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Abstract When teaching at a non-English language universi-
ty, we often argue that because English is the international
language, students need to become familiar with English
terms, even if the bulk of the class is in the native language.
However, to make the meaning of the terms clear, a translation
into the native language is always useful. Correct translation
of terminology is even more crucial for emergency managers
and decision makers who can be confronted with a confusing
and inconsistently applied mix of terminology. Thus, it is im-
perative to have a translation that appropriately converts the
meaning of a term, while being grammatically and
lexicologically correct, before the need for use. If terms are
not consistently defined across all languages following indus-
try standards and norms, what one person believes to be a dog,
to another is a cat. However, definitions and translations of
English scientific and technical terms are not always available,
and language is constantly evolving. We live and work in an
international world where English is the common language of
multi-cultural exchange. As a result, while finding the correct

translation can be difficult because we are too used to the
English language terms, translated equivalents that are avail-
able may not have been through the peer review process. We
have explored this issue by discussing grammatically and
lexicologically correct French, German, Icelandic,
Indonesian, Italian, Portuguese, Russian, Spanish, and
Japanese versions for terms involved in communicating effu-
sive eruption intensity.
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Introduction

Due to the needs of internationalization and globalization in
science and education (e.g., Knight 1994; Gacel-Ávila 2005),
a lack of peer-reviewed, industry-standard term translation of
formal nomenclature is becoming an increasing problem. This
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is especially true for teaching and outreach in non-English
speaking countries, where translation of modern terms that
only appear in the English literature is required. Such a need
is recognized through the publication of documents such as
the English–Spanish translation list for common terms in vol-
canology and petrology as drafted by the Geological Society
ofMexico (Sociedad Geológica Mexicana 2016). Given inter-
nationalization of teaching, research, and communication, the
French Education Ministry recently posted advice to teachers
on French–English and English–French translations of inter-
national education terminology, so as to take into account the
proliferation of modern English language teaching terms
(JORF 2017). These are just two examples of English trans-
lation advice currently being disseminated to aid the interna-
tionalization process in universities and research institutes
spanning Germany, Iceland, Indonesian, Italy, Portugal,
Russia, and Japan, whereas English speaking countries al-
ready have well-established and comprehensive guidelines
for appropriate phraseology (e.g., Hansen 1991).

The problem

Experiences from an international volcanology course taught
since 2011 inMexico and open to all Latin-American countries,
illustrated the three main linguistic problems facing us today.
First, an English technical termmay not exist in translated form.
Indeed, we have found that even non-English mother tongue
specialists, used to dealing with English terminology, express a
difficulty when asked to translate a term into their own lan-
guage, because they are so used to the English term. Second,
some terms may have multiple translation options. For exam-
ple, hazard has no translation in Spanish and hence two alter-
native words, Bpeligro^ (danger) and Bamenaza^ (threat), have
been used and inconsistency in usage of the two terms causes
confusion. Third, multiple terms—that have different meanings
in English—may only be expressed by one word in another
language. For example, welding and sintering have only one
word in Spanish Bsoldamiento.^

Translation of effusion rate terms

Given the linguistic nuances of different languages and differ-
ences in alphabets and lexicology across the globe, literal
translations of terms will rarely be appropriate. To explore
translation problems and to begin to refine a blueprint for
multi-lingual transfer of key terms in volcanology, we ex-
plored the problems involved in translation of a terminology
system which is very much based on an English nomenclature
and which does not currently take into account other linguistic
needs. Our test, which originated from a request for translation
of volcanological terms into French for a dissertation, soon
revealed that many international colleagues were facing

similar problems, and a discussion grew homing in on com-
mon issues faced by all languages when translating a new term
from English. The test was based on the fourfold terminology
scheme to define and standardize descriptions of the intensity
(in m3/s) of effusive eruptions (Harris et al. 2007). The initial
scheme was set up due to problems encountered when lava
volume flux values, averaged over different time periods or
spatial scales, or measured using different approaches, were
compared. Terms were used interchangeably for different tem-
poral scales, so that a degree of standardization was required.
The terms and definitions were set up as follows:

1. Instantaneous effusion rate (IER): The volume flux of
erupted lava that is feeding flow at any point in time
(Walker 1973).

2. Time averaged discharge rate (TADR): The volume of
lava erupted over a given time period, so that the dis-
charge is averaged over a known time period (Lipman
and Banks 1987).

3. Eruption rate (ER): The total volume of lava emplaced
since the beginning of the eruption, divided by the time
since the eruption began. The measurement thus uses the
cumulative volume curve to obtain the volume flux to
estimate the volume flux required to generate the volume
at the chosen point in time (Harris et al. 2000).

4. Mean output rate (MOR): Is the total volume erupted
during the entire eruption divided by the duration of the
eruption (Barberi et al. 1993).

The test involved setting up a multicultural, multi-linguis-
tic, and multidisciplinary forum to identify and solve prob-
lems in translation and communication through discussion of
appropriate equivalents in French, Spanish, German, Italian,
Icelandic, Indonesian, Russian, and Japanese. The resulting
translation system is given in Table 1, and the key points of
what turned out to be a lively and productive debate among
the group are reported here. Also, given as footnotes to
Table 1, are the thought processes implemented by each trans-
lator, which is given to illustrate issues that need to be consid-
ered and resolved, when implementing translations of volca-
nological terms.

Discussion

Because many modern classification schemes only appear in
English, students in non-English speaking countries need to
become familiar with English-based terminology. However,
there will also be occasions when a term needs to be translated
for effective verbal or written communication. This may be
true for students, researchers, teachers, hazardmanagers, crisis
responders, laypeople, and tourist guides alike. Anyone, that
is, who needs to speak and communicate science. Thus, to
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cu
an
do

se
te
m
e
qu
e
su

ex
ce
si
vo

pe
so

la
ar
ru
in
e.

(I
n
ar
ch
ite
ct
ur
e,
lig

ht
en
in
g
of

a
he
av
y
co
ns
tr
uc
tio

n
bo
dy

to
av
oi
d
da
m
ag
e)

5.
f.
C
ub
a
y
V
en
.r
ep
re
ns
ió
n
(a
cc
ió
n
de

re
pr
en
de
r)
.

(I
n
C
ub
a
an
d
V
en
ez
ue
la
:t
o
te
ll
of
f
or

to
m
ak
e
an

ou
tb
ur
st
in

an
ge
r)

6.
f.
C
ub
a.
A
ct
ua
ci
ón

m
us
ic
al
,e
sp
on
tá
ne
a
o
pr
og
ra
m
ad
a,
de

un
o
o
va
ri
os

ar
tis
ta
s
an
te
un

pú
bl
ic
o
re
du
ci
do
.

(C
ub
a:
m
us
ic
al
sh
ow

)

(3
)
T
he

lit
er
al
tr
an
sl
at
io
n
of

ef
fu
si
on

ra
te
in
It
al
ia
n
is
Bt
as
so

ef
fu
si
vo
,^
w
ith

Bt
as
so
^
tr
an
sl
at
in
g
th
e
w
or
d
ra
te
an
d
Be
ff
us
iv
o^

th
e
te
rm

ef
fu
si
on
.T

hu
s,
In
st
an
ta
ne
ou
s
E
ffu

si
on

R
at
e
be
co
m
es

BT
as
so

E
ff
us
iv
o

Is
ta
nt
an
eo
.^

H
ow

ev
er
,t
w
o
te
xt
bo
ok
s
on

vo
lc
an
ol
og
y
us
ed

in
th
e
It
al
ia
n
un
iv
er
si
tie
s
ar
e
th
os
e
of

S
ca
nd
on
e
an
d
G
ia
co
m
el
li
(1
99
8)

