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1. INTRODUCTION

Tone terracing is a term commonly used in reference
to the set pf interrelated phenomena known as downdrift,
downstep, upstep and upsweep, which have been widely ob-
served among many African languages and some American In-
dian languages.* The most commonly reported of these phe-
nomena are downdrift and downstep. Downdrift is generally
defined as an automatic progressive overall lowering of
pitch throughout a phonological phrase. Thus in a sequence
of alternating high (H) and low (L)} tones, for example,
each occurrence of H (or L) is slightly lower in pitch
than the preceding occurrence of the same tone, so that
the overall pitch pattern of the phrase is a downward
"terraced" one. Generally, this type of lowering does not
occur between adjacent occurrences of the same tone. A
well known example of downdrift is the following sentence
from Akan {Schachter 1961:235), which has the underlying
tone sequence as indicated in (1), but a surface repre-
sentation with six phonetically distinct levels of pitch,
as indicated in (2}:

(1) me-de-me-n-na-m-fo-no-ba-a-me-fi
L L HH LL L H HL H L
'I brought my friends to the house,'

(2) - -
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As a result of downdrift, an underlying H at the end of
a long phonological phrase may be realized on a lower
pitch than a L occurring in an earlier part of the phrase.

The process of downdrift is automatic in that given
any seguence of tones, every H after L is always one step
lower than a preceding H and every L after H is always
one step lower than a preceding L. Occasionally, a drop
in pitch is observed to coccur on a H immediately after an-
other H. The position of such a drop is not directly pre-
dictable from a given surface sequence of tones. This
drop is referred to as downstep.

The phenomenon "upstep" has the characteristic of
raising the pitch of a tone one step higher thgn a pre-
ceding occurrence of the same tone. In the position where
the tone is expected to undergo downdrift, upstep brings
the tone back to a pitch level as high as the preceding
occurrence, so that it appears as if no downdrift has oc-
curred in this position. The occurrence of "upsweep" 1is
less frequently observed. It involves the successive o-
verall raising of pitch over a seguence of some sort.

The processes of tone terracing have been described
and analyzed in various ways in the literature. In this
paper I will examine the essential properties of tone ter-
racing, and address the problem of what an optimal theory
of formal representation may look like that best accounts
for these properties and gives a principled explanation
for their clustering. In section 2, I will outline the
major features of terracing. It is then proposed in sec-
tion 3 that a c¢orrect understanding of the types of phe-
nomena under consideration requires {a) that we draw a
clear distinction between matters of tone and matters of
pitch; (b) that tone and pitch should be represented as
two autonomous levels such that rules may apply on one
level without regard to the internal structure cof the oth-
er level; and (c) that, like stress, tone and pitch should
be given a metrical treatment. In section 4 I will compare
the theory with earlier proposals and show that these ear-
lier attempts are inadequate either in that they do not
make correct empirical predictions or in that they do not
capture real significant generalizations, or both. In the
last section I will return to the proposed theory and
make a number of extensions and refinements to accommodate
more complicated cases of terracing.
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2, IMPORTANT PROPERTIES OF TONE TERRACING

Among the features of tone terracing that have Leen
reported in the literature, the following are generally
held to be true:

(a) Since the occurrence of downdrift is automatic,
it does not necessitate the recognition of additional to-
nemes, For example, in a two~tone language in which down-
drift occurs, for each phonemic tone recognized, there is
at most one different kind of tone following or preceding
it. The status of downstep, on the other hand, may be re-
garded as partially phonemic, 1in that its position of oc-
currence 1is not directly predictable from the surface
though, once its position is known, the way it influences
the pitch realization of a phrase is predictable. Each
downstep H establishes a ceiling for all following H
tones, so that followlng a downstep H there is again at
most one contrasting tone. This fact crucially distin-
guishes a downstep H in a two-tone language from what
might be recognized as a mid tone in a three-tone lan-
guage, which would be fully phonemic in that there could
be two contrasting tones found after and before it.

{b) The interval in terms of pitch values between a
H and a following L, or between a I, and a following H,
remains relatively constant throughout a phonological
phrage. This fact can be easily seen from the representa-
tion given in (2} above. The interval between the second
H and the immediately following L, for example, is the
same as that between the fourth H and the immediately fol-
lowing L, and that between the fifth H and the following
L, This fact indicates that underlying tonal contrasts
are somehow "preserved” despite the extent to which ter-
racing has occurred to influence the realization of tones.

(¢} The distance in pitch height between two occur-
rences of the same tone in a terraced sequence is often
not equal to {and is usually less than) the distance be-
tween two phonemic tones. For example, for a given speaker
a H may be realized at a pitch level higher than a fol-
lowing L by 80 Hz on the fundamental frequency, while a
downstepped or downdrifted H may be lower than its pre-
ceding H only by 20 Hz or so. This fact can again be seen
directly from the representation given in (2), The drop
that occurs on the third H, for example, is smaller in
size than what happens between a H and a following L,
since this H is still higher than the preceding L.!

{d) A related point is that the ratio of the amount
of drop involved in terracing in relation to the distance
between phonemic tones need not be constant in a given
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age, or even for a given speaker. There is enough
i:gggazién that this is the case. For example, in C}ifton's
(1976} study of Twi, the sentence in (3) below is given
two distinct pitch representations, as (3b) (p. 182) and
(3c) (p. 187):

{3) a. m& sekdn foforo keset no  nye

H !H!H H:H H L HH H L H

‘My other big knife 1is no good."
b. 1 2 3 3414 6 55 5 76
c. 1 23 3 4 4 7 55 5 B 6

In (3a), a H immediately after ! represents a downstep H.
In {3bJ and (3c) integers are used to represent ptih
height, with the higher numbers indicating lower pitch
values. In both (3b) and (3¢), each instance of downstep
or downdrift is represented by a drop of one pitch in-
crement from the preceding occurrence of the same tone.
The contrast between a H and a following L, on thelother
hand, is indicated to have the value of two pitch incre-
ments in (3b) (the contrast between 4 and 6 or betwgen 5
and 7), twice the amount of each instance of terracing,
but in (3c) this contrast is indicated to be three times
the amount of each instance of terracing {three pitch in-
crements between 4 and a following 7 and between 5 and‘a
following 8). Whether or not these are precise reflegtlons
of the actual variations, the fact that both transcrip-
tions are used indicates the possibility of vari§tion.

