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Abstract

In the Catalogue of Strong ltalian Earthquakes, all testimonies relating to effects on the environment have been
systematically analysed, geo-referenced and filed. This complex work of research and organisation has been
conducted according to two main perspectives: the historical and the geological point of view. As regards the
historical point of view, on the one hand the elements of complexity have been highlighted relative to data which,
particularly before the seventeenth century, had been produced within cognitive and cultural contexts which are
now extremely remote and beyond naturalistic logic. On the other hand, from the seventeenth century, the growing
attention of the cultural élite of the era towards environmental phenomena (now being seen within a naturalistic
perspective), favoured the gradual enhancement of the corpus of information, also as regards the quality of the
data. 2053 effects of earthquakes on the environment are listed in the CFT13, classified into five categories which
are in turn divided into other descriptive typologies. Many examples are also provided with the purpose of
outlining the specific problems concerning the available data. As regards the geological peint of view, the effects
described in historical sources may be divided into two categories: the effects related to shaking, and the effects
which may be due directly to the seismogenic source, generally with less territorial impact but of considerable
scientific interest. Reference is also made to the various attempts to codify the environmental effects of carthquakes
within the traditional macroscismic scales, although it is acknowledged that this operation is fraught with
ambiguities. Prospective users of the CFTI3 are encouraged to take advantage of the availability of the original
testimonies to develop their own interpretations of the phenomena described.

Key words earthquake effects — surface faulting — to this important aspect of the description of the
historical cartography seisnlic scene, until now the subject of sporadic
attention and limited to a few specific events, in
a comprehensive way with the aid of systematic

1. Introduction records and immediate access to the historical
descriptions of such effects. The process of ar-

This is the first time that an earthquake cat- chiving required a typological scheme to be
alogue has systematically made available the drawn up in which each environmental effect
effects on the environment as mentioned in his- described by the sources used for the Catalogue
torical sources. Today, we can make reference of Strong talian Earthguakes was organised.

The classification remains intentionally detailed,

even knowing that some of the categories iden-
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Table I. Classification of the effects on the environment.
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Changes in the landscape
Ground breakage, fractures, fissures, splitting
Subsidence, landslip

Uplifting

Collapse of cavities or effects on concretions in caves
Landslide, earth tlow, mud flow

Avalanche, landslide, snowslide

Watercourses

Increase in the flow ol watercourses

Decrease in the flow of watercourses
Overflow, land turns into marshiand

Sudden deposition of alluvium

Changes in riverbeds, deviations, interruptions
Burst river banks, flooding

Clouding

Lakes-basins

Appearance or disappearance of lakes-basing
Clouding of lakes-basins

Variation in water level of lakes-basins
Flooding of lakes-basins

Subterranean streams

Changes in spring discharge

Appearance or disappearance of springs

Clouding of springs

Changes in level of water wells

Outflow of water or mud from the ground or soil liquefaction
Changes in water temperature

Changes in water chemistry

Marine or coastal environment
Generic changes of coastline
Erosion or retreat of coastline
Tsunami

Others

Mortality of fish and other organisms

Exhalation or emission of gases, eruptions of salse or mud cones
Sulphurous exhalations

Electrical or magnetic phenomena

Light phenomena
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language and content of the historical descrip-
tions, elaborated in different ages and cognitive
frameworks, leaving to the reader the difficult
task of bringing apparently different observa-
tions into the same framework of phenomena
associated with earthquakes.

Each of the effects described has been coded
according to the scheme in table 1 and located
with the utmost precision allowed by the accu-
racy of the description itself.

