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Abstract 
Based on an acoustic analysis of speech data from 10 speakers, 
5 male and 5 female, this paper describes the phonetics and 
phonology of the vowels and diphthongs in the Xupu Xiang 
Chinese dialect. Results suggest that monophthongs and 
falling diphthongs should be grouped together, since the 
production of them is a single articulatory event. Falling 
diphthongs are composed of a dynamic spectral target, while 
monophthongs are composed of a static spectral target. But 
rising diphthongs are sequences of two spectral targets.  
Index Terms: vowel (monophthong), falling diphthong, rising 
diphthong, the Xupu Xiang Chinese dialect. 

1. Introduction 
Chinese dialects generally have a simple syllable structure, 
which could basically be represented as CGVC (initial 
consonant, on-glide, vowel nucleus, and coda). However, 
there is debate about the structure of rimes (see [1], [2]), and a 
key issue concerns the phonetics and phonology of vowels and 
diphthongs. Some linguists view a diphthong as a single vowel 
with a phonetically complex nucleus ([3], [4], [5]), while 
others treat a diphthong as a sequence of two vowels or a 
combination of one vowel and one semivowel ([6], [7]). Even 
for English, for instance, there is controversy regarding what a 
diphthong is ([8], [9], [10]). 

There are various proposals for phonological analyses of 
Chinese vowels and diphthongs in the literature ([1], [11], [12], 
[13], [14], [15], [16], [17]). But previous studies are based on 
phonemic analyses in general, and thus have non-unique 
solutions ([18]). An insightful observation is that falling and 
rising diphthongs are different. Chao pointed out that falling 
diphthongs are true diphthongs in Wu dialects, but rising 
diphthongs are not ([19]). 

Recent acoustic and articulatory researches from several 
major Chinese dialects renewed the issue of vowels and 
diphthongs. Accumulative evidence from Wu dialects ([20], 
[21]), southwestern Mandarin ([22]), Jin ([23]), Hui dialects 
([24], [25]), and Cangnan southern Min ([26]) suggested a 
dynamic theory of vowel production: monophhtongs have a 
static spectral target, diphthongized vowels and falling 
diphthongs have a dynamic target, and rising diphthongs are 
composed of two spectral targets ([27]). Thus, the diphthong 
[ai], is not a sequence of [a] and [i], but a single dynamic 
articulatory event, and should be treated as being 
phonologically contrastive to the monophthong [a]; by 
contrast, [ia] is a sequence of [i] and [a]. 

The Xupu (Lufeng) dialect belongs to the old varieties of 
the Xiang dialect family ([28]). The Xupu county (Lufeng 
town) is located in the west of the Hunan province. It is well 

known that the old varieties of Xiang and the Wu dialect 
family share some phonological commonalities. For instance, 
they both have voiced obstruents. However, the vowel 
phonology of the old varieties of Xiang is quite different. As 
shown in Table 1, Xupu has 8 monophthongs [ɿ ʅ i y a ɒ ɯ u], 
4 falling diphthongs [ae ao ei əɯ], 6 rising diphthongs [ia iu iɛ 
ua uɛ yɛ], and 3 triphthongs [uei iəɯ iao] in open syllables. 
Note that the falling diphthong [ae] alternates with [ɛ]. That is, 
they are free variants. Less vowel distinctions are found in 
syllables with a nasal coda. And falling diphthongs only occur 
in open syllables. Due to the space limit, this paper focuses on 
monophthongs and diphthongs in open syllables. 

Table 1: Lufeng vowel inventory. 

vowels C(G)V C(G)VN 
Monophthongs i u ɯ y a ɒ ɿ ʅ ẽ aŋ eŋ 

Rising Diphthongs iɛ iɒ iu  
uɛ ua yɛ 

iẽ iaŋ  
uẽ uaŋ 

yẽ 

Falling Diphthongs ei əɯ ae ao  

Triphthongs iəɯ iao uei  
 

2. Methodology 
10 native speakers, 5 males and 5 females, provided speech 
data during the first author’s fieldwork trip in January 2019. 
All of them were born and raised up in Xupu, and had no 
reported history of speech or hearing disorders. 3 Meaningful 
monosyllabic words were used as test words for each target 
vowel. Target words are onset-less syllables or syllables with 
a bilabial initial stop [p]. Each test word was placed in a 
carrier sentence [X, tʰəɯ34 X kɯ13 ni13 tʰẽ44] “X, read X for 
you to listen”. The speakers were instructed to read the 
randomized word list naturally in a normal speech rate. The 
16-bit audio sounds were recorded through an AKG 
microphone directly into a laptop PC through a Lexicon I-O 
22 USB sound card. The sampling rate is 11,025 Hz. 3 
repetitions were recorded. 