Another indication of the variation is provided by
the phenomenon of "speech planning” (Welmers 1973:88). It
happens that speakers must vary the amount of pitch drop
that occurs in terracing based upon the lengtb of an ut-
terance, the longer the utterance, the less pitch drgp_at
one time. This is understandable in that one has a limited
pitch range within which to realize an indefinite number
of levels resulting from terracing in utterances of vary-
ing lengths. )

Still another indication of the variation is the fact
that speakers not only differ with respect to their pitch
range (ac observed between male and female speakers!, but
also vary their pitch range depending upon speech situa-
tions. A Chinese radioc announcer, for example, uses a
nuch wider pitch range at work, so that the toneg are more
clearly distinct, than when he or she speaks on informal
occasions. Thus the amount of pitch dreop per Snstagce of
sForasior MAEAY VEIW SIom oS SITUEIICN LT ENITIEIL. CZEDEDLS
ing upon the pitch range used in each situation.

{e) Downdrift of a sequence of the form HL HL H ...
is often perceived in a different way than downdrift of a
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sequence of the form LH L H L ... In particular, in the
former case, downdrift is perceived as involving a lower-
ing of a non-initial H (among others), while in the latter
case, downdrift may be perceived as involving a "raised"
initial L.

(f) Tone terracing does not occur phrase-initially.
In Armstrong (1968:51), for example, this fact is simply
built into the definition of downdrift: Downdrift is de-
fined as "the tendency of non-initial low tones to pull
succeeding high and mid tones downwards in pitch.” The
lack of phrase-initial downstep has also been indicated
by various writers (e.g. Peters 1973).°2

(g) The amount of pitch drop that occurs at each in-
stance of phonemic downstep is exactly the same as that
which occurs at each instance of automatic phonetic down-
drift within a given phonological phrase. In the Twi sen-
tence above, for example, each instance of downstep !H in-
velves the drop of one pitch increment, as seen between
the values of the first and second tones in (3); and each
instance of downdrift also involves exactly the same a-
mount of drop, as seen between any two Hs separated by a
L. This fact shows that downdrift and downstep have some-~
thing in common, and should be scmehow related.

(h) In a sequence involving both downdrift and down-
step, a downstep H always occurs after another H; there
is never a downstep H immediately after a L, One can again
see this from the Twi example above.

The eight properties that we have outlined above are
more or less well known and generally held to be true.
Let us now consider the following question. Assuming that
these are true properties of tone terracing, what are the
generalizations, if any, that they express, and how should
they be treated in an optimal theory ©of mental representa-
tion? Any theory that aims to adequately account for the
phenomena of tone terracing must take inte consideration
all of these properties as well as whatever generaliza-
tions they express. We now turn to the task of construct-
ing such a theory.

3. AN AUTOSEGMENTAL-METRICAL ACCOUNT

Let us first consider what possible generalizatiop:

TWEL LE TIEWT DX TOn nrlLns et o, lrnen Eroue P Y

through these propertiés reveals certain interesting com-
mon features among them. On the basis of their common fea-
tures they seem to fall naturally into three groups. In
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particular, the first three properties, indicated in ({(a},
(b), and (c), jointly indicate that tone terracing does
not affect underlying tonal contrasts, or that matters of
tonal contrasts are quite distinct from matters of tone
terracing. The next three properties, indicated in (d),
{e), and (f), suggest the generalization that there is
nothing "absolute" in value, either in tonal contrasts or
in matters of tone terracing. Rather, what is relevant is
the relative value of tones or pitch. A H is relatively
high in relation to a L. A& tone having undergone downstep
is lower in relation to a preceding occurrence of the same
tone. The actual pitch values of these entities are large-
ly irrelevant for linguistic purposes. Finally, the last
two properties, (g), and (h), both suggest that downdrift
and downstep are c¢losely related phenomena.

The generalizations indicated may not be entirely
obvious at the moment, but I will assume them to be cor-
rect and go on to consider possible ways to account for
them. They should become clearer as we continue. Consider
the first generalization. One way to capture it is to
characterize tone terracing as a process that operates
on an extra-tonal level without regard to the internal
structure of the tonal level. To see how this may be done,
it is useful to draw a distinction between the notions of
pitch range, or register, and tone.

Tones are linguistically abstract entities expres-
8ing, in the languages in which they occur, an opposition
between any two tone-bearing units (rimes or vowel-nuclei)
within a given range of pitch., Pitch, on the other hand,
corresponds more closely to the values of fundamental
frequency. A register, or pitch range, sets the range
within which contrasting tones are defined.

Given this distinction, let us now look at tone ter-
racing in the following way. Since terracing preserves
tonal contrasts, we may say that it incolves the shifting
of the register only, but not of the tones. More specifi-
cally, I propose that (a) tones and pitch registers be
represented as two autonomous levels, and (b} terracing
be represented as a process operating in the registral
level alone, making no reference to the internal structure
of the tonal level. This proposal thus incorperates the
theory of autosegmental phonology of Goldsmith (1976) and
further extends it, claiming that, just as tones consti-
tute an autonomous level somewhat independent of segments

{(as Goldsmith argues), registers alsoc constitute an au-
tonomous level somewhat independent of tones (and of seg-
ments) .,

As for the second set of properties, I propose that
a natural extension of the "metrical" theory of stress of
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Liberman and Prince (1977) will serve our pu -
turing the generalization that Seems to un§e§§;s§h2; CEE-
bermap and Prince argue that stress values are entirély
relative, and that an adequate system of representation
should not make crucial use of integers, such as [+ 3
stress], etc., as in the system developed in Chomsky and
Halle {1968). Instead, they provide a system whereby
stress-bearing units are organized under a tree each of
whose nodes is labeled as either relatively strong or
weak in stress in relation to its sister node. The noticn
gé ;itatévg Segree inherent in their approach may be easi-
ende O our
racing] treatment of tones and of tone ter-
Finally, in order to capture the generali i
d0wndFift and downstep are c?osely relgteg piéﬁgg;gz tgat
Eiﬁgilble idea is to analyze them in such a way that'they
Propozg-some common rule or principle in the system we
These are the ideas that ma lead us to th i
kind of theory required. I will gow spell out oier;ggz of
execution that will put these ideas to work. I propose
that every sequence of tones is organized intoc a Sequence
of formal objects called "tonal feet," in much the same
way that a sequence of segments is organized into a se-
quence of formal objects called syllables. These tonal
feet are then regarded as the basic pitch~bearing units
upon which the assignment of pitch register values will
occur, in much the same way that the syllables (or rimes)
are the basic tone-bearing units. The process of foot-for-

mation is carri
e taor led out in accordance with the rules in (4)

{4} Foot Formation:

a,
ok T H
1 2 = 1 2
b. [-H] [+H] i
1 2 =1 2
c. T $
T T [\\\\\
1 2 = 1 2

The first two rules provide that

) two. scanning from left
to right, the initial tone of a phrasé {(as in ?éa)) as
well as every H immediately after a L {as in (4b)).’is as-
signed an independent foot node, indicated here by the
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. Every tone not assigned a foot node either way
iimiginéassocizted by the provisions of‘(4c{, which may
apply iteratively. The feet are the basic pltchfbearlng
units (PBU's). Since tones are defined within pitch reg-
isters and must be realized in terms of pitch, the Fule
{4c) may be regarded as a way to satisfy the following
R{ealization)-Criterion:

(5} R~Criterion: Every tone is assigned to one and
only one pitch-bearing unit.