an
d
B
ar
be
ri
et
al
.(
20
05
).
H
er
e,
w
he
n
de
al
in
g
w
ith

ef
fu
si
on

ra
te
,t
he

au
th
or
s
us
e
th
e
te
rm

Bt
as
so

di
em

is
si
on
e,
^
ad
di
ng

Bd
im

ag
m
a^

(o
f
m
ag
m
a)
to
sp
ec
if
y
th
at
th
ey

ar
e
re
fe
rr
in
g
to
m
ag
m
a.
In

fa
ct
,t
he

te
rm

Be
m
is
si
on
e^

in
It
al
ia
n
m
ea
ns

ju
st
so
m
et
hi
ng

th
at
is
co
m
in
g
ou
to
r

be
in
g
em

itt
ed
,t
hu
s
it
is
no
ts
tr
ic
tly

re
la
te
d
to
la
va
,b
ut
is
in
st
ea
d
a
ve
ry

ge
ne
ra
lt
er
m
w
hi
ch

is
ap
pl
ic
ab
le
to
vi
rt
ua
lly

an
yt
hi
ng
,e
ith

er
fl
ui
d
or

so
lid

,t
ha
ti
ss
ue
s
fo
rt
h
or

is
tr
an
sm

itt
ed
.I
fw

e
m
ak
e
a
co
m
pa
ri
so
n

w
ith

th
e
te
rm

s
us
ed

in
hy
dr
au
lic
s
fo
r
th
e
am

ou
nt
of

w
at
er
th
at
ex
its

fr
om

a
pi
pe
,t
he
n
th
e
te
rm

Bp
or
ta
ta
^
is
pr
ob
ab
ly
m
or
e
ap
pr
op
ri
at
e.
BP
or
ta
ta
^
m
ea
ns

flo
w
ra
te
an
d
re
fe
rs
to
th
e
am

ou
nt
of

fl
ui
d
pa
ss
in
g

th
ro
ug
h
a
pi
pe
,c
on
du
it
or
ve
nt
pe
ru
ni
tt
im

e,
an
d
re
fe
rs
to
so
m
et
hi
ng

fl
ui
d
en
ou
gh

to
fl
ow

.T
he

te
rm

Bp
or
ta
ta
^
w
as
us
ed
,f
or
ex
am

pl
e,
by

C
av
al
la
ro
(1
95
7)
w
he
n
de
sc
ri
bi
ng

th
e
de
cr
ea
se
in
ef
fu
si
ve

ac
tiv

ity
at

St
ro
m
bo
li
du
ri
ng

th
e
19
56

er
up
tio

n
an
d
is
us
ed

al
so

in
th
e
te
xt
bo
ok

of
B
ar
be
ri
et
al
.(
20
05
)
w
he
re

th
e
te
rm

is
sy
no
ny
m
ou
s
w
ith

ef
fu
si
on

ra
te
.T

hu
s
Bt
as
so

ef
fu
si
vo
^
or

Bp
or
ta
ta
^
ar
e
sy
no
ny
m
ou
s
w
ith

ef
fu
si
on

ra
te
,a
nd

w
e
ca
n
us
e
Bi
st
an
ta
ne
o^

(i
ns
ta
nt
an
eo
us
)
to

sp
ec
if
y
th
at
th
e
va
lu
e
re
fe
rs
to

th
e
ex
ac
tm

om
en
tw

he
n
it
w
as

m
ea
su
re
d.
W
he
n
de
al
in
g
w
ith

tim
e-
av
er
ag
ed

di
sc
ha
rg
e
ra
te
,w

e
ca
nn
ot

us
e
a

lit
er
al
tr
an
sl
at
io
n
of

di
sc
ha
rg
e,
w
hi
ch

in
It
al
ia
n
is
Bd
is
ca
ri
ca
,^
be
ca
us
e
th
is
is
no
ta

ve
rb

bu
ta

no
un

w
hi
ch

in
di
ca
te
s
ru
bb
is
h
st
or
ag
e
or

a
ga
rb
ag
e
du
m
p.
In

th
is
ca
se
,w

e
m
ay

th
us

co
ns
id
er
ad
di
ng

Bm
ed
io
^

(t
im

e-
av
er
ag
ed
)
to
th
e
pr
ev
io
us

te
rm

,s
o
th
at
TA

D
R
be
co
m
es

BT
as
so

E
ff
us
iv
o
M
ed
io
^
or

BP
or
ta
ta
M
ed
ia
.^
Fo

re
ru
pt
io
n
ra
te
,t
he

lit
er
al
tr
an
sl
at
io
n
in
It
al
ia
n
is
Bt
as
so

er
ut
tiv

o.
^
H
ow

ev
er
,i
n
It
al
ia
n
Bt
as
so

er
ut
tiv

o^
an
d
Bt
as
so

ef
fu
si
vo
^
ar
e
of
te
n
co
ns
id
er
ed

to
be

sy
no
ny
m
ou
s,
al
th
ou
gh

th
e
w
or
d
Be
ru
tti
vo
^
is
m
or
e
ge
ne
ri
c
an
d
is
ap
pl
ic
ab
le
to
bo
th
so
lid

pa
rt
ic
le
s
er
up
te
d
ex
pl
os
iv
el
y
an
d
em

is
si
on

of
m
ol
te
n
la
va
,

w
he
re
as

Be
ff
us
iv
o^

ca
n
be

ap
pl
ie
d
on
ly

to
m
ol
te
n
m
at
er
ia
l(
la
va
),
bu
tn

ot
to

py
ro
cl
as
tic
s.
T
hu
s,
to

av
oi
d
an
y
m
is
un
de
rs
ta
nd
in
g,
it
w
ou
ld

be
be
tte
r
to

sp
ec
if
y
BT
as
so

de
ll’
E
ru
zi
on
e,
^
to

m
ea
n
th
at
th
e
ra
te

co
ns
id
er
ed

is
tim

e-
av
er
ag
ed

si
nc
e
th
e
be
gi
nn
in
g
of

th
e
er
up
tio

n.
Fi
na
lly
,w

he
n
co
ns
id
er
in
g
m
ea
n
ou
tp
ut
ra
te
,w

e
ca
n
si
m
pl
y
us
e
th
e
lit
er
al
tr
an
sl
at
io
n
BT
as
so

di
E
m
is
si
on
e
M
ed
io
,^
w
hi
ch

is
si
m
ila
r
to
th
e

Fr
en
ch

co
un
te
rp
ar
t.
U
nf
or
tu
na
te
ly
,w

e
al
so

no
te
th
at
Bt
as
so
^
in
It
al
ia
n
al
so

m
ea
ns

ba
dg
er
so

th
at
if
ta
ke
n
ou
to
fc
on
te
xt
a
sm

al
lf
lu
x
(B
un

pi
cc
ol
o
ta
ss
o^
)c
ou
ld
be

ta
ke
n
to
m
ea
n
a
sm

al
lb
ad
ge
r.
A
n
im

po
rt
an
t

po
in
tt
o
m
ak
e
he
re
is
th
at
th
er
e
is
of
te
n
a
ne
ed

to
di
st
in
gu
is
h
be
tw
ee
n
fl
ow

-
an
d
do
m
e-
fo
rm

in
g
ev
en
ts
by

us
in
g
th
e
te
rm

ef
fu
si
on

fo
r
th
e
fo
rm

er
an
d
ex
tr
us
io
n
fo
r
th
e
la
tte
r.
H
en
ce
,t
he

w
or
ds

ef
fu
si
on

an
d

ex
tr
us
io
n
be
co
m
e
sw

itc
he
d
de
pe
nd
in
g
on

er
up
tio

n
ty
pe

(H
ar
ri
s
et

al
.
20
07
).
T
hu
s,
in

th
e
It
al
ia
n
lit
er
at
ur
e,
w
hi
le

th
e
w
or
d
Be
ff
us
io
ne
^
(e
ff
us
io
n)

is
us
ed

fo
r
em

is
si
on

of
fl
ui
d
la
va
s
(l
av
a
fl
ow

s)
,
an
d

Be
st
ru
si
on
e^

(e
xt
ru
si
on
)
is
us
ed

fo
r
er
up
tio

n
of

hi
gh
ly

vi
sc
ou
s
la
va
s
(d
om

es
).

