acu ity (1.0 or 20/20 vi sion) 
is the abil ity to dis tin guish al ter nat ing black and white lines
sep a rated by a vi sual an gle of one min ute arc; a smaller an gle
would make the pat tern ap pear as a mass of solid gray. Since in

prac ti cal cases the solid an gle takes val ues rang ing from W0 to a
few tens of thou sandths of [sr], the use of the log a rith mic func -
tion ex pressed in [2] is con ve nient.

When us ing dig i tal im ages, the vi sion solid an gle is 
W Wv p a pN N= ´ / , where Wp is the solid an gle sub tended by
the en tire pic ture, while Na and Np de note re spec tively the num -
ber of pix els rep re sent ing the al tered area and the to tal num ber
of pix els of the pic ture. 

The vi sual im pact of any land scape al ter ation is en hanced
by the de gree of chro matic con trast with the sur round ings. Any
col our can be de fined through three chro matic co or di nates, re -
fer ring to a spe cific col our space. The chro matic con trast be -
tween two given colours can be eval u ated as the Eu clid ean dis -

tance DE be tween two points, de fined as:

D D D DE L a b= + +2 2 2 [3]

where: DL, Da and Db — the dif fer ences be tween the val ues of the three
chro matic co or di nates of the two colours in the CIE Lab col our space. 

The CIE Lab sys tem is a per cep tu ally uni form col our space, 

in the sense that the dis tance DE is ap prox i mately pro por tional
to the ef fec tive con trast per ceived by the ob serv ers. The pro ce -
dure de scribed here con sid ers the CIE Lab col our sys tem, as its
use is prev a lent com pared to pos si ble al ter na tive per cep tu ally
uni form col our spaces (as the CIE Luv). More over the CIE Lab 
col our space has been ap plied to es ti mate the per cep tion of
chro matic dif fer ences in vi sual im pact-re lated is sues (Bishop,
1997; Dentoni et al., 2005). 
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Score 5 excellent 3 good 1 sufficient Exclusion hur dle

RSD [%] <15 15–30 31–50 >50

x [%] 0£ x £10 10< x £20 20< x £30 30< x

T a  b l e  1

Eval u a tion classes ac cord ing to the EU de ci sion 



The vi sual im pact in di ca tor Lvi is ex pressed by the fol low -
ing equa tion:

Lvi
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0
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where: DEm — the mean of the val ues DE cal cu lated for each pixel of a por -

tion of the pic ture, se lected as a com par i son area. The mean of DE val ues

(DEm) is di vided by the Eu clid ean dis tance be tween black and white (DEBW) 

to ob tain the mean stan dard chro matic con trast (DEm/DEBW). The value of

DEBW is 100 in CIE Lab col our space, as the chro matic co or di nates of black
and white are re spec tively (L = 0; a = 0; b = 0) and (L = 100; a = 0; b =0).
Other ex pla na tions as on equa tion [2].

VISUAL IMPACT OF SELECTED QUARRIES 
IN MA£OPOLSKA

STUDY CASES

The two meth ods de scribed above were ap plied to three
quar ries lo cated in Ma³opolska. Two of them are the sand stone
quar ries near Nowy S¹cz and might be rec og nized as rep re sen -
ta tive of the whole Pol ish Carpathian re gion con sid er ing the
type of rock ex tracted, the land scape char ac ter is tics, the
socio-eco nomic sit u a tion and the plan ning as pects. The third
case study  is the por phyry quarry in Zalas, near Kraków. All
these cases are within Land scape Pro tected Ar eas, lo cated near
vil lages, cit ies and roads.

Re fer ring to the three quar ries, both the vi sual im pact in di -
ca tor x and the level of vi sual im pact Lvi have been cal cu lated.
The data used for the eval u a tion of the two in di ca tors was ob -

tained through the elab o ra tion of dig i tal pho to graphs rep re sen -
ta tive of the study cases and taken from significant viewpoints. 

The pic tures were taken in late sum mer (Au gust/Sep tem -
ber) dur ing sunny days. The pic tures of the sand stone quar ries
were taken in the fore noon and around noon, when the quarry
faces were il lu mi nated by the sun. The trans par ency of air was
typ i cal for a dry but slightly misty day.