The sequence of tonal feet that results from the
rules in (4} will be the input to the rules cof piltch as-

signment that account for the phenomena of tone terracing.

For downdrift, pitch assignment is carried out by (6).

(6) Pitch Agsignment:
a. Assign a right branching tree to a sequence
of tonal feet.

b, For each pair of two nodes N; and N;, label

N, as L iff it branches. . .
(If a node is not labelled L then it is H.)

The result of applying {6a) to any seguence of tonal
feet will be a tree of the form (7a), which is then la-

belled as (7b) by (6b):

{7y a.
d o @ e dF & b

b.
/f/\ -

» & & ... ¢ ¢ @

The rule (6b) is an adapted version of one of the
universal labelling conventions provided in Halle and
Vergnaud (1979), which contains a number of extensions of
Liberman and Prince's metrical theory of stress. T@e re-
sult (7b) is achieved by requiring that the rule disre-
gard, or be "blind" to, the internal structure of any
foot (whether it branches or not), taking the sequence
of feet as an autonomous level, with each foot in the
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level being considered an autonomous non-branching whole.
To illustrate, the Akan sentence considered above in (1}
has the following form after foot-formation (4a-c¢) ap-
plies:

{(8) ¢ $ & $

AT SN

L H H LL L H HL H L
me~de-me~n-na~m-fo-no-ba-a-me-£f1i

The pitch assigment rules (6a,b) will turn this into (9}:

@) Level of
Pitch
/J;‘\HHH Register
H H H L
¢ £ P e ———————

-3
L, L H H L L L H HL H L Tonal Level
me-de~me-n~na-m~-fo-no-ba-a-me-£fi

This is the final output of ocur rules. It is not, how-
ever, a direct phonetic representation of the utterance.
It gives only a relational structure showing the relative
pitch height of the tones, but says nothing about the ab-
solute pitch values at any point in the tree. It says
that the tones that belong to the first foot are realized
in a higher register than the tones belenging to the sec-—
ond foot, and those of the second foot are realized at a
higher pitch than those of the third, etc. The progres-
sive increase in the depth of embedding under a L node in
the tree of the registral level corresponds directly to the
progressive pitch drop involved in downdrift. Thus, there
are three L nodes above the last foot, two above the
third foot, and one above the second foot, but none a-
bove the first foot, in the representation above. This
directly corresponds to the fact that tones in the sec-
ond, third, and fourth feet have been lowered by one,
two, and three steps, respectively, though not the tones
assigned to the first foot. The amount of drop per in-
stance cof pitch lowering represented at the autonocmous
registral level is not related to the distance in pitch
between a H and a L within the tonal level. The ratio of
the amount of pitch lowering in relation to the amount of
pitch difference in tonal contrasts cannot be determined
by any general system of representation, but varies
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from language to language, speaker to speaker, and even
from utterance t¢ utterance.

Up to now we have considered only cases of downdrift.
Let us turn now to downstep. It is generally agreed that
downstep does not differ significantly from downdrift, ex-
cept in that its position is unpredictable from the sur-
face. The similarity of these two processes is readily
seen from one of the last two properties discussed in sec-
tion 2. One plausible hypothesis on the status of downstep
js that it is simply downdrift except that its position
of occurrence must be lexically marked. Thus, the status
of downstep is like that of the pitch accent in, say, Jap-
anese, where the position of the accent must be lexically
marked, though everything else can be derived by rule. On
the other hand, it has been suggested that many cases of
downstep are in fact cases of downdrift made opague due
to vowel deletion. Thus, it has been suggested that the
downstep in the well known example below is the result of
a simple application of downdrift preceding a rule of vow-

el deletton:?

(10) H L H

/me obo/ 'my stone'

[~ -1 underlying representation

[~ - -] by downdrift

[ = -] by vowel vowel which deletes
pboth the vowel and the tone

me bo

[ ~ -] output

Netther the phonemic nor the purely phonetic approach
are entirely satisfactory, however. The phonemic approach
is defective in that there are many cases of predictable
downstep (such as (10))." Furthermore, as Clements (1979)
has shown, the purely phonetic approach is untenable not
only because the ordering relation required in the hypoth-
esis above is problematic, due to the fact that downdrift
is a lower-level rule than vowel deletion, the latter of
which often subject to morphological conditioning, but
alsoc because there are languages Or sentences where down-
step alone, but not downdrift, occurs. For example, in
Hyman and Tadadjew (1976}, it is indicated that Dschang-
Bamileke has downstep, but no downdrift. Another such lan-
guage is Kikuyu, as reported in Clements {197%) and
Clements and Ford (1979). Furthermore, in languages where
downdrift does occur, it occurs only in certain sentence
types, e.g. declaratives. In other sentence types, no
downdrift occurs, though one may also find occurrences of
downstep here. In all of these cases, downstep cannot be
treated as a special case of downdrift.
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In Clements and Ford (1979), it is argued that down-
step has the status of a floating L tone which triggers
pitch l?wering on all following tones. The existence of
a flcoating tone is easily handled within an autosegmental
qpproach, according to which the deletion of an element
in the segmental level need not entail the deletion of an
element in the tonal level. Their approach solves the or-
d?ring problem associated with {(10), allowing vowel dele-
tion to occur before pitch lowering. There are also a
number of other facts which they cite in support of this
analysis. I will adopt it, and analyze downstep as in-
volving the following rule of foot formation:

{11) ¢
L H |
1 2 - 1 2

Condition: 1 is unassociated with any segment.

To account for the relationship between downdrift and
downstep, I assume that they differ minimally only in that
while downdrift involves the foot formation rule (4b),
downstep involves the rule (11), All the other rules pro-
posed above, namely (4a), {(4c) and the pitch assignment
rulessin (6), are involved in both downdrift and down-
step.” For illustration, consider the following sentence
from Efik (Winston 1960:186):

(12) L H !H H !H H !H H !B H!H H L
Ekpenysn emen inuen onyn edi ufok
'Ekpenyong picked it up and came home.'