(4
)I
n
th
e
R
us
si
an

vo
lc
an
ol
og
ic
al
lit
er
at
ur
e
th
e
ge
ne
ra
lt
er
m
to
de
no
te
di
sc
ha
rg
e
ra
te
of

la
va

is
BР
ас
хо
д
ла
вы

^
(F
ed
ot
ov

et
al
.1
98
4;
D
vi
ga
lo
et
al
.2
01
4)
.I
fu

se
d
st
ri
ct
ly
in
th
is
fo
rm

w
ith

ou
ti
nd
ic
at
io
n
of

th
e

m
ea
su
re
d
tim

e
pe
ri
od
,i
tc
or
re
sp
on
ds

to
in
st
an
ta
ne
ou
s
ef
fu
si
on

ra
te
(t
he

te
rm

BМ
гн
ов
ен
ны
й
ра
сх
од
^
ad
op
te
d
fr
om

R
us
si
an

hy
dr
og
eo
lo
gy

ca
n
be

al
so

ap
pr
op
ri
at
e)
.H

ow
ev
er
,B
М
гн
ов
ен
ны
й
ра
сх
од
ла
вы

^
(a
lth

ou
gh

no
t
ye
t
us
ed

in
R
us
si
an

vo
lc
an
ol
og
ic
al
lit
er
at
ur
e)

is
pr
ob
ab
ly

a
be
tte
r
fi
t.
T
he

te
rm

BС
ре
дн
ий
ра
сх
од
ла
вы

^
(a
s
w
el
l
as

its
m
od
if
ic
at
io
n
BО
ср
ед
нё
нн
ы
й
ра
сх
од
ла
вы

^)
co
rr
es
po
nd
s
to

tim
e-

av
er
ag
ed

di
sc
ha
rg
e
ra
te
.I
ns
te
ad
,e
ru
pt
io
n
ra
te
an
d
m
ea
n
ou
tp
ut
ra
te
ha
ve

no
sp
ec
if
ic
eq
ui
va
le
nt
s
in
th
e
R
us
si
an

lit
er
at
ur
e.
H
ow

ev
er
,w

e
ca
n
us
e
tim

e-
av
er
ag
ed

di
sc
ha
rg
e
ra
te
(B
С
ре
дн
ий
ра
сх
од
ла
вы

^)
w
ith

an
in
di
ca
tio

n
of

th
e
m
ea
su
re
d
tim

e
pe
ri
od

ad
de
d.
T
hu
s,
er
up
tio

n
ra
te
be
co
m
es
BС
ре
дн
ий
ра
сх
од
ла
вы
с
на
ча
ла
из
ве
рж
ен
ия
,^
i.e
.,
th
e
tim

e-
av
er
ag
ed

di
sc
ha
rg
e
ra
te
si
nc
e
th
e
be
gi
nn
in
g
of

th
e
er
up
tio

n
an
d
m
ea
n
ou
tp
ut

ra
te
be
co
m
es

BС
ре
дн
ий
ра
сх
од
ла
вы

за
вр
ем
я
вс
ег
о
из
ве
рж
ен
ия
,^

i.e
.,
th
e
tim

e-
av
er
ag
ed

di
sc
ha
rg
e
ra
te
du
ri
ng

th
e
en
tir
e
er
up
tio

n.
W
e
no
te
,t
ho
ug
h,

as
in

Fr
en
ch
,u

se
of

th
e
w
or
d

Bд
еб
ит
^
(d
éb
it
or
ou
tp
ut
)i
ns
te
ad

of
Bр
ас
хо
д^

(r
at
e)
ca
n
al
so

be
ap
pr
op
ri
at
e.
A
n
im

po
rt
an
tp
oi
nt
to
m
ak
e
he
re
is
th
at
th
er
e
is
of
te
n
a
ne
ed

to
di
st
in
gu
is
h
be
tw
ee
n
fl
ow

-a
nd

do
m
e-
fo
rm

in
g
ev
en
ts
by

us
in
g
th
e

te
rm

ef
fu
si
on

fo
r
th
e
fo
rm

er
an
d
ex
tr
us
io
n
fo
r
th
e
la
tte
r.
H
en
ce
,a
s
in
It
al
ia
n,
th
e
w
or
ds

ef
fu
si
on

an
d
ex
tr
us
io
n
be
co
m
e
sw

itc
he
d
de
pe
nd
in
g
on

er
up
tio

n
ty
pe
.T

hu
s,
in
th
e
R
us
si
an

lit
er
at
ur
e,
w
hi
le
th
e
w
or
d

Bэ
ф
ф
уз
ия
^
(e
ff
us
io
n)

is
us
ed

fo
re
m
is
si
on

of
fl
ui
d
la
va
s
(l
av
a
fl
ow

s)
,B
эк
ст
ру
зи
я^

(e
xt
ru
si
on
)i
s
us
ed

on
ly
fo
re
ru
pt
io
n
of

hi
gh
ly
vi
sc
ou
s
la
va
s
(d
om

es
).
W
e
no
te
th
at
,i
n
th
e
pa
st
,t
he

R
us
si
an

w
or
d
Bд
еб
ит
^

(d
eb
it)

ha
s
be
en

us
ed

as
an

eq
ui
va
le
nt
fo
r
di
sc
ha
rg
e.
T
hi
s
te
rm

is
w
id
el
y
us
ed

in
R
us
si
an

hy
dr
og
eo
lo
gy

to
de
sc
ri
be

di
sc
ha
rg
e
of

w
at
er
sp
ri
ng
s
an
d
ar
tif
ic
ia
lw

el
ls
an
d
ha
s
be
en

us
ed

on
a
fe
w
oc
ca
si
on
s
to

de
sc
ri
be

la
va

is
su
in
g
fr
om

a
ve
nt
.

(5
)F

or
th
e
w
or
d
ap
pr
ox
im

at
el
y
co
rr
es
po
nd
in
g
to
er
up
tio

n
w
ith

a
sp
ec
if
ic
re
fe
re
nc
e
to
a
dy
na
m
ic
st
at
e
at
w
hi
ch

ga
s,
fl
ui
d,
an
d/
or

so
lid

s
ar
e
em

itt
ed
,J
ap
an
es
e
vo
lc
an
ol
og
ic
al
lit
er
at
ur
e
(e
.g
.,
Fu

jii
et
al
.1
98
8;

K
oy
ag
uc
hi
19
95
;N

ak
ad
a
et
al
.2
00
1)