There are 2053 descriptions of the effects
of earthquakes on the environment available in
the CFTI3. Altogether, such data represent an
informative package of statistical significance
which, considering the chronological span of
investigation of almost 2500 years, obviously
poses problems and requires explanations. In-
deed, this repertory gathers data [rom different
cultures, generated within different cognitive
frameworks whose language is clearly [(ar
removed from that of the present day. These
elements will certainly raise queries as to
the general reliability of the data gathered, the
problems caused by such data during their
initial interpretation, and their practical use to

Earthquake effects on the environment: from historical description 1o thematic cartography

increase knowledge about the earthquakes to
which they refer. To facilitate the correct use of
the effects on the environment collected in the
CFTI3, we propose here clarifications of cer-
tain aspects we consider to be important, con-
cerning both the historical and the geological
points of view.

2. The historical point of view

Figure 1 shows the chronological distribu-
tion of data regarding the effects on the envi-
ronment in relation to the earthquakes analysed
throughout the whele chronological time span
of the CFTI3 (461 B.C.-1997). If we exclude
the 4th century A.D., there are very few de-
scriptions of seismic effects on the environment
until the sixteenth century, with these becom-
ing more frequent in the last three centuries. To
explain how difficult it is to reconstruct a coher-
ent picture of the environmental effects of earth-
quakes in ancient and medieval times, we will
now examine some problems that emerged dur-
ing the research concerning these periods.
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Fig. 1. Reported earthquake effects on the environment, 5th century B.C. - 20th century A.D. The numbers i

the graph refer to earthquakes analysed for.each century.
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In the ancient and late Roman world, the
effects of earthquakes on the environment made
a great impression in the minds of the observers,
This was due to that feeling of the sacred and
magical within which natural phenomena were
perceived, in a context of «nature» seen as un-
changeable and mysterious. Indeed, these ef-
fects are often recorded in the sources with such
emphasis that the direct cause fades into the
background, so that today’s reader may some-
times doubt whether the phenomenon described
was caused by an earthquake. Moreover, sel-
dom in the Roman world were the effects of
carthquakes even mentioned, especially if they
belonged to smaller settlements. See the earth-
quakes of 133 B.C. at Luni, of 117/113 B.C. in
Lucania and of 117/113 B.C. in Priverno, for
example. In the first two cases, the source, a
book of prodigious events written in 4th-5th
century A.D. by Ossequente, does not clearly
explain whether the environmental effect — ex-
tensive subsidence in Luni, large fissures in the
ground in Lucania — was caused by an earth-
quake. In the third case, the sources, Cicero and
the above-mentioned Ossequente, record the
news of a landslide and subsidence without clear-
ly indicating an earthquake as the cause of the
two phenomena. It is true that in the third case,
Priverno, the local geological setting led us to
believe that the phenomenon was independent
of a seismic event. In other cases the correlation
is unquestionable: see for example the case of
the earthquake in Rieti in 76 B.C. in which the
effects of the earthquake on the course of the
River Velino were described.

Evidence concerning the early Middle Ages
(sixth to tenth centuries) was mainly produced
in monastic circles and therefore in very impor-
tant — though not urban — cultural contexts. One
may think that this permitted more direct obser-
vations of effects on the environment to be made.
However, the culture that permeated the produc-
tion of such observations did not favour explicit
and direct analyses of these phenomena. The
earthquake was instead taken as a «symbol»
with a plurality of meanings: its material and
carthly traces did not thus belong solely to the
naturalistic world (Guidoboni, 1989). Let us
consider the description of the effects on the
waters of the Po caused by the earthquake of
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3 January 1117, in the heart of the Po valley. It
was written and narrated that the waters came to
a standstill and rose up «like a bridge», inter-
preted as a divine sign between God and Man.
These particular cognitive and cultural contexts,
as has often been noted, create a very strong
filter between the actual observations and our
current way of reinterpreting the phenomena
described. Once these difficulties of a herme-
neutic kind have been taken into consideration,
the traces formed by these ancient descriptions
of the effects of carthquakes on the physical
environment are still important, and for this
reason they have been included in the data
bank. It is obviously up to the user to interpret
this evidence according to the aims of his
or her research. Another complexity is due to
the fact that certain environmental effects con-
cerning the Middle Agces, by chance preserved
by the seismological tradition through a tradi-
tion of historiography often inaccurate and far
from the primary sources, were lound to be
inexact or mistakenly correlated with earth-
quakes. A case in point could be the subsidence
of a part of the island of Malamocco (in the
Venice lagoon), which was considered the effect
of an earthquake in the twelfth century (see the
«earthquake» of Venice in 1106, which was elim-
inated).