Each ! stands for a flecating L tone. By the downstep rule
(11), each H immediately following this floating tone will
be assigned to an independent foot node. By the downdrift
rule {4b), the first H tone will also be assigned to an
indepgndent foot node. Furthermore, the phrase-initial L
tone is assigned to a foot by (4a)., Finally, all remaining
tones will be associated according to (4c¢). These proces-
ses of foot formation thus organize the tonal sequence in
(12} into the following form:

(13) ¢ F\ F§>\ ¢ ] & &
H! HH! HH! HBH'! i\i\i i\g\h

Finally, the pitch assignment rules in (6) appl
the final output: (6) apply to give

L
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0
L
(14) -
L
L
L
/\ -
H H H H L

22

H H
TN T\NN%’
l E\\ Eki\w HH! HH! HH! HHL

Since the floating tones are unassociated with segments,

they are simply phonetically ;em¥iy iaigggiiiz,;hzggthy
t the na
be ignored by convention a o D the
levant information con
representation. All re o O ) Sim-
he sentence is contain )
B P e T e ‘ted above has the following
arl the Twi sentence cited a Lows
iépregéntation after (4), (11) and {6) have applied

(15) L
///77\

NN

&
‘ HH' HHL HHH L H

This metrical tree can be converted easily into an integer

representation if one wants ti, aﬁteﬁ iﬁetgztiggigizrwgzt_
c
value to assign to each drop in Pl g
i distance between
d what value to assign to the
:liinthe tonal level. Thus, either one of the égtgizg in
representations given in Clifton (1976!, as in ;Ztual
(3), can be obtained from (15), depending upon

speech situations.

4. HOW THE PROPERTIES FALL OUT

tal a
We have proposed an autosegmen
of representagion of tone terracing and illustrated the

way it works. Let us see how it may account for all the
properties indicated in se

nd metrical system

ction 2 and capture the general-
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izations that underly them.

Consider the first three properties again. Since we
have adopted an autosegmental approach to both tones and
pitch registers, it is natural to expect that processes
that operate on one autonomous level need not affect the
content of the other level. Thus tone terracing {(or rather
register-lowering) does not necessitate the recognition
of additional tones (in the tonal level). Preservation of
tonal contrasts by tone terracing is also a natural con-
sequence of this system, because register lowering applies
to each tonal foot or pitch-bearing unit as a whole (rath-
er than to tones), without affecting the internal rela-
ticnship of contrasting tones within each foot. Further-
more, 1t is also a natural consequence that the amount of
pitch drop occurring in terracing need not be equal to
the distance between two contrasting tones.

The next three properties may be taken as natural
consequences of our system because of the metrical view
we have adopted. Thus, the variation in the amocunt of
pitch frop per instance of terracing, as well as in the
ratio of this drop in relation to the difference between
contrasting tones, indicates that the actual values cof
pitch to be assigned to a sequence of tones are subject
to factors that are largely pragmatic and that cannot be,
and should not be, fully specified in a formal grammar.
As is already obvious, these factors are completely ab-
stracted away from our system.

The metrical view also explains the difference in
perception (and realization} that may happen between a
sequence of the soert HL H L H and one of the sort L H L
H L. This is because all independent phonoclogical phrases
may be pronounced at as high a pitch level as each other.
More significantly, according to our system, the two se-
quences have the following representations:

(16} a. b.
/////\\\L ///h\\L

N N\

H H H H L

ML TR

In the tonal level of (l6a), the first H tone does

not undergo downdrift, but the second H does, as it is
assigned to the second tonal foot. Since the firgt L in
this sequence belongs to the first foot, the distance be-
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tween the L and the second H is shortened. Therefore, the
second H is realized and perceived as being lowered from
the height of the preceding H by one step. On the other
hand, in the tonal level of (16b}), the flrsF occurrence

of H belongs to the second foot, with the first foot con-
taining only one tone, L. There is also a 5hortene§ dis-
tance between the initial L and the first H. But since

the amount of tonal contrast is usually greater than the
amount of contrast resulting from terracing, the H tone
that occurs in the second foot is still higher than the

L occurring in the first foot. Therefore, within this se-
quence, the tone with the highest pitch is the second
tone, namely the first H. Now, since (16a) and (16b! are
independent phonological phrases, the tone of the plghest
pitch in (16b} can be as high as the tone of the_hlghest
pitch in (l6a}. Therefore, while the shortened distance

in {16a) between the first and the second foot is realized
by a drop in pitch on tones of the second foot, the s?ort-
ened distance in (16b) can be realized by a rise in pitch
on the tone of the first foot, i.e. a "raised" initial L.

The lack of phrase-initial tone terracing follows
from the metrical account in a similar way. Since the_
pitch values of tones are relative to each other within
the domain of an independent phonological phrase, every
tone in phrase-initial position always belongs to_the )
first foot, which receives the highest pitch within this
phrase. The pitch of a phrase-initial tone always serves
as the reference point to define terracing, in other
words. A phrase-initial downdrift would simply make no
sense. Can a downstep (i.e. a floating L) occur phrase-
initially? Such a situation is possible, g%ven no special
reason why it cannot. However, if the floating L is fol-
lowed by a H, the entire sequence will be of the form
LELHL ... just discussed. Suppose that such a sequence
does exist, then the H following the initial L will be a
phrase~initial downstep H on the surface. But sgcﬁ a case
of terracing is often realized as a "raised" initial L.
Since in this case the raised initial L is phonetically
empty, no effect of a phrase-initial downstep H is ob—.
served. The occurrence of a floating tone or downstep 1is
allowed everywhere, in other words, but its effects are
neutralized in phrase-initial position, given our metri-
cal system. ]

As for the last two properties of tone terracing,
they fall out as conseguences of our assumption that down-
drift and downstep share essentially the same set of ‘
rules: (4a), (4e¢), (6a), and (6b). The only difference is
that while downdrift involves (4b), downster involves
(11}, with each of their specific conditions on applica-
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tion. Thus, the amount of drop per instance of downdrift
is exactly the same as that per instance of downstep, be-
cause the output of the foot formation rule {(4b) and that
of (11) are assumed to be both tonal feet, which are in-
distinguishably subject to the rules of pitch assignment.