pr
im

ar
ily

us
es

th
e
te
rm

Bf
u-
n-
sh
u-
ts
u^

(噴
出
),
w
he
re
th
e
Bn
^
so
un
d
rh
ym

es
w
ith

do
ne
.I
ts
ho
ul
d
be

no
te
d
th
at
a
co
m
m
on
ly
us
ed

Ja
pa
ne
se

w
or
d
fo
re
ru
pt
io
n,
Bf
u-
n-
ka
^

(噴
火
),
is
ge
ne
ra
lly

us
ed

to
de
sc
ri
be

th
e
st
at
e
of
a
vo
lc
an
o
ra
th
er
th
an

th
e
ph
ys
ic
al
ph
en
om

en
on

of
m
at
er
ia
lf
lo
w
.T
ra
ns
la
te
d
w
or
ds

co
rr
es
po
nd
in
g
to
ef
fu
si
on

(流
出
),
di
sc
ha
rg
e
(放

出
),
an
d
ou
tp
ut
(出

力
、

放
出
),

ar
e
se
ld
om

us
ed

in
th
e
Ja
pa
ne
se

lit
er
at
ur
e.
T
he

w
or
d,
Bl
i-
ts
u^

(率
),
w
he
re
pr
on
un
ci
at
io
n
of

Bl
i^
is
cl
os
e
to
th
e
fi
rs
ts
yl
la
bl
e
of

liq
uo
r,
is
ad
de
d
to
si
gn
if
y
ra
te
.F
in
al
ly
,a

sc
ie
nt
if
ic
te
rm

is
of
te
n
co
ns
tr
uc
te
d
by

a
se
qu
en
ce

of
at
ta
ch
ed

w
or
ds
,s
om

ew
ha
ts
im

ila
r
to

G
er
m
an
,s
uc
h
th
at
Bf
u-
n-
sh
u-
ts
u-
li-
ts
u^

(噴
出
率
)
no
w
be
co
m
es

er
up
tio

n
ra
te
,f
or

ex
am

pl
e.
T
he

w
or
d
m
ag
m
a
(マ

グ
マ
、

溶
岩
)
ca
n
be

ad
de
d
to

cl
ar
if
y
th
e

na
tu
re
of

er
up
tio

n
ra
te
.I
n
ge
ne
ra
l,
th
e
Ja
pa
ne
se

vo
lc
an
ol
og
ic
al
lit
er
at
ur
e
us
es

th
e
te
rm

Bf
u-
n-
sh
u-
ts
u-
li-
ts
u^

(噴
出
率
)
fo
r
an

er
up
tio

n
ra
te
,a
s
ta
ke
n
fr
om

th
e
te
rm

in
ol
og
y
us
ed

to
de
sc
ri
be

th
e
so
-c
al
le
d
st
ep

di
ag
ra
m
of

K
oy
am

a
an
d
Y
os
hi
da

(1
99
4)
,i
n
w
hi
ch

th
e
cu
m
ul
at
iv
e
er
up
tio

n
m
as
s
is
pl
ot
te
d
ag
ai
ns
tt
im

e.
O
ft
en

th
e
te
rm

its
el
fi
s
no
ts
uf
fi
ci
en
tly

pr
ec
is
e
to
ar
tic
ul
at
e
th
e
tim

e
du
ra
tio

n
ov
er
w
hi
ch

an
er
up
tio

n
ra
te
is
av
er
ag
ed
.
F
ur
th
er

pr
ec
is
io
n
w
ou
ld

th
us

be
de
si
ra
bl
e
to

ar
tic
ul
at
e
th
e
si
gn
if
ic
an
ce

of
nu
m
er
at
or

(v
ol
um

e
or

m
as
s)
an
d
de
no
m
in
at
or

(t
im

e
pe
ri
od
).
T
hi
s
co
ul
d
be

ac
hi
ev
ed

by
ad
di
ng

m
or
e
te
rm

s
in
di
ca
tin

g
th
e
na
tu
re
of

ca
lc
ul
at
io
n.
U
se

of
id
eo
gr
am

s,
ka
nj
ic
ha
ra
ct
er
s
(o
rC

hi
ne
se

ch
ar
ac
te
rs
ad
ap
te
d
in
Ja
pa
n
du
ri
ng

th
e
se
ve
nt
h
an
d
ei
gh
th
ce
nt
ur
ie
s)
,n
or
m
al
ly
ai
d
in
ar
tic
ul
at
in
g
sc
ie
nt
if
ic
te
rm

s
w
ith

ou
t
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cr
ea
tin

g
ex
ce
ss
iv
el
y
lo
ng

w
or
ds

in
Ja
pa
ne
se
.T

he
re
fo
re
,u
se
of
ac
ro
ny
m
s
de
ri
ve
d
fr
om

th
e
Ja
pa
ne
se
la
ng
ua
ge

is
es
se
nt
ia
lly

no
n-
ex
is
te
nt
in
sc
ie
nc
e.
H
ow

ev
er
,t
he
re
ar
e
se
ve
ra
lg
eo
sc
ie
nc
e
te
rm

s
fo
rw

hi
ch

th
e

E
ng
lis
h-
de
ri
ve
d
ac
ro
ny
m
s
ar
e
ap
pl
ie
d
as
-i
s,
i.e
.,
in

th
ei
r
E
ng
lis
h
(n
on
-t
ra
ns
la
te
d)

al
ph
ab
et
fo
rm

,w
hi
ch

in
th
is
ca
se

w
ou
ld

be
IE
R
,T

A
D
R
,E

R
,o
r
M
O
R
.

(6
)B

ah
as
a
In
do
ne
si
a
is
th
e
of
fi
ci
al
la
ng
ua
ge

of
In
do
ne
si
a.
B
ah
as
a
In
do
ne
si
an

ha
s
m
an
y
Bl
oa
n
w
or
ds
^
th
at
ar
e
ad
op
te
d
fr
om

se
ve
ra
ll
an
gu
ag
es
,b
ut
w
ith

di
ff
er
en
tp
ro
nu
nc
ia
tio

n
an
d/
or

sp
el
lin

g
as

th
at
in
th
e

or
ig
in
al
la
ng
ua
ge
.L

oa
n
w
or
ds

ar
e
ve
ry

co
m
m
on

in
B
ah
as
a
In
do
ne
si
a
fo
rs
ci
en
tif
ic
pu
rp
os
es
,w

he
re
th
e
lo
an
s
ar
e
m
ai
nl
y
fr
om

E
ng
lis
h
an
d
L
at
in
w
or
ds
.T

he
w
or
d
Be
ru
ps
i^
is
on
e
ex
am

pl
e
of

lo
an

w
or
d
th
at

is
m
od
if
ie
d
fr
om

th
e
E
ng
lis
h
w
or
d
er
up
tio

n,
w
he
re
w
e
m
ut
at
e
he
re
to
Be
fu
si
^
fo
re
ffu

si
ve
.B

ah
as
a
In
do
ne
si
a
al
so

ha
s
th
e
w
or
d
Bl
et
us
an
,^
w
hi
ch

m
ea
ns

er
up
tio

n,
bu
tB
le
tu
sa
n^

ha
s
a
ve
ry

br
oa
d
sc
op
e
th
at
ha
s

cl
os
e
as
so
ci
at
io
n
w
ith

ex
pl
os
io
n,
bu
rs
t,
an
d
bl
as
ta
nd

w
hi
ch

ca
n
ha
ve

m
an
y
ot
he
ra
pp
lic
at
io
ns
.T

he
w
or
d
Be
ru
ps
i,^

th
ou
gh
,i
s
re
se
rv
ed

fo
rv

ol
ca
ni
c
ac
tiv

ity
.T

hu
s,
to
tr
an
sl
at
e
in
st
an
ta
ne
ou
se

ffu
si
on

ra
te
,w

e
us
e
Bl
aj
u
ef
us
is
ek
et
ik
a,
^
in
w
hi
ch

Bl
aj
u^

m
ay

be
us
ed

as
an

ad
je
ct
iv
e
fo
rr
ap
id
,s
w
ift
or

fa
st
,b
ut
w
hi
ch

m
ay

al
so

be
us
ed

as
no
un

(r
at
e
or

sp
ee
d)
.B

ec
au
se
ef
fu
si
on

ra
te
is
m
ea
su
re
d
at
a
sp
ec
if
ic
po
in
ti
n
tim

e,
th
er
ef
or
e
th
e
w
or
d
Bs
ek
et
ik
a^

(m
om

en
ta
ry
)
ne
ed
s
to
be

ad
de
d,
so

th
at
w
e
ar
ri
ve

at
BL

aj
u
ef
us
is
ek
et
ik
a.
^
T
he

te
rm

tim
e-
av
er
ag
ed

di
sc
ha
rg
e
ra
te
is
tr
an
sl
at
ed

as
Bl
aj
u
de
bi
tp
er
w
ak
tu
,^
ta
ki
ng

no
w
Bd
eb
it^

fr
om

F
re
nc
h
an
d
pe
r
fr
om

E
ng
lis
h,
w
ith

Bw
ak
tu
^
m
ea
ni
ng

a
te
m
po
ra
lp
er
io
d.
W
e
no
te
he
re
th
at
,a
lth

ou
gh

‘p
el
ep
as
an
’i
s
ge
ne
ra
lly

us
ed

fo
rd
is
ch
ar
ge
,i
n
th
e
sc
ie
nt
if
ic
se
ns
e
Bd
eb
it^

ha
s
be
en

ad
op
te
d.
M
ea
n

ou
tp
ut

ra
te
is
tr
an
sl
at
ed

to
Bl
aj
u
lu
ar
an

re
ra
ta
,^

or
Bl
aj
u
lu
ar
an

ra
ta
-r
at
a,
^
be
ca
us
e
w
e
ca
n
us
e
bo
th

th
e
w
or
ds

Br
er
at
a^

an
d
Br
at
a-
ra
ta
^
fo
r
th
e
eq
ui
va
le
nt

of
m
ea
n.