Sometimes, however, medieval chroniclers
of urban extraction have concentrated on the
environmental effects and described them with
surprising accuracy, as in the case of Sicily in
the twelfth century. The main effects on the
environment of the 1169 earthquake concerned
changes in water-level in the ports of Catania
and Messina. From these remote testimonies, a
coherent point of view emerges: in Messina and
Catania the sea-waters first withdrew and then
suddenly flowed in again, exceeding their usual
level. It is important to stress that the nature of
the described movement of the sea plus the
general rationality of the phenomena reported
by the sources, suggest a desire to give a faithful
description of the events, rather than a predom-
inance of the logic of the «portent». Incidental-
ly, the reported observations agree with current
models of tsunami generation, thus allowing
researchers in this disciplinary field to constrain
aspects of the source-mechanism of this and
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other ancient earthquakes that would be hard to
achieve on the basis of the distribution of the
effects alone.

Language often envelops such phenomena
in an aura of legend: mountains that split in two,
smoking and howling. The recodification of this
type of strongly figurative language within our
present cognitive models is not immediate. In
general, instead, a better understanding of the
meaning of often fantastical descriptions only
becomes possible when certain effects are re-
peated in the same arcas and in later periods.
Thus, if the splitiing of a mountain can be ex-
plained with reference to the formation of frac-
tures in uneven lands and the smoke to the dust
raised by the rolling of boulders, the howling
can be recognised as the acoustic perception of
low frequencies, possibly amplified by particu-
lar characteristics of the subsoil.

In the sixteenth century, observations of envi-
ronmental effects began to represent an impor-
tant element leading to a better understanding
of earthquakes. The descriptions of environ-
mental effects became the subject of discussion
regarding the actual origin of seismic phenom-
ena: natural philosophers, doctors and natural-
ists began to observe the splitting of the earth,
liquefactions of the ground (leading to general
or differential subsidence of the foundations),
the emission of flaming gases, poisonous exha-
lations and even phenomena of ionisation of
the air («red sky»). The earthquakes that took
place between 1570 and 1574 in Ferrara are a
case in point. From the vast body of memorial
sources analysed (correspondence, personal and
family diaries, and chronicles), a detailed pic-
ture of environmental effects emerged which
included splitting and liquefaction of the ground
in the urban area and in an area around the
city walls, fractures of the soil with the emission
of hot water and steam, and gaseous emana-
tions.

A separate section is made up of the iconog-
raphy of seismic environmental effects, which
despite being of notable interest, is not always
immediately useable and may even be the cause
of misinterpretations. This is due to the fact that,
as in the case of messages expressed verbally,
the communication transmitted through icono-
graphic language relates to a cognitive and cul-

751

tural context that refers to numerous supposi-
tions that were «culturally situateds: these were
therefore immediate for the contemporary read-
cr, but not necessarily so for the modern reader,
who is thus obliged to undertake the long task of
interpretation. Nevertheless, there ure cases in
which the figurative elements to be decodified
are simpler: see lig. 2, lor example, showing
some of the phenomena observed in 1690,
perhaps triggered off or aggravated by the earth-
quake in Romagna in [688. This iconogra-
phic portrayal was made in 1693 by doctor
Marc’ Antonio Melli, who identified the slopes
of Mount Budrialto as the area that recorded the
largest environmental effects of this event: the
engraving shows the landslide and the subse-
quent formation of lakes due to the blocking
and diversion of the River Lamone.