Finally, the non-occurrence of downstep H after L in
a sequence that alsc undergoes downdrift follows from our
assumption that both downstep and downdrift inveolwve the
creation of a tonal foot on a H tone right after a L,
though downstep involves the further condition that the L
is a floating tone. (Only floating Ls trigger downstep,
but all Ls may trigger downdrift,) Note that there is no
special reason why a floating L tone cannot occur immedi-
ately before a H and immediately after a non-flcating L.
In such a situation we have a sequence of the form ... L
! H ..., where ! stands for a floating L. The existence
of the ! would trigger the rule (11), which would assign
the following H to an independent foot. But note that e-
ven if the ! were not there, the H would still be assigned
to an independent foot, i.e. by the downdrift rule (4b),
since it would still be immediately preceded by a L (in
this case the non-floating L). Thus, again, the occurrence
of downstep H after L is in principle allowed, but its
surface effects are always neutralized.’ Given that the
effect of downdrift is transparent (observable from con-
text), but the effect of downstep opaque, it is usually
claimed that downstep H never occurs after L.

The explanation coffered for the superficial non-oc-
currence of downstep H receives considerable support from
the fact that this observation holds true only in seguen-
ces which alsc underge downdrift. If a sequence does not
undergo downdrift, then the effect of a downstep H after
a non-floating L will not be neutralized, and its occur-
rence should be observable. This is indeed the case. For
example, Hyman and Tadadjeu (1976} have shown that, in
Dschang-Bamileke, only downstep but no downdrift occurs.
It is precisely in this language that they also observe
the occurrence of downstep H after L. The second of the
following examples shows a downstepped H after L. (Hyman
1979:11):

{(17) a. i L H1 apé '1id!
b. [ L'H1 apad 'taro'

That the second syllable of 'taro' is associated with a
downstepped H and not a mid tone is evidenced by the ceil-
ing it establishes, limiting a feollowing underlying H to
an equal pitch height:®
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(18) a. [ L H#H] &apd sé 'the 1lid of the bird'
[ L !'H#H] apd sdn 'the taro of the bird’

Other examples supporting this account of the non-occur-
rence of downstep H after L are alsoc available. Since
downdrift occurs generally only in declaratives but down-
step may occur in all sentence types, an otherwise neu-
tralized downstep H after L may often be observed in a
non-declarative sentence of a downdrift language, as for
example in Igbo (John Goldsmith, personal communication).

5. COMPARISON WITH ALTERNATIVE TREATMENTS

I have outlined the basics of an autosegmental and
metrical system of representation of downdrift and down-
step, and shown how the well known properties of these
processes may be naturally derived within such a system.
It is appreopriate to consider now some previous attempts
and see how the present theory may be said to represent
an improvement over them.

One type of representation that has been proposed in
the literature is exemplified in such works as Fromkin
(1972), Peters (1973}, Clifton (1976). Fromkin suggests
that the surface values of terraced tone patterns may be
determined by rules which assign integers to lexically
specified binary features. Specifically, she proposes to
assign the pitch values 1 and 3 respectively to all H and
L tones by the rule (19), and account for downdrift and
downstep by (20), applied iteratively from left to right
after (19):

(19) a. [+H] - p1l
[-H] = p 3

(20) [aH] = [oH p<+1>a'b]/[:fmid>a]<[-ua]l>b

[<+Mid>a]

(where the feature matrix {[+H, +Mid] designates a downstep
H, and p abbreviates "pitch"). Rule (20) expands into the
six in (21):
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(21) a. [+H] = [+H p+1]/ [tgig][éﬁiﬁ]

b. [+H] = [+H p+l]/[+H p)[-H],

c. {+H] = [+H pl/[+H p]

d. [-H] = [-H p+1}/ [--g:.g] [m—]
e. [-H] = [-H p+1]/[-H pl[+H],

f. [~H] = [-H pl/[-H p]

As an example, the same Akan sentence (1) is derived in
the following manner:

/me—de-me—n—ma-m-fo-no-ba—a—me-fi/
L L HH L L L H HL H L
11 1 1 1 by (l9a)
33 3 3 3 (19b)}
4 (21e)
4 4 (21£)
2 (21b)
2 (21c)
5 (21e)
3 (21b)
6 2le
3 3 11 44 4 2 25 3 ¢ Outpét )

The rules (21¢) and (21f) ensure that no pitch lowering
occurs between identical tones. (21b) and (2le) jointly
azcount for downdrift: the former lowers the pitch of a
H by one step from the pitch of a preceding H when these
two Hs are intervened by an arbitrary sequence of Ls; and
t?e latter lowers the pitch of a L by one step from the
pitch of a preceding L when these two Ls are intervened
by an arbitrary sequence of Hs. The rule (2la) accounts
for downstep: it says that any a [+H, +Mid] (a H marked
for downstep), when occurring immediately after another
H, lowers its pitch by one step from the pitch of the
preceding H. The rule (21d) says that a [-H, +Mid] lowers
its pitch by one step from the preceding L when immediate-
igwgrecedeq by anther L. This last rule is never realized,
ver, since the system -
downaten oiT y does not have any [-H, +Mid] or
It is important to note that, in this t -
sentation, no distinction ig made'between th£p§e8£lr§§re
tone and tha? of the pitch register. As such, the Fromkin-
type theory is mixed-level, non-autosegmental system. Fur-
thermore, as the system makes crucial use of integers, it
is not a metrical system. Let us first concentrate on’the

3 3
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non-autosegmental nature of the system. There are a number
of drawbacks to any theory having this nature.

First of all, the properties that, as we observed,
seem to suggest that matters of tone and matters of pitch
register are distinct, do not receive a natural interpre-
tation. For example, the preservation of tonal contrasts
by terracing is accounted for in this system as the result
of the stipulated application of two different rules. In
particular, just in case a H lowers its pitch by the rule
(21B), a following L must also lower its pitch, this time
by a different rule, {21e¢). This result is ensured by the
requirement that both rules exist and one of them apply
if and only if the other does also. Such a stipulation
misses a generalization. Furthermore, if the system fails
to include a rule lowering the pitch value of a L accord-
ing to each rule lowering the pitch value of a preceding
H, the system will be empirically inadequate. There is in-
deed an emptrical failure of precisely this type in From-
kin's system, as observed by Peters {1973) . More specif-
ically, although Fromkin provides the rule (21a) to ac-
count for the pitch value for a downstep H, she does not
have a rule that lowers a L following the downstep. The
rule (214}, as just mentioned, is never realized. While
this empirical failure can be corrected, as is done in
Peters (1973) for example, the important point is that
the system remains essentially stipulative in nature. In
the autosegmental theory, preservation of tonal contrasts
is a natural conseguence of the postulation that terracing
affects pitch-bearing units as a whole, without altering
the internal relationship between tones within a given
foot.

another indication of this conceptual problem in the
mixed-level system is that the amount of pitch drop per
instance of downdrift or downstep is ensured to be less
than the distance between contrasting tones by requiring
the initial rules (19) to assign 1 and 3 respectively to
H and L, and the rules in (21} to each assign at most 1
pitch increment at one time, again by stipulation. There
is no clear indication why the (19) and (21) should assign
different values of pitch. Within the autosegmental ap-
proach, the non-egquality between contrasts in the tonal
level and those in the registral level are natural conse-
quences of the fact that these two levels are autonomous.