The pic ture of Zalas was taken from a via duct over the high -
way at a dis tance of about 5 km. The quarry faces were il lu mi -
nated by the sun. The trans par ency of the air was good and typ i -
cal for a sunny late sum mer af ter noon. Be cause this pic ture was
taken over the week end, the air trans par ency was a lit tle better
com pared to that of a work ing day when the traf fic is heavier.

The sand stone quar ries in Klêczany and D¹browa are sit u -
ated in the cen tral part of the Pol ish Outer Carpathians, about
50 km south-west of Kraków near Nowy S¹cz, which is a lo cal
ad min is tra tive cen tre (Fig. 1). The re gion is char ac ter ized by
high na ture and land scape val ues and it is a part of an ex ten sive
Land scape Pro tected Area. It is also a pop u lar tour ist re gion,
and a place where many cit i zens from Kraków usu ally spend
their sum mer and win ter hol i days. 

From the geo log i cal point of view the area be longs to the
Dukla sed i men tary ba sin where thick se quences of flysh-type
sed i ments were de pos ited. Their age range from up per Cre ta -
ceous to Oligocene.

CASE 1 

The mul ti level quarry in Klêczany (9 lev els) is the big gest
quarry in the Pol ish Carpathians, with an area of about
300 000 m2. It oc cu pies the south slope of an ex ten sive hill
(615.8 m above sea level), for merly cov ered by a for est and
now partly de for ested. Its walls are about 150 m high (Figs. 2
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Fig. 1. Lo ca tion of Klêczany and D¹browa quar ries



and 3). The Oligocene
Cergowa Sand stones ex -
tracted in the thick-bed ded
Klêczany de posit are grey in
col our and fine- to
coarse-grained. The de posit
in cludes sev eral sandy lenses
within shale se quences. The
thick ness of the se quence ex -
posed in the quarry var ies
from 5.9 m to 226 m. The av -
er age con tent of shale in the
pro file of the de posit is 23%,
but it dif fers in in di vid ual
suc ces sions from about 5% to 
more than 90%. The sand -
stone it self has good tech ni -
cal prop er ties, in par tic u lar a
high com pres sion strength. It
is used as high qual ity ma te -
rial for rail way and road con -
struc tion.

The quarry has been ac -
tive since 1912. It has been
ex ploited at a large scale by
blast ing meth ods since the
1960’s. The out put level in
the 1970’s and the 1980’s
was about 1 Mt/y. Now it has
reduced to 0.5–0.6 Mt/y. A
con sid er able part of this hill
has been re moved and taken
away as a re sult of min ing ac -
tiv ity. Dur ing the ex ploi ta tion 
and pro cess ing of raw ma te -
rial a great deal of waste
(mainly shales) is formed.
Waste is stored in large in ner
and outer dumps.

The quarry is eas ily vis i -
ble from a dis tance, in par tic -
u lar from a main road, from a
num ber of lo cal roads, from
the vil lages of Klêczany and
Marcinkowice and from
sev eral tour ist trails.

CASE 2 

The quarry in D¹browa is
lo cated a few kilo metres from 
Klêczany, in the val ley of the
Dunajec river, on a hill slope,
and oc cu pies an area of about 
40 000 m2 (Fig. 4). The stone
ex tracted is used as a high
qual ity build ing ma te rial. The 
ex trac tion started in 1955; the 
pres ent out put is about 20–30 

386 Valentina Dentoni, Giorgio Massacci and Barbara D. Radwanek-B¹k

Fig. 2. Mulitlevel Klêczany sand stone quarry (pic ture K2 )

Fig. 3.  Mulitlevel Klêczany sand stone quarry (pic ture K4)



thou sand t/y, but in the
1970’s and 1980’s it reached
70–80 thou sand t/y. The
D¹browa quarry is sit u ated
near Nowy S¹cz, by the main 
road which con nects the vil -
lage with Kraków.

The de posit in D¹browa
rep re sents the typ i cal
thick-bed ded Eocene-Oligo -
cene Cergowa Sand stones.
The ex trac tion is car ried out
on a 22 m thick suc ces sion of
sand stone lay ers. The av er -
age con tent of shale in ter ca -
la tions is about 8.6%. The
quar ried stone is used as ma -
te rial for road and build ing
con struc tion.

CASE 3

The por phyry quarry in
Zalas is lo cated a few kilo -
metres west from Kraków in
a highly built-up area, near
the Kraków–Katowice high -
way and sev eral lo cal roads,
by the bor ders of the
Jura-val leys Land scape Park
(Figs. 5 and 6).