3. From naturalists to seismologists:
between observation and theory

A great observational leap towards more
accurate and more immediately beneficial de-
scriptions within current scientific frameworks
took place in the eighteenth century, clearly as
the result of the huge progress in the sciences
and naturalistic thinking. The descriptions of
the effects of major earthquakes had already
in the previous century proved to be aware of
the marks left on the environment. An cxample
may be seen in the descriptions of the effects
on the environment caused by the earthquakes
in Calabria in 1638, which were also responsi-
ble for creating a large area of marshland
south of Sant’Eufemia (about 180 km’) and a
«60-mile long», «3-palm high» fracture with
displacement on the eastern slope of the Sila.
Consider also the Sannio earthquake of [688;
despite the use of fairly general terms like «split-
ting» and «fissures» in the descriptions, the
authors perhaps referred to much more arficu-
late phenomena potentially providing impor-
tant information about the seismic source. As
regards the large earthquake that hit Eastern
Sicily in 1693, the descriptions are highly de-
tailed (sec in particular the description of the
tsunami at several sites along the coast and
fig. 8).
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Fig. 2. Monte Budrialto (upper Romagna): this non specular engraving was made by Mare’ Antonio Melli in
1690 and published in 1693; the author represented natural changes in the Lamone River caused by the landslide
triggered or worsened by the April 1688 earthquake.

However, it was only after the major earth-
quakes in Calabria in 1783, with the mission
of the Neapolitan academics in the areas worst
hit (Schiantarelli and Stile), that the repertory
of seismic environmental effects acquired a
new importance: landslides, splitting, lakes, land-
slips and chasms were described and often drawn
with great accuracy (see some of these illustra-
tions in figs. 3 and 4 and on the cover of this
volume). There are 267 geo-referenced and de-
scribed observations of the effects on the envi-
ronment relative to the 74 earthquakes of the
cighteenth century listed in the CFTI3.

With the development of positivist sciences,
increasing attention was paid to the earthquake
effects on the environment, During the nine-

teenth century a true naturalistic and geological
approach towards earthquakes was perfected
which allowed as many as 514 observations on
environmental effects to be archived for the 101
analysed events: more than a quarter of the total
number of descriptions gathered. Many of these
contain a remarkable wealth of detail and add
important information about the carthquake it-
self. There are numerous cases: a typical exam-
ple of this new attention is given by the scientif-
ic reports on the earthquake in Calabria in 1894,
for which a ministerial board of experts (Gem-
mellaro, Ricco, Di Stefano) was set up in order
to study the conditions leading to greater dam-
age in certain areas and to prescribe new laws
for rebuilding. The attention with which not
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Fig. 3. Surroundings of Cinquefrondi (Southern Calabria): the observer, the Neapolitan academic Pompeo
Schiantarelli, directly sketched the cracks and sinkings caused by the earthquakes of 5 February 1783. Tuble 29
of the atlas by Pompeo Schiantarelli and Ignazio Stile. in the fsioria de’ fenomeni del remoro... (History of
earthquake phenomena...) published in Naples in 1784,

=

Fig. 4. Surroundings of Oppido {(now Oppido Mamertina, Southern Calabria): ground cracks and landslips
close to the course of the River Cumi, caused by the earthquakes of 5 February 1783, Table 45 of the atlas
by Pompeo Schiantarelli and Ignazio Stile. in the fsioria de’ fenomeni del tremoto... (History of earthquake
phenomena...) published in Naples in 1784,
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only the damage to buildings but also the effects
on the environment were observed demonstrates
a new awareness in which the balance between
established facts and caution reveal an attentive
and competent scientific environment. New el-
ements were introduced that today, in a changed
cognitive framework, allow us to hypothesise a
source-mechanism for this earthquake of 1894,
For example, Ricco describes as follows the
instrumental measurement of altimetric varia-
tions observed at Punta Faro:

«The next morning, at 8.30), the needle indicated
a level slightly lower than that of the previous day at
the same time; and afterwards, on starting the instru-
ment’s clock and paper, it traced a similar line to that
of the day before, but somewhat lower, correspond-
ing to a sca-level 5 or 6 centimetres lower: a longer
study is needed (which cannot be done here) to see
whether this small variation really depends on the
relative lowering of the sea-level, or instead on a
steady rising of the mareograph or of the ground on
which it is installed caused by the earthquake, or if it
is a question of the mechanism being moved as a
result of the quake, or il it is simply a question of the
change in the influence of the sun and the moon and
of the marine and air currents on the tide, which is
more probable» (Ricco, 1907, complete text stored in
the CD-ROM ).

At the start of the twentieth century, the ob-
servation of the effects of large earthquakes on
the environment became part of scientific obser-
vation as the current sense of the term. Observa-
tions of the changes in the coastline caused by
the earthquake at Messina in 1908 (Loperfido,
1909) and detailed descriptions of the ground
failures caused by the Avezzano earthquake in
1915 (Oddone, 1915) were ahead of their time,
placing Italy in an eminent position in the field
of experimental seismology.

4. The geological point of view

Figure 5 shows the distribution of the envi-
ronmental effects more frequently reported
by the sources. The effects most often noted
belong to category A (changes in the landscape).
Within this scheme, the effects described as
«ground breakage, fractures, fissures, splitting»
(A/1,517 descriptions of which fig. 6 shows the
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geographical distribution) and «landslide, earth
flow, mud flow» (A/5, 468 descriptions shown
in fig. 7) are clearly predominant. Where the de-
scriptions do not contain elements allowing a
more accurate classification, the general code of
the most appropriate class has been attributed.

Besides the classification used, which pro-
vides particular detail for the reasons given
above, from a strictly geological point of view
the effects reported by the historical sources
may be sub-divided into two large categories.
The first of these categories includes all the
descriptions that concern the natural environ-
ment’s response to the shaking caused by the
earthquake. The importance of such descrip-
tions lies in the ability to illustrate the distribu-
tion of possible unstable areas and to quantify
the levels of shaking that could trigger off de-
structive phenomena, although a correct read-
ing of the descriptions and identification of the
processes activated is generally difficult and
potentially ambiguous.

Over the past few years, it has been seen that
the availability of independent observations of
the seismic response from buildings and the
physical environment in a specific area is a
fundamental tool for defining detailed high-risk
scenarios, to such an extent that research on the
distribution of effects in limited areas, particu-
larly in cities, is becoming one of the most prom-
ising branches of traditional historical seismol-
ogy. This new trend attempts to create a direct
link between the phenomena observed and the
parameters of the quake capuble of generating
them, in some way replacing the old inadequate
macroseismic procedure which involved attrib-
uting a level of intensity to the different extent
of moedifications of the physical environment.
The Mercalli Scale, for example, assigns degree
VII to the incipient collapse of riverbanks, de-
gree VIII to the formation of cracks and lique-
faction of unconsolidated deposits, and degree
X to the fall of «whole boulders», to reach the
«grandiose devastation» described in the defini-
tion of level XII, in a crescendo that is more
reminiscent of the collective imagination of ca-
tastrophes than of rigorous scientific classifica-
tion. This also applies to similar observations in
the MSK, MM and JMA (Japan Meteorological
Agency) scales.
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categories with more than 20 reported occurrences.

Recently, the matter has been the subject
of different analyses and points ol view, includ-
ing that of Griinthal (1993) and Serva ([994),
the former being expressed within the frame-
work of the «European Macroseismic Scale
1992». These analyses share the basic aware-
ness that the effects of earthquakes on the
environment feature great variability for the
same intensity level. Nevertheless, whilst Serva
concludes by suggesting that such observations
may still be used to evaluate the seriousness of
the effects of past earthquakes as long as they
are measured beforehand against the effects
found in buildings, skepticism and worry seem
lo predominate among the compilers of the
«European Macroseismic Scale 1992» that the
inclusion of these effects in the evaluation of
the earthquake may create more doubt than it
dispels.