A second defect of the type of system propesed by
Promkin is that a sequence of the form H L. H undergoes a
different rule than a sequence of the form L H L, and the
phenomenon of downdrift that happens in them seems to re-
ceive two different interpretations. In the former case,
the second H lowers its pitch after a preceding L. This

.
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might be interpreted as a process of assimilation (verti-
cal assimilation in the sense of Hyman 1973). In the lat-
ter case, the second L lowers its pitch after a preceding
g. ?his process certainly is not one of assimilation, and
1? is not entirely clear what it is (perhaps a process of
dlslmilation?) Within our system, both instances receive
a uniform interpretation. The two sequences have the fol-
lowing forms:

{22) a. ’////A\\\\\ b.
H L H L
- T & &
H L H l i\\\L

These two sequences are organized in different ways in
the tgnal level, but look identical in the registral lev-
el., Since downdrift affects only the registral level, thc
Fwo sequences above receive a uniform interpretation: reg:
1s§er lowering occurs on both their second pitch—bearing'
units.

A third problem with the mixed-level system ig its
obvious ?omplexity. In our theory, we "modularize" the
grammar into two auwtonomous components, and obtain the
desired results of terracing by relatively simple rules,
such as the two rules of (6). This result seems to be
conceptually more desirable, and is in accordance with
rﬁcent advances in syntactic theory, represented in, say,
;yelgg??%ar framework of "Government and Binding" (Choms-

Other objections to the type of system represented
by Fromkin {1972) have been seggratelyyraised glseﬁgere:
for example in Clements (1979), who also points out, a-
mong other things, the strange character of the iterative
rules proposed, as well as the non-universal character of
the system. In a system of the sort proposed by Clements
(1979) and partially followed in Hyman (197%), there is
a formalism that characterizes terracing somewhat inde-
pendently of tonal patterns. Clements propeoses that the
tones of a given language are organized into a set of
formal objects that he called "tone level frames." Each
tone-level frame consists of "a set of p tone levels or-
dered under the relation 's' ('higher than'}), and a set
of n-2 iptervals," which are "relations holding between
neighboring tone levels, that is, tone levels which are
?onsecutive in the ordering established by the relation
higher than' (p. 547-48)." For example, in a sequence of
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the form HL HL B L H, each tone is projected onto either
the level H or I. of the tone level frame. The intonational
pattern of the entire sequence is then characterized in
terms of these tone-level frames. Each tone-level frame
"does not constitute a set of absolute acoustic parame-
ters. Rather it is subject to modification as a result of
the intonational processes that apply to it. The identity
of the frame itself, however, is not affected by these
modifications (p. 548)."

For each individual language, the internal structure
of each tone level frame, e.9. the interval between two
tone levels within each frame must be specified. For a
two-tone terraced-level language, for example, Clements
suggests that the interval may he arbitrarily set at 2
{(pltch increments). By convention, an initial H is desig-
nated as 1 and an initial L as 3, To derive the correct
pitch representation of a sentence involving terracing,
Clements further suggests marking downstep by a ! symbol
preceding the downstepped tone, and incorporates downdrift

with downstep by a rule that introduces a ! in the envi-

ronment H L:
(23) @ - '/ H L

The mark ! (either underlying or introduced by (23)) is
treated as an abstracting rule-triggering segment on the
tonal level, whose function is to induce pitch lowering:
(24) TQ -~ +1 pitch / B !

which assigns one pitch increment to every maximal string
of tones (T.) following any : immediately preceded by H.
The final output is obtained by adding up all incre-
ments assigned to each tone. A sample derivation is given

below:®

(25) aberantes beko £hd
L, L H !HH HH LEH (lexical representation)
L L H ‘HH HH'LH (23)
331 11 11 31 (initial assignment)
11 11 11 {24)
11 (24}

331 22 22 53 Output

Tt should be apparent that Clements' tone level
frames are intended to have the effect of maintaining the

autonomy of a tonal level - in a way similar to the ef-
fect of our pitch-bearing unit or tonal foot. Qur repre-
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sentation appears to be clearer, however i-
rectly reflects the autonomy of the tonai igvzia;yiﬁaSing
tones of tbe same focot dominated by a node whose internal
structure 1s_inaccessible to rules of a higher level re

A more important difference between Clements' sistem
and the system proposed here, is that the former makes
crucial use‘of integers, and is thus non-metrical in na-
;gi?é I;hthls respict, Clements' system is more like From-

. ere are also a nu
o ieal thoomss mber of drawbacks to the non-

First, as Liberman and Prince (1977) hav
stress values have meaning only in relation tg Z:gﬁegéher
Likewlse, the assignment of an initial L as +3 is meaning:
less when taken alone. Furthermore, an integer system in-
volving multi-valued features like [+7 pitch] etc. is
guite complex and thecretically undesirable, especially
in view of the fact that other aspects of phonology can
be captured within a theoretically much more simple frame-
work employing only binary features. In other words, in-
stead of a complex multi-valued system, it is theorétic-
ally desirable to modularize it into an indefinite number
g§n§§§eiiaﬁ£hiepresgn§ation, within which every node is

ng an escri i

binazy ! featurg System.crlbable in terms of a simple [+H]

Secondly, a non-metrical system mak
of application too narrow to prgvide a gzzei:i gzgciigfe
tion of the terracing phenomena across variations of the
go;t‘noted above. For example, the stipulation that an
%nltlal H is assigned 1 and an initial L assigned 3 pitch
increments is only suitable for languages or sitaticons in
wpich each instance of terracing invelves the drop of
pitch ha}f the size of the contrast between underlying
contrastlng tones. Such a system cannot be extended to
%anguages involving "tonal downstep" {(¢f. footnote 1l). It
is probably also too narrow to be applicable across dif-
ferent speech situations within a speaker's idiolect
given that speakers vary the amount of pitch loweriné de-
pendl;g‘ugin utﬁerance length, as noted above.
) irdly, the lack of phrase-initial rr i
is naturally attributed to the relatiOnaltﬁatigingé :E;Zh
apd pitch within our metrical system, is not derivable
without some sort of stipulation or other in Clements'
system. Suppose there is a phrase-initial ! in some se-
guence. The fact that this initial! ! will not have a sur-
face pitch-lowering effect is ensured by the stipulation
in thg rgle (24) that a ! induces pitch lowering only
when it immediately follows a H. Similarly, in Fromkin's
system, this fact is ensured by a stipulation that every
case of downstep H {(her [+H, +Mid]) induces pitch lowering
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only when there is an immediately preceding H, as is in-
dicated in her rule (2la). The stipulative nature of both
accounts is obvious.