The pink ish-red por phyry 
is a part of Permo-Car bon if e -
r ous laccolith, cov ered by
Up per Ju ras sic (Oxfordian)
platy lime stone. The quarry
has been ac tive from 1900
and mined by blast ing meth -
ods. It has been ex ploited on
a large scale since the 1960’s.

Now a days the quarry is
about 1 km in length, 350 m
in breadth and 100 m high.
Most of the waste is stored in
dumps in the north-east part
of the quarry area.

RESULTS 

In Ta ble 2 the im pact in -
di ca tor val ues are shown for
the se lected study cases.

For each of the quar ries
con sid ered the x value was
found to be less than 10%:
ac cord ing to the Eu ro pean De ci sion those quar ries should be
re garded as ex cel lent when vi sual im pact is be ing con sid ered.

How ever, the vari abil ity of the Lv level is not al ways con -
sis tent with the vari abil ity of the x in di ca tor. This re sult was to

be ex pected con sid er ing that the vi sual im pact in di ca tor x does
not take into ac count the lat eral ex tent of the quarry and there -
fore tends to un der es ti mate the vi sual im pact of those quar ries
which are considerably wider than high.
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Fig. 4. A face of the D¹browa sand stone quarry (pic ture D3)

Poland

KRAKÓW

Fig. 5. Lo ca tion of Zalas quarry 



A dif fer ent re sult is given
when the vi sual im pact is cal -
cu lated through the vi sual
solid an gle Wv: in this case the 
ra tio be tween the vis i ble al -
tered area and its dis tance
from the view point is con sid -
ered while the ac tual shape of 
the quarry faces is not taken
into ac count.

The com par i son be tween
case K1  and D3  shows the
same val ues for the Lv lev els
(48.8 dB and 49.0 dB re spec -
tively) while the vi sual im -
pact in di ca tor x re mains sig -
nif i cantly dif fer ent (2.5% and 
5.4%). Lvi val ues in Ta ble 2
in di cate the vi sual im pact
lev els when the chro matic
con trast is taken into ac count. 
The re duc tion co ef fi cients
(DEm/100) ac count ing for the
chro matic con trast show
vari abil ity within a min i mum
value of 0.196 and a max i -
mum value of 0.405. 

Ta ble 3 shows the Lv val -
ues which cor re spond to the
lim its of the eval u a tion
classes in di cated by the Eu ro -
pean De ci sion when
square-shaped quar ries are
taken into ac count (i.e. when
the as pect ra tio w/h is equal to 
1, where w is the vis i ble
quarry width and h is the vis i -
ble quarry height).

Re fer ring to the four im -
pact classes (ex cel lent, good,
suf fi cient and ex clu sion) as
de fined through the limit val -
ues in Ta ble 3, for the study
cases hereby con sid ered the
fol low ing cir cum stances can
be noted.

Ac cord ing to the Lv val ues in Ta ble 2, none of the 8 cases
con sid ered was found to be in the ex cel lent class (when us ing the 
x in di ca tor): two cases were good, five were suf fi cient and one
was not ac cept able, as the ex clu sion thresh old was ex ceeded.

When con sid er ing the ad di tional con tri bu tion of the chro -
matic con trast through the ap pli ca tion of the Lvi in di ca tor, 5 out 
of 8 cases were found to be good, two were ex cel lent and one
suf fi cient. The ex clu sion thresh old was never exceeded.

Ac cord ing to the re sults given by the ap pli ca tion of the in di -
ca tor Lvi, al though based on a lim ited num ber of view points,
the vi sual im pact aris ing from the quarry in D¹browa should be
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Fig. 6. Por phyry opencast quarry at Zalas near Kraków (pic ture Z1)

Quarry Pic ture Dis tance [km] x [%] Wv [sr] Lv [dB] DEm/100 Lvi [dB]

Klêczany K1 4.0 2.5 0.00642 48.8 0.212 42.1

Klêczany K2 3.5 3.5 0.00792 49.7 0.230 43.3

Klêczany K3 3.0 3.3 0.00320 45.8 0.328 40.9

Klêczany K4 1.1 9.4 0.02037 53.8 0.330 49.0

D¹browa D1 1.7 4.7 0.00490 47.6 0.398 43.6

D¹browa D2 1.7 4.8 0.00528 48.0 0.397 43.9

D¹browa D3 1.3 5.4 0.00668 49.0 0.405 45.1

Zalas Z1 5.0 1.0 0.00179 43.2 0.196 36.2

T a  b l e  2

Vi sual im pact pa ram e ters for the se lected study cases  

x [%] j = q [rad] Wv [sr] Lv [dB]

