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Abstract 
This paper provides an overview of the acoustic-phonetic description of the citation 
tones of two native speakers of Lanqi (兰溪) Chinese.  Raw and normalized data are 
presented for these speakers.  The normalization process is discussed in relation to the 
tonal acoustics: fundamental frequency (F0) and duration.  The resulting linguistic-
phonetic description is discussed in reference to Yip’s (2002) phonological model of 
tonal geometry.   

1. Introduction 
The aim of this paper is to provide a description of the raw 
and normalised tonal acoustics of Lanqi Chinese.  Lanqi 
belongs to the Wuzhou subgroup of the Chinese Wu dialects.  
The Wu dialects are part of the Chinese or Sinitic branch of 
the Sino-Tibetan language family and are found in the Eastern 
Chinese provinces of Zhejiang and Jiangsu.  Lanqi is situated 
northwest of Jinhua, a regional capital city in Zhejiang 
province. There are approximately 660 000 speakers of Lanqi.  
This paper will present the raw and normalised tonal acoustics 
of the citation tones of two native speakers.   

1.1. Lanqi Tones 

In Rickard (2004) I presented the tonal system found in Table 
1 based on the tonal acoustics of one speaker. 

Table 1: Lanqi tone system 

Tones Qièyùn F0 Contour Yip 
Model 

Tone 1 Yinping Mid level -U, H 
Tone 2 Yangping Low falling -U, HL 
Tone 3 Shang High falling +U, HL 
Tone 4 Yinqu  High rising +U, LH 
Tone 5 Yangqu Low rising  -U, LH 
Tone 6 Yinru High rising stopped (+U, LH) 
Tone 7 Yangru Low rising stopped (-U, LH) 

 
In Table 1, each tone is given in reference to the Qièyùn 
category, the F0 contour and Yip’s phonological model of 
Register (+/- Upper) and Tone or Melody (H/L).   
 
The Qièyùn tone categories are derived from the Middle 
Chinese Qièyùn rhyme tables and are commonly used to 
describe the historical Chinese tone categories.   

1.2. Previous Work: Wu 

Chao (1976) provided an overall analysis of the phonology of 
Wu dialects but focused mainly on the northern Wu dialects. 
Ballard (1980) provides descriptions of the tone sandhi 
phenomena in varieties of Wu, including Shanghai, Suzhou, 
Zhenhai and Wenzhou.  Rose (1981, 2001) and Rose and 
Toda (1994) have provided descriptions of Zhenhai and 
Wenzhou tones and tone sandhi.  More recently, in the current 
proceedings, Steed (2006) presents tone sandhi data on 
Longquan, and Rose (2006) presents the case for tonal 
homogeneity and acoustic reconstruction of Proto-Oujiang. 

1.3. Previous Work: Lanqi 

Ballard (1969) provides historical phonological 
reconstructions of neighbouring Wuzhou dialects, Yongkang 
and Jinhua.  However, very little research has been presented 
on Lanqi.  In Rickard (2004), I provided an initial acoustic 
analysis (F0 and duration) of the raw citation tones of one 
male speaker, MYX.  This paper found that Lanqi was of 
particular interest because of the difference in tonal register. 
This initial study found that the majority of the contour tones 
are almost completely restricted to their register which is 
unlike any other Chinese or Thai tonal dialect.  This acts as 
evidence for the definition of register as found in Yip’s (2002) 
tonal geometry of register.   

2. Procedure 

2.1. Corpus and Elicitation 

There are two speakers in this study, a young male, MYX 
from Rickard (2004) and a young female, MQM.  The data 
were recorded by Dr Phil Rose in 1988 at the Australian 
National University as part of a study of Wu tones.  Elicitation 
was performed by Rose.  The speakers read from a Chinese 
‘zihui’, which is a list of approximately 500 words presented 
in traditional Chinese characters.  This list is used to show 
differences between Chinese dialects.  An average 22 tokens 
were analysed per tone per token.  The tokens used in this 
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study included all syllable types, all vowel types including 
semi-vowels and all consonant onsets. 

2.2. Method 

The tokens were digitized using CSL (Computer Speech 
Laboratory) at 10kHz.  The data were then analysed using the 
Praat pitch (sic: F0) extraction routine (v4.2.30).   

The F0 measurements were taken at the following sample 
points: 0%, 5%, 10%, 20%, 40%, 60%, 80%, 95% and 100%.  
This provided enough detail to replicate the F0 contour 
throughout the rhyme including any onset and offset 
perturbations. 