Finally, the difference in realization and perception
between sequences of the form HL HL H ... and those of
the form LHL HL ... is again not derivable without
some stipulation. As we shall see shortly, Clements' rule
(23) should be revised as follows, in order to derive the
lack of downstep H after L in a sequence involving down-
drift:

(26) g = !/ L___H

(This is, in fact, the rule adopted in Hyman 1979.) If
this is the case, then there will be a . immediately be-
fore the first H tone of the sequence of (25) above, or
of any sequence of the form LH L HL ... If each ! in-
duces one drop in pitch, then the tone with the highest
pitch in (25) or in any sequence of the form LHL HL ...
will be assigned the pitch value 2. But this will imply
that an independent phonological phrase of this form must
always be pronounced at a pitch level one step lower than
any phonological phrase of the form H L HL H ..., where
the first H is assigned the pitch value 1. This does not
seem to be correct, as one can tell from the integer
transcription that Clements has given for (25}, where the
first H is assigned the value 1!, and from the transcrip-
tion Fromkin has assigned to the Akan example, where the
first H also has the value 1. (But cf. footnote &. Recall
also the definition of downdrift given by Armstrong (1968:
51), which says that only non-initial low tones have the
effect of inducing pitch lowering on following tones.) In
order not to obtain the value 2 for the first H within a
system that incorpeorates (26), it is necessary to stipu-
late somehow that the leftmost H in any sequence is not
subject ot pitch lowering regardless of whether there is
a preceding !.

There 1s one more point to be mentioned in comparing
our system of representation to the ones represented by
Fromkin (1972) and Clements (1979). This has to do with
the lack of downstep H after L in a sequence that also
undergoes downdrift. This fact is easily derived as a
case of neutralization in our system, but not so in either
Clements' or Fromkin's, In the latter two systems, the
result is obtained again through a stipulation. According
to Fromkin, this is obtained by stipulating that the rule
(2la) apply only when there is a H immediately preceding
the downstep H. In Clements' system incorporating (23},
the effect of an underlying downstep H immediately fol-
lowing a L also cannot be neutralized without stipulation.
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Such a sequence would have the form HL ! H ... After the
rule (23} applies, the sequence will be turned into the
formH ' L ! H ..., with two !s, one preceding and one

following the L. The second ! thus cannot be neutralized
by the first !. In order to obtain the fact that there js
no downstep H after L, it is therefore necessary to stip-
ulate, again, that the second ! here does not induce
pitch lowering. Precisely this stipulation is contained
in the rule (24}, which requires that the tone preceding
! must be H in order for the rule to apply. The only way
to avoid this stipulation in this system would be to as—
sume the rule (26) instead of (23), as Hyman (1979) has
done. In this case, a downstep H after L will oceur in a
Sequence having the underlying form HL ! H ... Since this
is alsc the form one will get by applying (26} even in the
absence of the underlying !, the surface effect of this
underlying ! is neutralized in this position. This, how-
ever, brings one back to the problem just mentioned in

the immediately preceding paragraph.

6. REFINEMENTS AND EXTENSIONS.

We have seen sufficient reason, I think, for the be-
lief that a modular system of the sort developed in this
paper qualifies as a more nearly adequate system of men-
tal representation. We have been concerned throughout,
however, only with fairly well known examples of down-
drift and downstep. In order to qualify as an adequate
general theory of terracing, the system must also be ca-
pable of accounting for examples of upstep and upsweep,
as well as other less well known, more complicated cases
of downdrift and downstep. In this concluding section I
will outline some of the possible extensions and refine-
ments of this system which may be made to accommodate
these latter cases.

First of all, the occurrence of upstep and upsweep
cannot be accommodated readily within the present system
without some refinements. A close lcok at the nature of
our rules reveals that what we need to do is replace the
rules in (6) with their mirror image:

(27) a. Construct a left-branching tree over a se-
quence of tonal feet.

b. Given two sister nodes N; and N,, label N;
as L iff it branches.
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All the other rules suggested earlier may remain applica-
ble, A further modification that has to be made 1is that
the tonal feet formed for upstep or upsweep must be for-
mally distinguishable from those formed for downdrift and
downstep, so that one may apply (6) or (27) properly. Fur-
thermore, since it often happens that a sequence may con-
tain instances of both downstep and upstep, it will be
necessary to represent the two types of terracing by two

trees. The following example is taken from Hyman (19792:12):

{28) wmi ni  mu 'my water'
H 'H tH

[~ - ]
The last H 1s marked as being upstepped. Since it is pre-
ceded by a downstepped H, the effect of the upstep is to
bring the pitch of the following H back to the height of
the first H. In the following representation, the upper
tree accounts for downstep, and the lower tree for upstep:

N

e

H ! H + H
mi ni mu
H ! H + H

|

I o

"

If the amount of pitch drop per instance of upstep is e~
qual to that per instance of downstep, then an overall e-
valuation of the two trees in (29) may be interpreted as
representing all the relevant information contained in
{28) . Whether or not this 1is entirely correct remains yet
to be seen, against a wider range of data on upward ter-
racing, comparatively little of which has been reported
in the literature,''

Another area which may call for some refinement of
the system concerns languages in which downdrift occurs
only to Hs in a seguence of alternating Hs and Ls, while
the Ls remain constant at a rock-bottom low level of
pitch. For example, ignoring the effect of an upstep el-
ement, the ShiTswa sentence (30} is reported in Welmers
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(1973:92) as having the surface form (31), where all the
Ls are realized on a constant low level:

(30) HLHH LHL H'HH
vamuwona mufana wahosi

Suppose that Welmers' transcription is correct.'? The
generalization here, 1t seems, is that Hs and Ls may be-
have differently in some languages with respect to pitch
assignment. For such languages, I suggdest a bifurcation of
the pitch-register in the following manner. First (4b) ap-
pPlies to assign the second, fourth, and fifth Hs each to
an independent foot node, and (11} assigns the sixth H to
another foot. Then all Hs are projected to cne register
and all Ls are projected to a different non-overlapping
register. These will be called the upper and the lower
register, borrowing the terms from traditional discussions
of tonogenesis. In this way, all tones that are assigned
to the beginning of a foot are in the upper register. Af-
ter (4a) and (4c) apply, we obtain the following represen-
tation, corresponding to (31):

(32) L

Upper Register

)

o —
7'84 ]
o ommeemme—
5'-‘3 e e m
7 & B

T-----——m
o -—-—----m

e nt
-

S
-
L

|

Lower Register

The postulation of two separate registers in the way
suggested makes certain interesting claims. It also offers
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an interesting analysis of the tone patterns of three-tone
languages such as Ikom-Yala (Armstrong 1968) and Ga'anda
{Newman 1971), which exhibit both downdrift and downstep.
I will illustrate with Ikom.