The target vowels were labelled in praat 6.0.29 ([29]). The 
diphthongs were annotated as being composed of three 
segments, i.e. an onset, an offset, and the transition connecting 
them. The lowest four formant frequencies were extracted 
from the midpoint of the steady state for the onset or offset 
segment. If there is no steady state, first formant (F1) 
minimum was taken as the target point for high vowels and F1 
maximum was taken as the target point for low vowels. The 
duration of each segment was measured. And F2 range and 
rate of change were calculated for each diphthong. 
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3. Results 

3.1. Monophthongs 

Figure 1 shows the distribution of 8 Xupu monophthongs [ɿ ʅ i 
u ɯ y a ɒ] in the acoustic vowel plane in male (upper) and 
female (lower) speakers. The acoustic vowel space is 
determined by the first formant (F1) as ordinate and second 
formant (F2) as abscissa with the origin of the coordinate to 
the top right. Coordinates are bark-scaled ([30]), but still 
labelled in Hertz. Each two-sigma ellipse is based on 45 
sampled data points (3 test words × 3 repetitions × 5 speakers).  
  

 

Figure 1: 2-sigma ellipses for the Xupu monophthongs 
in male (upper) and female speakers (lower).  

Table 2: Means (in Hz) and one-way ANOVAs for F1, 
F2, and F3 of [ɯ u].  

 
MALE FEMALE 

ɯ u ɯ u 

F1 
408 354 454 420 

F=106.09, P<0.0001 F=23.99, P<0.0001 

F2 
903 768 958 826 

F=162.92, P<0.0001 F=143.34, P<0.0001 

F3 
2689 2491 3142 2958 

F=133.16, P<0.0001 F=75.59, P<0.0001 
 

Xupu distinguishes 2 levels of vowel height. There are 6 
high vowels [ɿ ʅ i u ɯ y], and 2 low vowels [a ɒ]. The low 
vowels distinguish in backness. However, the rounded low 
back vowel [ɒ] is a bit higher than the unrounded low central 
vowel [a]. The 6 high vowels distinguish 2 levels of vowel 
backness. [i y] are front vowels, and [u ɯ] are back vowels. 
Both high front and back vowels distinguish in lip rounding. 

The unrounded high back vowel [ɯ] was described as a 
rounded high back vowel [u] with certain degree of frication, 
and the rounded [u] was transcribed as a rounded semi-high 
back vowel [ʊ] in previous dialectological works ([28]). In 
other words, they ([u ʊ]) have same degree of backness and lip 
rounding, but distinguish in height. As shown in Figure 1, [u] 
([ʊ]) is actually a bit higher than [ɯ] ([u]). That is probably 
due to the effect of lip rounding, since lip rounding lowers all 
formants. As shown in Table 2, all the first three formants, F1, 
F2, and F3, are significantly smaller in [u] than in [ɯ]. That is, 
[u ɯ] distinguish in lip rounding, rather than in vowel height. 

Finally, the two apical vowels [ɿ ʅ] occupies a central high 
position in the acoustic F1/F2 vowel plane. This is a typical 
characteristic of apical vowels commonly observed in Chinese 
dialects, as they are historically originated from high front 
vowels in general ([31], [32)). 

3.2. Diphthongs 

The 4 falling diphthongs [ae ei əɯ ao] and the 6 rising 
diphthongs [iɛ iɒ iu uɛ ua yɛ] in Xupu were examined in terms 
of temporal organization, spectral property, and dynamic 
aspects.  

3.2.1. Temporal organization 

Figures 2 and 3 show mean durations in millisecond and in 
percentage respectively for diphthong components in falling 
and rising diphthongs in Xupu. 
 

 
 

 

Figure 2: Temporal organization in millisecond for 
diphthong components in male (upper) and female 

speakers (lower).  