(7
)T

he
Ic
el
an
di
c
te
rm

s
ha
d
to
be

co
ns
tr
uc
te
d
fr
om

sc
ra
tc
h,
be
ca
us
e
no

eq
ui
va
le
nt
sy
st
em

ex
is
ts
in
Ic
el
an
di
c.
In

T
ho
rd
ar
so
n
(2
01
3)
,f
or

ex
am

pl
e,
Bf
ra
m
le
ið
ni
^
(p
ro
du
ct
iv
ity

)i
s
us
ed

fo
rb

ot
h
w
ha
tR

ow
la
nd

an
d
W
al
ke
r
(1
99
0)

de
fi
ne

as
tim

e-
av
er
ag
ed

di
sc
ha
rg
e
ra
te
an
d
fo
r
w
ha
tW

al
ke
r
(1
97
3)

de
fi
ne
d
as

m
ea
n
ou
tp
ut
ra
te
so

th
at
,i
n
th
es
e
ca
se
s,
th
er
e
is
ju
st
a
si
ng
le
w
or
d
(B
fr
am

le
ið
ni
^)

fo
r
al
lf
ou
r
te
rm

s.
T
hu
s

in
st
an
ta
ne
ou
s
ef
fu
si
on

ra
te
w
as

co
ns
tr
uc
te
d
fr
om

Bs
tr
ey
m
i^

fo
r
fl
ux

or
ra
te
of

fl
ow

an
d
Ba
ug
na
bl
ik
^
w
hi
ch

tr
an
sl
at
es

as
th
at

m
om

en
t,
i.e
.,
so
m
et
hi
ng

th
at
is
oc
cu
rr
in
g
in

an
in
st
an
ce
,t
o
gi
ve

Ba
ug
na
bl
ik
s

st
re
ym

i.^
Fo

rt
im

e-
av
er
ag
ed

di
sc
ha
rg
e
ra
te
,B
m
eð
al
st
re
ym

i^
ca
n
no
w
be

us
ed

fo
ra

ve
ra
ge

flu
x
or

av
er
ag
e
di
sc
ha
rg
e,
an
d
Bt
ím

av
eg
ið
^
fo
rt
im
e-
av
er
ag
ed
,s
o
th
at
w
e
ar
ri
ve

at
Bt
ím

av
eg
ið
m
eð
al
st
re
ym

i.^
Fo

r
E
ru
pt
io
n
R
at
e,
BK

vi
ku
fl
æ
ði
^
tr
an
sl
at
es

as
flo

w
of

m
ag
m
a
or

m
ag
m
a
flo

w
ra
te
,w

ith
BF
læ
ði
^
be
in
g
th
e
eq
ui
va
le
nt

of
Bs
tr
ey
m
i^

(i
.e
.,
fl
ow

).
H
er
e
Bk
vi
ku
^
is
dr
aw

n
fr
om

th
e
w
or
d
Bk
vi
ka
^
w
hi
ch

m
ea
ns

m
ag
m
a,
so

th
at
th
e
w
or
d
K
vi
ku
fl
æ
ði

is
bu
ilt
.F

in
al
ly
,m

ea
n
ou
tp
ut

ra
te
ca
n
be

tr
an
sl
at
ed

to
BM

eð
al
fr
am

le
ið
ni

(á
tím

ae
in
in
gu
)^

w
he
re

BM
eð
al
^
is
Ic
el
an
di
c
fo
r
av
er
ag
e
or

m
ea
n
an
d
Bf
ra
m
le
ið
ni
^
m
ea
ns

pr
od
uc
tiv

ity
,s
o
th
at
th
e
qu
al
if
ie
r
Bá

tím
ae
in
in
gu
^
is
ad
de
d
to

st
re
ss

(p
er

un
it
tim

e)
.

(8
)
T
he

w
or
d
Be
fu
si
vo
^
ha
s
di
ff
er
en
tm

ea
ni
ng
s
in
th
e
Po
rtu
gu
es
e
la
ng
ua
ge
,b
ut
is
al
re
ad
y
lis
te
d
in
th
e
di
ct
io
na
ry
as
a
ge
ol
og
ic
al
te
rm

us
ed

to
de
sc
rib
e
a
vo
lc
an
ic
ef
fu
si
on
.R

at
e
w
ou
ld
tra
ns
la
te
as
Bt
ax
a,
^
m
ea
ni
ng

a
ra
tio

be
tw
ee
n
tw
o
m
ea
su
re
s
w
ith

di
ff
er
en
tu
ni
ts
,s
o
th
at
ad
di
ng

Bt
ax
a^

al
lo
w
s
a
lit
er
al
tra
ns
la
tio
n
of
in
st
an
ta
ne
ou
s
ef
fu
si
ve

ra
te
as
Bt
ax
a
de

ef
us
ão

in
st
an
tâ
ne
a.
^
Fo
rt
im
e-
av
er
ag
ed

m
ea
su
re
s,
it
is
no
tp
os
si
bl
e
to
us
e
a

lit
er
al
tra
ns
la
tio
n
be
ca
us
e
av
er
ag
ed

is
a
ve
rb
th
at
do
es
no
te
xi
st
in
Po
rtu
gu
es
e,
an
d
av
er
ag
e
an
d
m
ea
n
bo
th
tra
ns
la
te
as
Bm

éd
ia
.^
T
he

te
rm

di
sc
ha
rg
e
ca
n
tra
ns
la
te
as
Bd
es
ca
rg
a,
^
bu
ts
uc
h
a
tra
ns
la
tio
n
ca
n
be

co
nf
us
in
g

be
ca
us
e
it
is
no
ta

w
el
l-c
on
st
ra
in
ed

te
rm

an
d
ha
s
se
ve
ra
lm

ea
ni
ng
s.
BD

éb
ito
^
is
th
us

a
m
or
e
ap
pr
op
ria
te
te
rm

be
ca
us
e
it
co
rr
es
po
nd
s
to
th
e
Bv
ol
um

e
flo
w
ra
te
of
a
liq
ui
d.
^
W
ith
in
th
es
e
co
ns
tra
in
s,
an
d
ai
m
in
g
to
co
nv
ey

co
ns
is
te
nc
y
w
he
n
co
m
m
un
ic
at
in
g
th
e
co
nc
ep
ts
,t
he

te
rm

s
tim

e-
av
er
ag
ed

di
sc
ha
rg
e
ra
te
,e
ru
pt
io
n
ra
te
,a
nd

m
ea
n
ou
tp
ut
ra
te
ca
n
tra
ns
la
te
as

Bd
éb
ito
^
w
ith

di
ff
er
en
tt
im
e-
de
pe
nd
en
tp
ro
vi
so
s
ad
de
d,
so

th
at
Bm

éd
ia

te
m
po
ra
ld
o
dé
bi
to
^
w
ou
ld
em

ph
as
iz
e
th
e
tim

e-
av
er
ag
ed

(B
m
ed
ia
te
m
po
ra
l^
)n
at
ur
e
of
th
e
di
sc
ha
rg
e
(B
dé
bi
to
^)
;B
dé
bi
to
ac
um

ul
ad
o^

st
re
ss
es
th
at
th
e
m
ea
su
re
m
en
tr
ef
er
s
to
th
e
di
sc
ha
rg
e
(B
dé
bi
to
^)

de
riv
ed

fr
om

a
cu
m
ul
at
iv
e
vo
lu
m
e
(B
ac
um

ul
ad
o^
);
an
d
Bd
éb
ito

m
éd
io
da

er
up
çã
o^

in
di
ca
te
s
th
at
w
e
ar
e
re
fe
rr
in
g
to
an

av
er
ag
e
di
sc
ha
rg
e
(B
dé
bi
to
m
éd
io
^)

fo
r
th
e
en
tir
e
er
up
tio
n
(B
da

er
up
çã
o^
).

(9
)I
n
th
e
G
er
m
an

la
ng
ua
ge
,t
he
re
ar
e
no

w
el
l-e
st
ab
lis
he
d
tra
ns
la
tio
ns

fo
rt
he

fo
ur
te
rm

s
to
be

tra
ns
la
te
d.
T
he
re
ar
e
tw
o
w
ay
s
to
tra
ns
la
te
th
es
e
te
rm

s
in
to
G
er
m
an
,e
ith
er
by

(i)
a
di
re
ct
w
or
d-
fo
r-
w
or
d
tra
ns
la
tio
n,
or
(ii
)

us
e
of

an
eq
ui
va
le
nt
G
er
m
an

ex
pr
es
si
on

th
at
be
st
ca
pt
ur
es

th
e
m
ea
ni
ng

of
ea
ch

te
rm

.T
he

te
rm

s
gi
ve
n
in
ta
bl
e
ar
e
th
os
e
th
at
be
st
ca
pt
ur
e
th
e
m
ea
ni
ng
.