Duration was measured from the rhyme onset which is 
determined by the start of the F-pattern in the spectrogram or 
the first clear glottal pulse in the waveform.  Duration was 
measured up to the last clear glottal pulse in the waveform, the 
end of the F-pattern in the spectrogram.   

2.3. Normalisation of Fundamental Frequency 

Normalisation is necessary to provide a linguistic-phonetic 
representation of tones. Normalisation of tones is a 
mathematical process which reflects the listener’s perceptual 
process, ceteris paribus.  The normalisation of tone captures 
the linguistic-acoustic nature of the tones minus the between-
speaker variance (Rose 1987).  Most of the between-speaker 
variance is due to the fact that everyone has a unique 
physiology and this influences the acoustics in tone 
production.   

The normalisation index (NI) is a means of comparing 
different normalisation strategies, normalisation parameters 
and normalisation points.  The normalisation index is 
described as the following ratio:  

 
NI = dispersion coefficient (DC) of raw F  0 values        
                      DC of normalised F  values 0
 

where the ratio of the dispersion coefficient is the mean 
between-speaker variance of F0 values and the overall sample 
variance.   

The normalisation strategy used in this paper is the 
logarithmic z-score as it has been found to produce superior 
results than all other F0 normalisation strategies (Zhu 1999; 
Ishihara 2004).  Zhu gives a detailed description of these 
normalisation strategies.  Upon testing the Lanqi data against 
the linear z-score, the logarithmic z-score yielded a higher 
NI, therefore consistently produced a superior result.  Log z-
score normalised values are calculated using the formula 
given in (1).   

                     
y
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z
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=                                    (1) 

where xi = log10x, x= an observed F0 value, my = mean of xi, 
and sy = standard deviation of xi. 

A variety of sets and subsets of different tones were 
chosen in order to find the normalisation points yielding the 
highest NI. The normalisation points used which yielded the 
highest NI in this study are taken from the most comparable 
sampling points of the five unstopped tones (T1-T5) and 5% - 
95% of tones 6 and 7 which are phonetically realized 

differently by the two speakers. The sampling points used are 
found in table 2.   

Table 2: Sampling Points of each tone 

Tone Normalisation Points 
T1 10% - 95% 
T2 20% - 95% 
T3 20% - 95% 
T4 20% - 80% 
T5 40% - 80% 
T6 5% - 95% 
T7 5% - 95% 

   

2.4. Normalisation of duration 

The linguistic-phonetic description given in this paper is also 
given in terms of normalised duration.  Equalized duration has 
some merit as it provides an equal basis for the F0 
measurements, making the F0 comparable between-tones. 
However in doing so, equalized duration can also make some 
tones comparable when they are clearly different.  This was 
found in Zhu’s (1999:80) Shanghai data and is also evident in 
the Lanqi data.  Speaker MYX produces the mid level 
unstopped tone (T1) and the high stopped tone (T6) with a 
similar contour in the close proximity in the speaker’s F0 
range.  When T1 and T6 are plotted as a function of equalized 
duration, the tones are comparable when the acoustic 
distinction of duration should be maintained.   

Normalised duration also better represents the speaker’s 
perceptual process providing a more accurate description.  
Zhu discusses four normalisation methods: (1) the base tone 
method which uses the longest tone as 100% of duration and 
the normalised durations measurements are given as a 
percentage of this base duration; (2) the comparable tone 
method where the average duration of the most comparable 
tones are used as the duration base; (3) the cross-tone method 
which uses the average duration of all tones as the duration 
base and (4) a z-score transform.  Zhu’s data found the cross-
tone method yielded the highest NI. This is also the case for 
the Lanqi data; therefore it is the method used in this paper.  
Therefore, the average duration of all tones is used as a base, 
and the normalised duration measurements are given as a 
percentage of this base.   

3. Results 

3.1 Raw Mean Data 

Figure 1 shows the raw mean F0 plotted as a function of mean 
absolute duration of the citation tones of speaker MYX, and 
Figure 2 shows the same data for speaker MQM.   
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Figure 1: Speaker MYX raw mean citation tones 

 Figure 2: Speaker MQM’s raw mean citation tones 

3.2 Normalised Data 

Figure 3 shows the normalised data for both speakers, 
resulting in a linguistic-phonetic description of Lanqi citation 
tones.  The data are presented as mean log z-score normalised 
fundamental frequency, given in standard deviations from the 
mean plotted against normalised tonal duration given as a 
percentage of the average duration of all tones.  The vertical 
lines at each sampling point represent the variance at that 
point.   