The large number of effects on the environ-
ment reported in the CFTI3 and the variety of

L

events to which they refer should allow us to
face this important aspect of research again,
making use of truly significant statistical evi-
dence (see, for example, in figs. 8 and 9 two
maps of geo-referenced effects on the environ-
ment and their estimated impact, taken from the
GIS which handles the data of the information
system in the CD-ROM).

A method of solving certain problems of in-
terpretation posed by the languages of histor-
ical sources in particular cultural settings is to
analyse the cases from the standpoint of differ-
ent disciplines. An example of this type of study
is the Umbria-Marche earthquake of 30th April
1279. The opportunity to study this event in
depth was offered by the now «famous» seismic
sequence of September-October 1997 during
which the basilica of St. Francis of Assisi was
damaged. Indeed, the area of the medieval event
of 1279 was very close to that of the recent
earthquakes in the same area,
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Gulf of Catania

Gulf of Noto

Fig. 8. Earthquake of 11th January 1963:
detail of the seismic scenario with effects on
the environment. Data from CFTI3.
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The interpretation of the 1279 ecarthquake
was in part hampered because the information
from monastic sources of the time could not be
fully understood. According to these sources,
the heavy damage to the fortified hamlet of Ca-
stello di Serravalle was added to the effects of a
landslide which had caused a temporary change
in the local water supply, creating marshy areas
and diverting the river flow. The question that
usually arises in these cases is: how accurate are
the sources? How much is due to direct informa-
tion and how much to literary reports or infor-
mation transmitted orally and hence with inac-
curate or unusable geographical references? One
answer to these questions was found when we
started a field recognition in the area, i.e. when
we were able to move from criticism of the texts
to direct geological observations. In this case it
was possible to identify the remains of a land-
slide near Serravalle di Chienti and identify those
caused by a historical seismic event which did
not contradict the date of the earthquake — a
valuable finding for the preventive assessment
of seismic effects in inhabited areas. In addi-
tion, we found consistency between the geo-
morphological features in the area including
Castello di Serravalle and Serravalle di Chienti
(fig. 10) with the effects of the 1279 earthquake
described by the sources. This analysis in loco
also solved the problem of place names regarding
the Serravalle site, the same name being very
commion in the Apennines and also in the wrea
most damaged by that earthquake.

The second large category of effects of earth-
quakes on the environment includes all the phe-
nomena of permanent displacement of the sur-
face directly leading back to the seismogenic
source. Descriptions of ground breakage, of frac-
tures with lowering of one side with respect to
the other, of subsidence and formation of marsh-
land, particularly if spread over some or many
kilometres, may all represent the surface evi-

dence of the permanent deformations induced
by the earthquake. Although such evidence may
also have great practical importance, for instance
in planning industrial plants or large-scale pub-
lic facilities which would be seriously damaged
by the permanent ground displacement, through-
out the world observations of this category have
fascinated generations of historians, naturalists
and geologists above all for their relative rarity
and for their matchless quality of direct testimo-
ny of the endogenic activity.

There are numerous testimonies in the CFTI3
that describe phenomena which resemble what
today we refer to as «fault scarps», although at
least in some cases these could be purely gravi-
tational and extremely localised phenomena.
Testimonies of potential «fault scarps» had al-
ready been reported a century earlier by Baratta
(1901) for almost all the major earthquakes
in the Southern Apennines (1456, 1688, 1805,
1857), and many more were revealed by twen-
tieth-century research. However, each testimony
has not always offered easily deciphered points
of view, to the extent that it was not until the
1980 earthquake in Irpinia that the geodynamic
significance of this category of effects was fully
recognised by the seismological community
(Pantosti and Valensise, 1990). The CFTI3 con-
tains many ol these testimonies which are still
being worked on. This is why at this stage we
have preferred to avoid forcing geological inter-
pretations which could mislead the reader or
result in the loss of descriptive elements that
could be reinterpreted if necessary in the light of
new knowledge.