T
he

tw
o
ge
ne
ra
l
te
rm

s
er
up
tio

n
an
d
ef
fu
si
on

bo
th

ha
ve

a
st
ra
ig
ht

tr
an
sl
at
io
ns

in
to

G
er
m
an
.T

he
te
rm

er
up
tio

n
ca
n
be

tr
ac
ed

ba
ck

to
th
e
L
at
in

w
or
d
Be
ru
m
po
,^

w
hi
ch

m
ea
ns

Bt
o
bu
rs
t
ou
t^
.E

ru
pt
io
n
in

G
er
m
an

is
th
us

an
um

br
el
la
te
rm

fo
r
an
y
ty
pe

of
vo
lc
an
ic
er
up
tiv

e
ac
tiv

ity
(M

ur
aw

sk
ia
nd

M
ey
er
20
04
).
E
ffu

si
on

lik
ew

is
e
tr
an
sl
at
es

to
Be
ff
us
io
n^

w
hi
ch
,a
s
de
fi
ne
d
by

M
ur
aw

sk
ia
nd

M
ey
er
(2
00
4)
,i
s
a

de
sc
ri
pt
io
n
of

th
e
ou
tf
lo
w
of

vo
lc
an
ic
la
va

an
d
go
es

ba
ck

to
th
e
la
tin

w
or
d
Be
ff
un
do
^
w
hi
ch

m
ea
ns

Bp
ou
ri
ng

ou
t^
.F

ol
lo
w
in
g
th
e
G
er
m
an

de
fi
ni
tio

n
of

Be
ff
us
io
n^

by
M
ur
aw

sk
ia
nd

M
ey
er
(2
00
4)
,e
ffu

si
on

im
pl
ie
s
flo

w
,w

hi
ch

in
G
er
m
an

is
BF
lu
ss
.^
T
he

G
er
m
an

w
or
d
BF
lu
ss
,^
w
he
n
us
ed

in
a
ph
ys
ic
s
co
nt
ex
t,
im

pl
ie
s
th
at
th
is
is
a
qu
an
tit
y
pe
rt
im

e,
so

te
ch
ni
ca
lly

th
e
se
co
nd

te
rm

ra
te
,i
s
no
ta

ne
ce
ss
ar
y
ad
di
tio

n.
H
ow

ev
er
,a
cc
or
di
ng

to
th
e
G
er
m
an

en
cy
cl
op
ed
ia
B
ro
ck
ha
us
,e
ff
us
io
n
is
th
e
Bo
ut
po
ur
ri
ng

of
la
va
^
an
d
do
es

no
ti
nc
lu
de

th
e
te
rm

flu
x.
T
he
re
fo
re
,t
he

be
st
tr
an
sl
at
io
n
of

ef
fu
si
on

ra
te
in
to
G
er
m
an

w
ou
ld
be

BE
ff
us
io
ns
ra
te
.^
W
e
no
te
th
at
th
e
G
er
m
an

w
or
d
Br
at
e^

is
,h
ow

ev
er
,s
om

ew
ha
tt
ec
hn
ic
al
,a
nd

th
e
la
y
m
an

w
ou
ld
ge
ne
ra
lly

as
so
ci
at
e
th
is
w
ith

th
e
ra
te
s
on
e
ha
s
to
pa
y
on

a
lo
an

or
m
or
tg
ag
e.
In
st
an
ta
ne
ou
s

co
ul
d
ei
th
er

be
tr
an
sl
at
ed

to
Ba
ug
en
bl
ic
kl
ic
h^

or
Bm

om
en
ta
n,
^
w
he
re

th
e
se
co
nd

ad
je
ct
iv
e
be
tte
r
ca
pt
ur
es

th
e
m
ea
ni
ng

of
a
sp
ec
if
ic

m
om

en
t.
T
hu
s,
in
st
an
ta
ne
ou
s
ef
fu
si
on

ra
te

is
be
st
tr
an
sl
at
ed

as
Bm

om
en
ta
ne

E
ff
us
io
ns
ra
te
.^

N
ot
e,
th
ou
gh
,t
ha
ti
f
on
e
re
fe
rs
to

a
po
in
ti
n
tim

e
in

th
e
pa
st
,t
he

ex
ac
td

at
e
ne
ed
s
to

be
m
en
tio

ne
d,
ot
he
rw

is
e
it
is
as
su
m
ed

th
at
th
is
is
th
e
cu
rr
en
tr
at
e
(i
.e
.,
as

of
to
da
y)
.

T
he

te
rm

tim
e-
av
er
ag
ed

di
sc
ha
rg
e
ra
te
in
cl
ud
es

th
e
w
or
d
di
sc
ha
rg
e
th
at
if
tr
an
sl
at
ed

di
re
ct
ly
in
to
th
e
G
er
m
an

la
ng
ua
ge
,w

ou
ld
be

BA
us
fl
us
s,
^
so

th
at
Bz
ei
tli
ch

ge
m
itt
el
te
A
us
fl
us
sr
at
e^

w
ou
ld
be

th
e
di
re
ct

tr
an
sl
at
io
n.
H
er
e,
Bz
ei
tli
ch

ge
m
itt
el
t^
m
ea
ns

Ba
ve
ra
ge
d
ov
er
tim

e,
^
an
d
th
e
tim

e
pe
ri
od

ov
er
w
hi
ch

th
e
av
er
ag
in
g
ha
s
be
en

m
ad
e
w
ou
ld
ne
ed

to
be

ad
de
d
to
be

pr
ec
is
e.
H
ow

ev
er
,B
A
us
fl
us
s^

ha
s
a
ge
ne
ra
l

ge
ol
og
ic
al
co
nt
ex
ta
nd

is
no
ta

vo
lc
an
ol
og
ic
al
te
rm

.T
hu
s,
to
co
ve
rt
he

fa
ct
th
at
th
e
de
fi
ni
tio

n
re
fe
rs
to
th
e
vo
lu
m
e
of
la
va

er
up
te
d
ov
er
a
gi
ve
n
pe
ri
od

of
tim

e,
a
be
tte
rt
ra
ns
la
tio

n
w
ou
ld
be

Bz
ei
tli
ch

ge
m
itt
el
te

E
ff
us
io
ns
ra
te
^,

as
gi
ve
n
in

th
e
ta
bl
e.

A
s
al
re
ad
y
st
at
ed
,t
he

lit
er
al
tr
an
sl
at
io
n
of

er
up
tio

n
w
ou
ld
be

Be
ru
pt
io
n.
^
T
hi
s
te
rm

in
cl
ud
es

an
y
ty
pe

of
er
up
tio

n
fr
om

ef
fu
si
ve

to
ex
pl
os
iv
e,
i.e
.,
em

is
si
on

of
la
va

fl
ow

s,
bu
ta
ls
o
as
h,
la
pi
lli
,a
nd

bo
m
bs
.T

he
di
re
ct
tr
an
sl
at
io
n
w
ou
ld
th
er
ef
or
e
be

BE
ru
pt
io
ns
ra
te
.^
A
cc
or
di
ng

to
th
e
de
fi
ni
tio

n
gi
ve
n
in
H
ar
ri
s
et
al
.(
20
07
),
ho
w
ev
er
,e
ru
pt
io
n
ra
te
re
fe
rs
sp
ec
if
ic
al
ly
to
an

am
ou
nt
of

la
va
,i
.e
.,
ef
fu
si
ve
ly
er
up
te
d
m
at
er
ia
l

an
d
no
te
xp
lo
si
ve
ly
er
up
te
d
m
at
er
ia
l.
In

th
is
ca
se
,a

be
tte
rt
ra
ns
la
tio

n
w
ou
ld
be

BE
ff
us
io
ns
ra
te
^
so

as
to
sp
ec
if
y
th
e
ef
fu
si
ve

na
tu
re
of

th
e
fl
ux
.T
o
in
cl
ud
e
th
e
fa
ct
th
at
w
e
ar
e
co
ns
id
er
in
g
th
e
to
ta
lv
ol
um

e
of

la
va

er
up
te
d
si
nc
e
th
e
on
se
to

f
er
up
tio

n
di
vi
de
d
by

th
e
tim

e
si
nc
e
th
e
er
up
tio

n
be
ga
n,
th
e
pr
op
er

G
er
m
an

ex
pr
es
si
on

w
ou
ld

be
Bm

itt
le
re

E
ff
us
io
ns
ra
te
se
it
E
ru
pt
io
ns
be
gi
nn
.^

L
ik
ew

is
e,

th
er
e
is

no
di
re
ct

tr
an
sl
at
io
n
of

m
ea
n
ou

tp
ut

ra
te

in
to

G
er
m
an
.
O
ut
pu
t
in

G
er
m
an

ty
pi
ca
lly

m
ea
ns

Ba
m
ou
nt

of
pr
od
uc
tio

n
or

pr
od
uc
tio

n
po

w
er
^
w
hi
ch
,
in

th
e
G
er
m
an

la
ng
ua
ge
,
is

BP
ro
du
kt
io
ns
m
en
ge
^
or

BP
ro
du
kt
io
ns
le
is
tu
ng
.^

T
he
se

ar
e
ra
th
er

te
ch
ni
ca
lt
er
m
s
w
hi
ch

re
fe
r
to

in
du
st
ri
al
pr
od
uc
tio

n
an
d
ar
e
th
er
ef
or
e
no
tr
ea
lly

ap
pr
op
ri
at
e.
T
he

de
fi
ni
tio

n
gi
ve
n
by

H
ar
ri
s
et
al
.(
20
07
)