It is apparent from the figures that temporal organization 
is quite consistent between male and female data. First, there 
is no clear pattern of temporal organization for falling 
diphthongs. [ae] has a quite balanced structure of temporal 
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organization. The onset element in [ao əɯ] become shorter, 
and consequently the offset element become longer. The onset 
element becomes even shorter in [ei], so that the temporal 
organization for [ei] resembles those for rising diphthongs [iɒ 
iu uɛ ua], rather than for the other falling diphthongs. And [ao 
əɯ ei] also share a commonality in that they all have a short 
duration of transition. 

 

 

 
Figure 3: Temporal organization in percentage for 
diphthong components in male (upper) and female 

(lower) speakers.  

The four rising diphthongs [iɒ iu uɛ ua] in Xupu exhibit a 
common pattern of temporal organization. That is, the offset 
element is the dominating component, which takes more than 
60% of entire diphthong duration, and the onset element has a 
short duration, about 24-60 milliseconds, which takes about 
10%-20% of entire diphthong duration. [iɛ yɛ] are exceptions. 
They have a relatively balanced structure of temporal 
organization, resembling the falling diphthong [ae].  

3.2.2. Spectral properties 

Figures 4-5 compare 2-sigma ellipses of the onset and offset 
elements in rising diphthongs and their monophthongal 
counterparts in the acoustic F1/F2 vowel plane. The IPAs with 
parentheses denote diphthong components. 

As can be observed from the figures, ellipses for 
diphthong onsets [i u y] and offsets [a ɒ ɛ ɯ] extensively 
overlap with their corresponding monophthongs respectively, 
although there could be certain degree of coarticulatory effects. 
Exceptional cases are from [i] in [iɑ], and [ɛ] in [iɛ uɛ yɛ] 
(especially in male speakrs). Suffice it to conclude that rising 
diphthongs in Xupu tend to have two spectral targets, as both 
onset and offset elements have comparable spectral 
distributions to their monophthongal counterparts in general. 

 

    

Figure 4: 2-sigma ellipses for the onset and offset of 
[iɒ iɛ iu] and corresponding monophthongs in 

male(left) and female (right) speakers. 

    
Figure 5: 2-sigma ellipses for the onset and offset of 

[ua uɛ yɛ] and corresponding monophthongs in 
male(left) and female (right) speakers. 

    

Figure 6: 2-sigma ellipses for the onset and offset of 
[ae ei] and corresponding monophthongs in male(left) 

and female (right) speakers. 

    
Figure 7: 2-sigma ellipses for the onset and offset of 

[əɯ ao] and corresponding monophthongs in 
male(left) and female (right) speakers. 

Figures 6-7 compare 2-sigma ellipses for the components 
in falling diphthongs and their monophthongal counterparts in 
the acoustic F1/F2 vowel plane. Diphthong components were 
denoted by the IPAs with parentheses. 

First, falling diphthongs [ae ei ao əɯ] in Xupu all have 
short spectral movements, so that the ellipses for the onset and 
offset in a same falling diphthong extensively overlap with 
each other. As mentioned earlier, falling diphthong [ae] and 
the monophthong [ɛ] are free variants. 22 out of 45 samples in 
male speakers and 25 out of 45 samples in female speakers are 
pronounced as [ɛ]; the rest of them are produced as [ae]. It can 
be seen from the figures that [ae] and [ɛ] occupies a similar 
position in the acoustic vowel plane. In other words, they are 
both mid-low vowels, although [ae] are phonetically 
diphthongal and [ɛ] are monophthongal. It is apparent from 
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Figure 6 that the other front diphthong [ei] occupies a mid-
high position in the acoustic vowel plane. Recall that Xupu 
monophthongs only have a high versus low distinction of 
vowel height, and there are no mid monophthongs. The 
situation is that the spectral regions for the mid-high and mid-
low distinctions are occupied by dynamic vowels, i.e. the 
falling diphthongs. The phonetic evidence for this kind of 
phonological treatment is that diphthong elements [e] in [ae] 
and [ei], [o] in [ao], and [ə] in [əɯ] do not have comparable 
monophthongal counterparts. Moreover, the other diphthong 
element that has comparable monophthongal counterpart in 
falling diphthongs is quite variable. To conclude, it seems that 
the production of falling diphthongs in Xupu concerns with a 
dynamic spectral target, rather than a sequence of two spectral 
targets. 