 

Figure 3: Linguistic-phonetic description of Lanqi 
citation tones 

4. Discussion 

4.1 Raw Mean Data 

From figures 1 and 2, it is evident that there is a distinction in 
register for the contour tones with the body of the mid-level 
tone reflecting the mean or indicating a reference point in the 
speaker’s F0 range.   

The main difference in the tones is the different phonetic 
realisations of the stopped tones.  Where MYX has rising 
stopped tones, MQM realises falling stopped tones.  This can 
be explained by truncation as described in Rose’s (1996) 
Hua-Sai and Pakphanang data.  The relative height of the 
stopped tones has remained and the perceptually salient 
feature of duration is evident in both speakers’ realisations.  
The different realisations can be explained by the fact that 
MQM has a much longer onset perturbation than MYX and 
she takes a longer period of time to reach the F0 target.  
Therefore, because the stopped tones are approximately a 
third of the duration of the unstopped tones, MQM does not 
have enough time to reach the F0 target due to the impending 
closure at the glottis on the stopped syllables.   
In regards to the tonology, it can be said that all rising 
tonemes are realised as a truncated allotone when occurring 
with a syllable final glottal stop.  Therefore, regardless of the 
phonetic realisation of the F0 contour, the tone is a truncation 
of the unstopped rising tone.  The corresponding tonological 
rule is given in (2). 
 
/RISING/   → [truncated]/_Ɂ    (2) 
   → [unstopped] elsewhere (default) 

The rule in (2) is also given in (3) using the features defined in 
Yip’s phonological model of tonal geometry as presented in 
Table 1.  The features presented in (3) reflect the perceptually 
salient features of the tones.   
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         [+/-U, L]/_Ɂ 

/+/-U, LH/      (3) 

         [+/-U, LH]  

The feature allocation also presents a further case for the 
stopped tones being realisations of the rising tones as opposed 
to the falling tones. Within the geometry, the mid-level tone 
can only have the assigned features [-U, H] therefore the high 
short stopped tone can only be assigned [-U, L].  This 
highlights a problem with Yip’s tonal geometry because if the 
stopped tones were allotones of the falling toneme, the mid 
level tone would need to be specified as [+U, H] when it is 
neither phonetically high nor produced in the upper register.  
A solution to this problem is to leave the mid level tone as 
unspecified.  However as the mid level tone is clearly 
positioned in the middle of the speakers’ ranges, it may be 
acting as a perceptual referent and therefore should be 
specified. 

The other notable differences in the two speaker’s 
inventories is that MQM has a much longer onset 
perturbation than MYX and, MQM produces a relatively low 
F0 in the low falling tone.  It is lower in the speaker’s F0 
range than expected and is produced with breathy phonation.       

4.2 Normalised Data 

From figure 3 it is evident that there is little variation between 
the two speakers.  The most amount of variance is found on 
the onset perturbation of the high rising tone.  This variation is 
just over one standard deviation (SD), whereas the variation 
found in all other tones is less than one SD.  All mean 
normalised values are within four SDs of the mean.  That is to 
say that all values occur within two SDs below the mean and 
two SDs above the mean.   

All sampling points for the three high contour tones occur 
above the mean which is seen as zero on the y-axis.  All but 
one of these sampling points also occur above the mid level 
tone.  More than 75% duration of each of the low tones 
occurs below the mean.  This further supports a phonological 
distinction in register.   

The short stopped tones have a relatively small amount of 
variation considering they are phonetically different for the 
two speakers.  Because of the extremely short duration, the 
actual pitch contours are not perceivable and therefore do not 
need to be presented in a linguistic-phonetic representation.  
The perceptually salient features of these tones are that they 
are of short duration and have a relative height distinction and 
this is evident in figure 3.  The F0 duration is approximately a 
third of the unstopped tones and the high stopped tone (T6) is 
approximately 0.5 of a standard deviation above the mean and 
the low stopped tone (T7) is approximately 0.5 of a standard 
deviation below the mean.   

5. Summary 
This study provides further support for the ideas expressed in 
Rickard (2004), particularly in regards to supporting a natural 
distinction in tonal register.  The linguistic-phonetic 
description presented in this paper is an accurate description 
of tonal system of the average Lanqi native speaker based on 
the raw measurements of two native speakers.  Further 
research on the disyllabic tones, tone sandhi and prosody may 

further aid a phonological model suitable for more accurately 
describing the acoustics of other Chinese and Wu dialects.  
Further research will also aid in a description of Wu sub-
grouping and classification and aid in the possible 
reconstructions of the Wuzhou subgroup.   
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