re
fe
rs
to
th
e
to
ta
le
ru
pt
ed

vo
lu
m
e
(h
er
e
no

di
st
in
ct
io
n
be
tw
ee
n
ef
fu
si
ve

or
ex
pl
os
iv
e
is
m
ad
e)
so

th
e
G
er
m
an

w
or
d
BE

ru
pt
io
n^

ca
n
be

us
ed
.A

s
it
is
a
ra
te
w
e
ar
e
re
fe
rr
in
g
to
,w

e
ca
n
us
e
BE

ru
pt
io
ns
ra
te
,^
an
d

be
ca
us
e
it
is
av
er
ag
ed

ov
er
th
e
en
tir
e
er
up
tio

n
du
ra
tio

n,
w
e
ar
ri
ve

at
BE

ru
pt
io
ns
ra
te
ge
m
itt
el
tü
be
rd

ie
ge
sa
m
te
E
ru
pt
io
ns
da
ue
r.^

H
ow

ev
er
,i
fe
xa
m
in
es

B
ar
be
ri
et
al
.(
19
93
)B
la
va

ou
tp
ut
^
is
al
so

us
ed
,w

hi
ch

w
ou
ld

yi
el
d
BE

ff
us
io
ns
ra
te
ge
m
itt
el
tü

be
r
di
e
ge
sa
m
te
E
ru
pt
io
ns
da
ue
r.^

W
e
in
cl
ud
e
th
e
fo
rm

er
te
rm

in
th
e
ta
bl
e.

Bull Volcanol  (2017) 79:57 Page 5 of 10  57 



make classification schemes and technical vocabulary global-
ly accessible, appropriate translation and definition of termi-
nology is essential. In providing this, the translation must be
appropriate as well as grammatically and lexicologically cor-
rect while avoiding false friends and words that have mislead-
ing connotations. The term also needs to be used consistently
across all institutes and carry the same connotation or defini-
tion whether used by person A or person B in country Y or
country X. We found that achieving such a translation system
is no easy task, with major problems being dialects, false
friends, and inconsistency of word definition and meaning,
even within a single language.

Dialects

Indonesia has 78 historically active volcanoes and 76 volcano
observatories (http://volcano.si.edu/region.cfm?rn=6) and
719 different dialects. In such a case, completing a
translation for all dialects is an impossible task so that
forum-based discussion is required to reach a term that works
in and is recognized across all dialects. Indonesia uses Bahasa
Indonesian as the cross-dialect language. Because 79.5% of
the population aged 5 years or over perform everyday house-
hold communication using local dialects (BPS 2010), the use
of Bahasa Indonesian is a necessity if a common understand-
ing is to be achieved. In Bahasa Indonesian, many words for
volcanological terms are adopted from foreign languages, es-
pecially from the English language, such as Befusif^ for
effusive. However, a few words have been merged from local
(especially Javanese) dialects, so that—for example—Bahasa
Indonesian uses Bwedhus gembel^ (literally meaning hairy
goat) for pyroclastic flow. On the other hand, Bahasa
Indonesian has given the world the word Blahar^ which is
now the i n t e r n a t i ona l t e rm fo r vo l c an i c l a s t i c
hyperconcentrated flows and debris flows.

Intralinguistic problems

In putting this forum together, there was some discussion re-
garding the need for different sections for Castilian Spanish
andMexican Spanish and consideration of differences in word
usage and meaning between Colombian, Peruvian or Chilean
Spanish, or between Guatemala, Costa Rica, and Ecuador. We
note that in some countries, one word is more popular than in
others, but this does not mean that the other words are incor-
rect. There was debate, for example, of the use of Bdescarga^
for discharge which would not be used in Castilian Spanish,
because it means to unload or download and is used for elec-
trical discharge but not frequently for liquids. However, it is
used for fluids in Mexico (see Table 1, footnote 2). Castilian
Spanish would instead use Bcaudal,^ as used for river flow. In
these cases, it could be best to introduce the English term or a
close relative to it. This, for effusion would be Befusión,^

where some Spanish dictionaries do define Befusión^ as the
pouring out of a liquid, as well as Bthe enhanced expression of
hearty, happy feelings^. Thus, although the term Befusivo^
does not yet exist in the royal academy of the Spanish lan-
guage dictionary as an equivalent for effusive, it does exist in
the world reference dictionary, and the term Bvolcan efusivo^
has been used for more than a century in both Latin-America
and Spain. We argue that words such as effusion are now so
widely used in the literature that introducing new, alternative
terms in another language may only make the concept confus-
ing. In the case of some languages, introducing a new and
foreign term simply requires addition of the correct article
(masculine or feminine) in front of the foreign noun, which
in Italian requires adding the masculine article (i.e., Bil^).

Inconsistency of word definition

The problem of the false friend and impossibility of direct
translation is an issue that comes upmultiple times in the notes
of Table 1. This problem can be accentuated by inconsistency
of word definition across popular dictionaries in the same
language and by the fact that the same word may also have
several non-scientific meanings. If such a word is taken out of
context, it may deliver an unintended message. In French, for
example, the term weathering is translated to the term
Baltérer^ (i.e., to alter) by Michel et al. (2004). In English,
the term alteration has an altogether different meaning and
connotation than weathered. Instead, the French dictionary
of geology published by Dunod (Foucault and Raoult 2010)
offers the term Bmétéorisation^ for the equivalent of
weathering, defining it as Balteration of terrain under the ac-
tion of meteorological agents.^ Unhelpfully, though, Foucault
and Raoult (2010) add that Bmétéorisation^ is a term that is
Blittle used,^ indicating a preference for the term Baltérer^
(which was updated to a preference for Baltération
météoritique^ between the fifth and seventh editions of the
dictionary). To complicate matters further, one general
French language dictionary (Le Petit Robert) iterates the geo-
logical usage of Bmétéorisation,^ but also reserves the term for
Binflation of the abdomen due to gas accumulation in the
digestive system.^ The problem of consistency in definition
is confirmed by reference to the Hachette and Oxford
French—English ▪ English–French dictionary which does
not recognize Bmétéorisation,^ but adds a third term to the
mix by offering Bs’éroder^ (to erode) as the French equivalent
for weathering Bof rocks or landscape.^ This is partly correct
because according to the geomorphology glossary of
Delcaillau (2011), Bmétéorisation mécanique^ applies to sur-
face erosion by meteorological factors, such as action of
freeze-thaw cycles. There is also Bmétéorisation chimique^
which should be the equivalent of chemical weathering in
English. However Derruau (1988), in another geomorphology
glossary, defines this as biochemical process acting on rocks
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and minerals Bat depth, at high temperatures and by hydro-
thermal circulation,^ which sounds more like a definition of
hydrothermal alteration than of chemical weathering. In such
a case, a student or lay person new to the subject (and without
access to specialist textbooks or to an expert) will obtain a
different impression of term-meaning depending on which
dictionary is used and will likely end up quite confused if
multiple sources are consulted. Our discussion here raises
two other points. First, a specialist would likely not use a
standard language dictionary, such as Le Petit Robert,
Larousse, Oxford English Dictionary, or Merriam Webster’s
to define scientific terms in their field, but a journalist or
politicianmight.We thus need to be aware of definitions given
in such popular sources and the perception of the process it
may generate. Second, consistency is required within any sin-
gle scientific culture.