10 0.033 0.0011 41.0

20 0.064 0.0041 46.8

30 0.094 0.0088 50.2

T a  b l e  3

Limit val ues of the im pact classes ac cord ing to the Eu -
ro pean De ci sion (x) and cor re spond ing Lv limit val ues

for square-shaped quar ries



con sid ered as ac cept able (good) while the vi sual im pact of the
quarry in Zalas should be neg li gi ble (ex cel lent). 

It is worth men tion ing that in this last case the view point
con sid ered was just one along the high way be tween  Kraków
and Katowice and very far away from the quarry (about 5 km).
This is the main rea son for such low val ues of x and Wv. More -
over in the Zalas case some of the quarry lev els are deep, and
only part of  the quarry is vis i ble from the road.

The low value of the chro matic con trast for Zalas is mainly
the con se quence of the de cay as so ci ated with at mo spheric scat -
ter ing when sig nif i cant dis tances are in volved. In this case,
how ever, the grey-pink por phyry rock, partly weath ered in the
up per lev els (which have not be ing ac tive lately), keeps the
con trast low. The sit u a tion in Zalas is ex pected to im prove as a
con se quence of re-veg e ta tion. The rock char ac ter is tics and the
pres ence of many fis sures are some of the fa vour able factors
for vegetation development.

Ac cord ing to these re sults, the vi sual im pact of the quarry in
Klêczany is ac cept able for most of the view points con sid ered,
whereas in one case the Lvi value was found to be close to the ex -
clu sion thresh old. The pic ture rep re sent ing this last case was taken 
along the  lo cal road in the cen tre of the vil lage of Klêczany.

CONCLUSIONS AND DEVELOPMENT DIRECTIONS

The ap pli ca tion of the Lvi in di ca tor to the case stud ies con -
sid ered here al lows a pre lim i nary as sess ment of vi sual im pact
in the Pol ish Carpathians, high light ing at least two cases
(D¹browa and Klêczany) for which the im pact fac tor can not be
con sid ered irrelevant. 

How ever, the fi nal as sess ment should take into ac count
both the en vi ron men tal value of the area and its de vel op ment
pros pects, while a pre lim i nary anal y sis of the view points from
where the pic tures were taken might help to de fine the num ber
and char ac ter is tics of po ten tial ob serv ers.

Re fer ring to the as sess ment method, the ap pli ca tion of which 
is still to be con sid ered as ex per i men tal, the re sults clearly show
that the Lvi in di ca tor is af fected by a quarry’s lat eral ex tent
(whereas the x in di ca tor is not). Lvi does not in clude a shape fac -
tor and there fore tends to con sider equiv a lent those quar ries with
the same vis i ble area (in terms of solid an gle) but with dif fer ent
as pect ra tio w/h. All this be ing taken into ac count, the Lvi in di ca -
tor can not  be com pletely con sis tent with the com mon per cep -
tive ex pe ri ence which tends to be in better har mony with the nat -
u ral en vi ron ment where al ter ations with prev a lent lat eral ex tent
(wider than high) ex ist. On the other hand, the un der es ti ma tion
of the im pact given by the ap pli ca tion of the in di ca tor x% seems
to be even far ther from a sub jec tive per cep tion.

The con sid er ations de scribed above sug gest that the cor re -
la tion be tween the Lvi val ues and the ac tual per cep tion of the
ob serv ers should be in ves ti gated. The meth ods most fre quently 
used to ver ify such a cor re la tion are based on the re sults of tests
and ques tion naires through which vi sual pref er ences are ex -
pressed re fer ring to a num ber of pic tures rep re sent ing dif fer ent
cases of in ter est. In ves ti ga tions of this type have been car ried
out for in dus trial sites (Hands and Brown, 2002) and ru ral dis -
tricts (Arriaza et al., 2004). As re gards quar ries and min ing ac -
tiv i ties, a sat is fac tory cor re la tion was found by com par ing the
Lvi val ues cal cu lated for a num ber of se lected cases and the
value judge ments ex pressed by a sam ple of po ten tial ob serv ers
(Dentoni et al., 2005).
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