Quite paradoxically, in the new cultural con-
text of the beginning of the twentieth century
even the lack of testimonies of surface breaks
may have a strong scientific significance. In his
«La catastrofe sismica calabro-messinese»,
Baratta (191(0) brings extremely detailed de-
scriptions of the earthquake effects both on the
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Fig. 9. Earthquake of 16th December 1857: detail of seismic
scenario with effects on the eny ment. Data {from CFTI3.




Landstide, eanth flow. mud flow

Changes in water temperature

Clouding of springs

Ground breakage, fractures. fissures, splitting

Outflow of water or mud from the ground or liquetacti

Tonian sea

Changes in the flow of springs, appearance or disappearance of
springs

Subsidence, landslip

Exhalation or emission of gnses




Gianluca Valensise and Emanuela Guidoboni

/

g
i 3 |
J Castello di
/¥ " Serravalle

Fig. 10. Location of the main historical landslides of the upper Chienti valley near the town of Serravalle di
Chienti. The flat triangular feature at the bottom left corner is the northeastern edge of the Colfiorite plain, that
overlies the causative fault of the 26 September 1997 earthquake. Landslide A is recent (1988-1989) and partly
due to the presence of a quarry. B indicates an undated debris flow that reached the valley floor temporarily
blocking the river flow. Landslide C alfects the northernmost part of the village of Castello di Serravalle. The
slide (about 1 million cubic metres) originated between 950 and 560 m elevation, involved the local bedrock and
ced the flow of the river. The approximate age, morphological features, type of movement ar \pe of this
lide suggest that it could have been tllEQClCd by the 1279 earthquake (from Boschi ef al., 1998
unpublished r sy Fausto Guzzetti and Mauro Cardinali of the «Istituto di Ricerca per la PIOIEZIOHE
Idrogeologica nell'Italia Centrale», Perugia, Italy).
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human and natural environment, but never men-
tions any geological occurrence that could be
taken as positive evidence for the generation of
«fault scarps». Later on, an investigation by
Boschi et al. (1989) based on the elevation chang-
es measured by Loperfido (1909) reached the
conclusion that the 1908 earthquake was gener-
ated by a «blind» fault (a fault that does not
break through the shallowest portion of the crust),
in agreement with Baratta’s unexpected silence
on this important matter.

5. Ancient measurements and
micro-toponymy

Since the data on the environmental eflects
reported and analysed in the CFTI3 represent an
interpretation of historical data, we considered
it useful to retain a direct contact with the orig-
inal sources both when reporting the ancient
measurements and when including the exact
words used to describe the phenomenon in the
most uncertain cases,

All the quantitative elements of the historical
descriptions have been «translated» as accurate-
ly as possible, using the appropriate conversion
from the different old systems to those of today.
Old measurements of length and surface area
have therefore been given their corresponding
values, with all the implicit approximations
(Martini, 1883).

Evident exaggerations or apparent incongru-
encies sometimes appear in the descriptions.
These may derive directly from the original
sources in the absence of reliable elements to
compare these indications and modify them. In
these cases we have chosen to retain the original
version of the description, leaving the reader
with the task of re-evaluating the statements of
the historical sources or dispelling any possible
ambiguity in interpretation.

In other cases, consideruble difficulty was
encountered in correctly locating the effects
described. This element clearly emerges from
the comparison between the data summarised
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under the general heading «effects on the envi-
ronment» and the relative analytical data in the
section «located effects on the environment,
Indeed, it has not always been possible to cor-
rectly interpret general indications of micro-
toponymy, or references to names of mountaing
and reliefs no longer identifiable, or to stretches
of road between two sites.
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