Let us now add the complication that for the Spanish lan-
guage, there will be preferred synonyms and verb usages in
Spain and the many Spanish-speaking countries across the
Latin-American region so that what might seem appropriate
for a Mexican may not be appropriate for a Peruvian or a
Colombian or an Argentinian. For example, in Mexican-
Spanish, two words exist for weathering, these being
Bintemperismo^ and Bmeteorización.^ The former though,
does not exist in Castilian-Spanish. We may argue the same
for the English language, where in English-English our aim is
to standardise a global system, whereas in American-English
we would seek to standardize. Our aim is not to standardize
spelling systems (although a spelling system must be used
consistently within a single document) but instead to allow
for communication within and between languages in a manner
that is clear, accessible, recognized, consistent, avoids confu-
sion, and which, most importantly, delivers the intended mes-
sage. In this regard, we follow the lead of Michel et al. (2004)
whose dictionary provides both American-English and
English-English translations for French terms taking into ac-
count differences in the spelling system and nuances in word
usage between the USA and UK. For example, Michel et al.
(2004) translates the French term Béclat gras^ into Bgreasy
lustre, soapy luster (US).^ Such a caveat appears particularly
important for English and Spanish where a language has
spread across continents and doing so has evolved differently
from country-to-country.

Acronyms

In attempting to produce multi-lingual acronyms, our test was
negative. We simply ended up with too many confusing acro-
nyms for the same term. We thus stress that use of acronyms
are not helpful, as these vary from language-to-language and
mean that native English and non-Native English speakers
will become lost when presented with texts and talks that
include usage of acronyms. We thus advocate an avoidance

of acronyms in communications. The Chicago Manual of
Style recommends that Bthe use of less familiar abbreviations
should be limited to those terms that occur frequently enough
to warrant abbreviation – roughly five times or more within an
article or chapter – and the terms must be spelled out on their
first occurrence^ (University of Chicago Press 2010). Take for
example, MOR—as used here for mean output rate of lava
during an eruption. MOR is also commonly used to abbreviate
mid-ocean ridge. If we type mid-ocean ridge MOR into
Google Scholar, we find 36,000 returns, although it is not until
the year 1983 that we see a return for the abbreviated form of
mid-ocean ridge, with Francheteau and Ballard (1983) being
among the first to write Bmid-ocean ridge (MOR).^ This, we
note, is not an abbreviation related to mid-ocean ridge basalt
(MORB), but is just a shortcut so that a phrase such as
Bsegments of the mid-ocean ridge^ can become Bsegments
of the MOR.^ By the year 1982, 18,500 (50%) of the articles
returned by Google Scholar dealing with mid-ocean ridge is-
sues had been published, without recourse to a need for ab-
breviation. On the other hand, some acronyms (such as
MORB) are so well known and accepted as international ref-
erences that they may not need to be translated, a point which
will also applies to many geochemical and physical standards.

Communication beyond science

On a local level, we point to the need for flexibility. If com-
municating with local stakeholders, we may need to adopt a
different language than the one we would use within a scien-
tific group. Crucially, the layman equivalent of a scientific
term may have a completely different meaning when translat-
ed. For example, Bvolcanic spreading^ can be translated into
Spanish as Besparcimiento volcánico.^ However, the word
Besparcimiento^ has three meanings in Spanish: spreading,
being socially at ease, and fun; so, when the word is used
beyond the scientific community, the implication might be,
for example, that the volcanoes are having fun. As a result
Bexpansión^ or Bpropagación^ could be good alternatives.
Likewise in Italian, Btasso^ can mean flux or badger (see
Table 1, Footnote 3). In this case, we need to recognize and
adopt the terms that make more sense locally (even if that
means having several terms for the same measurement) or to
clarify the exact sense in which we are applying the word.
Likewise, we need to recognize that groups with, for example,
industrial or management cultures, rather than an academic
culture will have different linguistic preferences, styles, and
terminology systems. Ultimately, the usage of words is a per-
sonal choice, and there will always be situations where a sin-
gle word will have several different translations, and different
individuals may not always feel that a term used by another
person is necessarily the best option. However, what is argued
here is a need for consistency and consensus in translation of
established nomenclature, with recognition of regional caveats
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which are identified through open forum discussion, but that
does not cause the community to arrive at several different
terms for the same phenomena.

Definition with imagery

When communicating between languages and even between
different disciplines in the same language, imagery is well-
known to be more effective of memory retention of message
than words (e.g., Standing et al. 1970; Neisser and Kerr 1973;
Paivio and Caspo 1973; Standing 1973). Numerous studies
thus argue that learning is maximized if communication is
delivered in a mixture of narrative and imagery (e.g., Mayer
and Anderson 1992; Mayer and Simms 1994; David 1998).
The graphical representation of the definition system onwhich
we focus here, as sketched up during our discussions to re-
solve the differences inmeaning of each term amongmembers
of this forum, is given in Fig. 1. Following Stewig (1992),
Fang (1996), Sipe (1998), and Carney and Levin (2002), we
very much support the use of illustrated dictionaries as a fa-
cilitator of effective term meaning and message delivery for
cross-cultural and cross-linguistic communication.

Translation forum

The scope and fluidity of our debate supports the need for an
international committee charged with establishing and contin-
ually revising translations, while maintaining notes on the
issues associated with each translation (e.g., Table 1). This
committee, ideally a commission of IAVCEI, would thus be
charged with proposing a formal nomenclature translation
scheme, with a wider consensus, through an open forum.
This might occur in two stages. First, the committee would
set up an open and interactive online discussion forum (using

an open source bulletin board-type software) where anyone
could become a member of the forum and contribute. There
could be sub-forums for each language. Eventually, we would
envisage the committee acting as an editorial board for a
multi-lingual translation dictionary for all core, volcanological
languages. Given the scope of such a dictionary (which if
following the lead here would translate into nine different
languages and three different alphabets) a thematic grouping
of terms may be better than the traditional, alphabetic dictio-
nary approach. That is, one section each for magma terms,
effusive volcanism, volcanic clouds and plumes, pyroclastic
density currents, hydrothermal systems, and so on. These cat-
egories could be identified and laid out by the steering com-
mittee as Bsticky posts^ on the forum with a list of initial
keywords in need of translation in each category; a list
which—of course—would not be exclusive. Continual up-
dates would be required to take into account the continual
evolution of our languages.

Conclusion

Our attempts at a global translation scheme that retains the
meaning of a volcanological term, while respecting
language-to-language grammar, alphabet, and lexicological
differences led us to four main conclusions. That is, an effec-
tive translation system needs to obey four rules:

1. It must obey alphabet and accent formats;
2. It must be lexigraphically correct;
3. It must be grammatically correct;
4. While maintaining and conveying the intended meaning

of the term.

The term should also be unique and non-overlapping. That is,
there is only one word for each object or process so that there is
no confusion as to which word needs to be used. The key is, we
need to agree on translation schemes that are consistent within a
language and coherent across languages, and which delivers the
correct message when communication is between science and
other stakeholder groups or cultures. This need, in volcanology,
is pressing becausemodern terms often do not appear in even the
best dictionaries of Earth Sciences and Geology. All terms con-
sidered here, for example, do not appear in the English–French ▪
French–English Earth Sciences dictionary of Michel et al.
(2004), nor in the French dictionary of Geology (Dictionnaire
deGéologie) of Foucault and Raoult (2010). The same is true for
many other modern terms used in effusive volcanology such as
the lava unit and flow-field classification terms of Walker
(1972), the inflation terminology ofWalker (1991), or thewidely
used dome classification scheme of Blake (1990). We therefore
point to the urgent need for a forum that focuses on inter-
language terminology transfer. Such a scientific translation

Vo
lu

m
e

Time (days, weeks, months, years)

MOR

ER

ER

Time (seconds, 
minutes, hours)

IER

TADR

Fig. 1 Graphical representation of the meaning of effusion rate (IER),
time-averaged discharge rate (TADR), eruption rate (ER), and mean out-
put rate (MOR)
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model has long been in place in the remote sensing community,
if only for the French language. For this, in 1997, the Conseil
International de la Langue Française (Paris, France) published
the exhaustive tome entitled Remote Sensing Terminology
(Terminologie de Télédétection). This definition and translation
forum was charged with setting up, maintaining, editing, and
updating a translation dictionary (CILF 1997).

The findings of our current inter-lingual discussion are that
there is now a need for an international forum charged with
laying out appropriate, consistent, non-overlapping, transla-
tions, abbreviations, and acronyms in volcanology. This inter-
national community service would be based on identification
and continual review, of terms in need of multi-lingual con-
version. A good starting point would be to apply the blueprint
of Table 1 to the glossaries of the Encyclopedia of Volcanoes
(Sigurdsson et al. 2015). Based on our many communication
and translation experiences as teachers and researchers in non-
English speaking countries, we argue that this need is a press-
ing one in today’s internationalized world.
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