In Armstrong (1968), it is reported that Ikom has
three underlying tones H, M, and L; and further that eve-
ry H downsteps after a M or a L, and every M downsteps af-
ter a L. Such a situation would seem easy to handle by
generalizing the rules in (4b) so that every tone occur-
ring after a lower tone gets assigned to a new foot. How-
ever, the situation is more complex. Consider a sequence
like (33), where two Hs are intervened by a sequence of
Ms and Ls that also meet the reguirement for downdrift/

downstep:

(33] H HM IMM L H
s kpaca lago lotu
'He put stones in holes at night.'

A theory using only one register will predict that the
last H will step down twice, once due to its occurrence
after a L and once due to the downstep of a preceding M.
However, as has been brought to my attention by Barry
Schein (personal communication}, the transcription given
by Armstrong shows that the H steps down only once. This
suggests that Hs and Ms behave guite independently of
each other with respect to terracing. The problem may be
settled in the following way. After (4b) applies to assign
the last H to an independent foot, project all Hs to the
upper register and all the non-Hs to the lower register.
In the upper register, then, the last H will step down on-
ly once, in accordance with Armstrong's report.

1If the analysis suggested in this final case is cor-
rect, note that there is at most a two-way contrast with-
in each register, so that in the lower register M may be
set in contrast with L by the single parameter [aH]. By
modularizing pitch registers into two components, a three-
way tonal contrast may be reduced to a more simple binary
system of tonal features. This result again seems to be
desirable, and is consistent with the already highly mod-
ular character of the grammar we assume.!
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FOOTNOTES

* This paper is a revised and expanded version of a paper delivered
at the 10th Annual Conference of the North Eastern Linguistic Socie-
ty. An abbreviated version appeared in the proceedings of the con-
ference. I am grateful to Morris Halle, Nick Clements, Larry Hyman,
John Goldsmith, Ken Hale, Jay Keyser, Paul Kiparsky, and Moira Yip
for insightful comments on various earlier versions of the paper.

1. I? some rare cases, the drop occurring in terracing may edqual
the distance between contrasting tones. Such cases are termed "total
downsteps" in Clements and Ford (1979).

2. The correctness of this claim is to some extent controversial,
but I think it is essentially correct. See footnote 6 for additional
comments.

3. See, for example, Peters (1973:141). Hyman (1979:16), on the
other hand, proposes that the downstep in the example is developed
from a process of tonal simplification, by which a falling tone fol-
lowed by H is simplified to a sequence of two level tones: H fol-
lowed by downstepped H.

4. Thus, it is not correct to say that the position of occurrence
of downstep is unpredictable. It is only unpredictable from the sur-
face observable sequence of tones.

5. Although the rule (11) looks very similar to (4b}), they must be
kept apart, since the two rules are different in scope of applica-
tion, as will be indicated below.

6. Hyman {personal communication) has indicated that some cases of
phrase-initial downstep may acually be cobserved on the surface, and
not necessarily neutralized, though he also mentions that this is on-
ly optional. He also indicates that in a sequence of the sort L H
..., the H can be heard as distinctively lower than a non-downstepped
H uttered in isolation. These remarks contradict the observations
that I have held true, based upon remarks made by other writers

(e.g. Armstrong 1968, Peters 1973, etc.) However, I prefer to inter-
pret his facts as indicating that speakers may utter such sequences
in comparison with some basic reference point established in other
phonological phrases. In such situations, these phrases may be re-
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garded as non-independent phenological phrases in some sense. Judging
from the conflicting reports, it seems that at least it is possible
(though not necessary) to pronounce any such initial Hs at a level
that is normally used for non-downstepped Hs, especially when such
phrases are pronounced in absolute isclation (i.e. without any pre-
ceding or following utterances proncunced within the same speech sit-
uation). The same situation happens also with stress systems. For ex-
ample, one may pronounce the English article the with or without
stress ip isolation. Furthermore, the stress of long in Long Island
may be perceived to be distinctively weaker in stress {(tertiary) than
the long in a long island (secondary), even when both are uttered in
isclation. These facts, it seems, should not bhe taken to invalidate the
claim that stress, pitch, and tone are essentially relational in na-
ture.

7. The interpretation of this fact as a case of neutralization has
been proposed guite early, in Schachter (1961), though no previous
system of formal representation, to my knowledge, has accounted for
it without some degree of stipulation.

8. The downstepped H in the second example may be perceived as lower
than the non-downstepped H in the first example, if the initial L is
kept at the same pitch height in both examples. If the downstepped H
in the second example is as high as the H in the first example, there
will be a "raised"initial L in the second example. Cf. footnote 6 a-
bove.

9. The penultimate vowel in this example will have to be deleted be-
fore the final output is obtained.

10. It should be noted that Clements' (1979) paper does not reflect
his current thinking in its entirety. Therefore the discussion that
follows in this section does not apply to his current view. In his
more recent paper (Clements 1981), he has independently developed a
metrical theory that is similar to ours in many ways. A discussion
in this section of his earlier theory is worthwhile, however, and
through this discussion I believe that an argument can be made for
the viéw that we now share.

11. For an alternative treatment of upsteps, see Clements (1981).

12. Hyman has informed me that there is some disagreement over
whether Welmers' transcription is entirely correct. The controversy
is either over {a) whether it is possible for Hs to downdrift with-
out Ls also doing so; or (b) whether there is not some systematic
difference between the two kinds of downdrifting. We tentatively as-—
sume that the answer teo these two gquestions is yes.

13. This result is also consistent with the theory of tone features
developed in Yip {1980). Yip provides the two parameters [oH (tone)]
and [sUpper (register)] to characterize all tones of languages. A

conception about the independent nature of each of the parameters is
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shown to play an important role in the analysis of tones in several
Chinese dialects.
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