Second, the distinction between [ao əɯ] in the back vowel 
series is not in vowel height, but in peripherality. As can be 
seen from Figure 7, [ao] is peripheral, and [əɯ] is non-
peripheral. 

In summary, the production of falling diphthongs is a 
single articulatory event with a dynamic spectral target, while 
the production of rising diphthongs is a sequence of two 
articulatory events with their own spectral targets. 

3.2.3. Spectral dynamics 

Whether a diphthong is composed of a dynamic spectral target 
or a sequence of two spectral targets, the production of 
diphthongs includes a transition connecting the onset and 
offset components. It is proposed in the literature that spectral 
dynamics characterizes diphthong production in terms of the 
range and rate of second formant (F2) change ([33], [34]). 
Table 3 summarized mean range and rate of F2 change for the 
diphthongs in Xupu. 

Table 3: Mean ranges in HZ and rates in HZ/ms of the 
F2 change for the diphthongs in Xupu. 

Diphthongs 
Male Female 

ΔF2 rate ΔF2 rate 

Falling 

ei 487 9.55  494 10.29  
əɯ 262 5.04  245 4.71  
ao 221 4.42  209 4.18  
ae 209 2.27  233 2.65  

Rising 

iu 1461 21.81  1748 28.66  

iɑ 911 18.98  944 17.81  
uɛ 751 8.53  1050 13.29  
ua 486 6.85  523 8.05  
iɛ 431 4.74  466 4.96  
yɛ 274 3.04  276 2.91  

 
First, it is generally observed from the table that a greater 

F2 range of change is correlated with a greater F2 rate of 
change. And the data is consistent across male and female 
speakers. The two exceptions are from the falling diphthong 
[ao] and the rising diphthong [iɑ] in female speakers: [ao] has 
a smaller F2 range of change but a greater F2 rate of change 
than [ae]; [iɑ] has a smaller F2 range of change but a greater 
F2 rate of change than [uɛ]. Second, the F2 rate of change 
serves as a better measure than the F2 range of change does. 

Falling and rising diphthongs have the same ordering in both 
male and female speakers in terms of F2 rate of change 
respectively: [ei] > [əɯ] > [ao] > [ae] and [iu] > [iɑ] > [uɛ] > 
[ua] > [iɛ] > [yɛ]. But the data is not consistent across male 
and female speakers in terms of F2 range of change. Third, 
falling and rising diphthongs should be taken into account 
separately, rather than together, as they concern spectral 
dynamics with opposite directions of movement in general. It 
has been reported in the literature that spectral dynamics 
would have problems in diphthong characterization in 
languages with a complex inventory of diphthongs, especially 
in those languages with both falling and rising diphthongs 
([20], [22], [35], [36], [37], [38]). 

4. Conclusion 
This paper gives an acoustic phonetic description of the 
vowels and diphthongs in the Xupu Xiang Chinese dialect. 
Based on the acoustic phonetic data, an outline of the vowel 
phonology is given. 

Monophthongs have a high versus low distinction, and 
there is no mid monophthongal vowels in Xupu. Interestingly, 
the acoustic phonetic data support a phonological analysis of 
the four falling diphthongs [ae ei ao əɯ] as dynamic mid 
vowels, as the production of falling diphthongs in Xupu is a 
single articulatory event with a dynamic spectral target. [ae] is 
a dynamic mid-low front vowel, and it alternates with the 
monophthong [ɛ]; [ei] is a dynamic mid-high front vowel; [ao] 
is a dynamic peripheral back vowel; [əɯ] is a dynamic non-
peripheral back vowel. Therefore, Xupu vowels actually have 
a four-level distinction of vowel height. In contrast, rising 
diphthongs in Xupu are composed of two spectral targets, 
since both onset and offset elements in rising diphthongs have 
comparable spectral distributions to their monophthongal 
counterparts. In other words, in the Xupu dialect, a rising 
diphthong is a sequence of monophthongal components, while 
a falling diphthong should phonologically be treated as a 
single vowel and being contrastive to monophthongs. Finally, 
spectral dynamics help characterize diphthong production 
especially in terms of F2 rate of change, given that falling and 
rising diphthongs are accounted for separately. 
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