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ABSTRACT: Studies focusing on the numerical modelling of liquefaction will generally involve the analysis of pore water pressure 
responses and require comparisons between measured and modelled responses in order to validate the modelling assumptions or to 
select a best-fit model. Early studies typically based this comparison on qualitative judgement that can introduce potential bias and 
may vary from person to person. A recent study proposed a quantitative criterion to evaluate the goodness-of-fit between two pore 
pressure response time series based on a set of quality metrics. This paper presents an application of the proposed criterion to quantify 
the goodness-of-fit of a previously collected dataset, which consists of pairs of pore pressure records from dynamic centrifuge tests 
and numerical simulations. A separately conducted survey collected qualitative judgements of this dataset, and the survey data was 
analyzed against the criterion evaluation. A total of 25 respondents were been involved in the survey to score eighteen pairs of records. 
Analysis of the survey data revealed considerable variability in the subjective evaluations, with individual scores ranging from 1 (poor 
match) to 10 (perfect match) for one pair of records. The average survey scores were then calculated and compared to the criterion 
scores. The results indicated that the average survey scores exhibited a reasonably high correlation with the criterion evaluation, 
including the weighted average of the criterion and most of the individual quality metrics. Results suggest the criterionoffers a more 
systematic, reproducible and unbiased framework for performance evaluation. 
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1 INTRODUCTION 

A range of different approaches have been used to assess the 
goodness-of-fit (GOF) of the time-series response of model 
simulations against experimental data or recorded data from the 
field. Early studies typically used qualitative approaches to 
evaluate the GOF of models based on the match of the overall 
shape of a response and/or the peak intensity (Sabetta, Pugliese 
1996, Hartzell 1982). The results based on subjective judgement 
are generally less convincing because people may perceive 
different levels of similarity based on the same data. Instead, 
quantitative criteria are usually preferred to evaluate the GOF 
between time series, as it is generally objective and ensures a 
consistent scale.  

Over recent decades, numerous quantitative criteria have 
been developed to assess the goodness-of-fit (GOF) between 
ground acceleration time series. In contrast, limited efforts have 
been directed toward establishing equivalent criteria for 
evaluating excess pore pressure time histories. A recent study 
introduced a quantitative GOF metric specifically for pore 
pressure records (Jiang, Wotherspoon 2024). In the present study, 
this criterion is applied to a previously collected dataset that 
consists of paired pore pressure simulations and the 
corresponding centrifuge test records. The performance of the 
proposed GOF criterion is compared with qualitative 
assessments obtained from a survey conducted among 
postgraduate students in the Department of Civil and 
Environmental Engineering at the University of Auckland. 

This paper aims to evaluate the effectiveness of the 
proposed quantitative criterion and highlight the benefits of 
numerical assessment methods over traditional qualitative 
evaluations, which often rely on visual interpretation.  

2 METHODOLOGY 

2.1 Criterion Introduction 

2.1.1 Score equation 

The proposed criterion consists of five individual quality 
metrics, each of which is evaluated by a score equation. The 

generic score equation is a negative exponential function 
defined in Equation (1).  

𝑆ሺ𝑛ଵ,𝑛ଶሻ ൌ 10𝑒𝑥𝑝 ቊെ ቤ
|𝑛ଵ െ 𝑛ଶ|

𝑚𝑒𝑎𝑛ሺ|𝑛ଵ|, |𝑛ଶ|ሻ
ቤቋ (1) 

where S is the parameter GOF score and 𝑛ଵ and 𝑛ଶ are any 
proposed quality metric from the two records. The function 
𝑒𝑥𝑝 ሺെ|𝑧|ሻ ranges between 0 and 1, and the factor 10 sets the 
range to vary from 0 to 10. A score lower than 4 is a poor fit, a 
score between 4 and 6 is a fair fit, a score between 6 and 8 is a 
good fit and a score higher than 8 is an excellent fit. Figure 1 
shows the relationship between the metric ratios (𝒏𝟏

𝒏𝟐
) and the 

GOF scores with colors indicating the grade scale. 

 
Figure 1. GOF scores as a function of metric ratio (

𝒏𝟏
𝒏𝟐

) and the grade 

scale for different GOF scores. 

2.1.2 Quality metrics 

During the liquefaction process, the excess pore pressure 
develops over time with a similar general trend. Figure 2 shows 
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a pair of representative pore pressure records from soils that 
have liquefied, with one record from a centrifuge test and the 
other from numerical modelling. Both records consist of a rapid 
increase in pore pressure followed by a roughly constant period, 
with significant fluctuations observed throughout the records. 
The termination of the records may depend on the duration of 
the ground motion input. Pore pressure records may involve a 
gradual decrease in magnitude if the ground motion includes 
post-earthquake response, whereas a sudden cutoff may occur 
if the post-earthquake response is excluded.  

 
Figure 2. Example pore pressure records extracted from a centrifuge 
experiment and the corresponding numerical modelling record. 

In this study, a total of five criteria quality metrics were 
proposed to ensure a comprehensive comparison between the 
two records. Table 1 summarizes the five proposed individual 
quality metrics to compare two pore pressure time series, 𝑝ଵሺ𝑡ሻ 
and 𝑝ଶሺ𝑡ሻ.  

An overall goodness-of-fit (GOF) score can be derived by 
aggregating the five proposed quality metrics using either an 
arithmetic mean or a weighted average. The arithmetic mean 
provides a simple and uniform assessment by treating all 
metrics with equal importance. In contrast, the weighted 
average incorporates engineering judgment by assigning 
relative weights to each metric according to its perceived 
significance in evaluating the performance of pore pressure 
simulations. A weighted average is recommended in this study 
and Table 1 summarizes the proposed weight combination. 

Table 1. Proposed pore pressure GOF criteria quality metrics and the 
weights used in this study. 

Quality 
Metrics 

Definition Weight 

PD Average difference 20 

PM Magnitude of steady pore pressure 40 

PT Time when steady pore pressure starts 20 

PI Pore pressure integral 10 

PDTW Dynamic time warping 10 

PD provided a measure of the average difference between two 
records by evaluating and averaging the point-to-point GOF for 
the entire time series, as described in Equation (2). 

𝑃஽ ൌ 𝑚𝑒𝑎𝑛ሾ𝑆൫𝑝ଵሺ𝑡ሻ, 𝑝ଶሺ𝑡ሻ൯ሿ (2) 

PM and PT are the coordinates (magnitude and time, 
respectively) of the turning point when the pore pressure 
buildup process stops and reaches a stable state, as described in 
Equation (3) and (4). 

𝑃ெ ൌ 𝑆൫𝑃ଵ
௫%,𝑃ଶ

௫%൯  (3) 

𝑃் ൌ 𝑆൫𝑇ଵ
௫%,𝑇ଶ

௫%൯  (4) 

where 𝑃௫% and 𝑇௫%
 are defined as the magnitude and time 

when 𝑝ሺ𝑡ሻ first reaches a set percentage (𝑥%) of its maximum, 
which is defined as 85% in this study. 

The pore pressure integral (PI), is defined as the integral of the 
pore pressure record above 𝑥% of the maximum smoothed pore 
pressure record 𝑝ሺ𝑡ሻ. This metric is used to describe the time 
intervals with the pore pressure higher than the threshold. In 
addition, the metric can capture the fluctuation that occurred 
above the threshold value. The integral equation and 
corresponding score equation are defined in Equation (5) and 
(6). 

𝐼௫% ൌ ሾ𝑝ሺ𝑡ሻ׬ െ 𝑦ሺ𝑡ሻሿ 𝑑𝑡  (5) 

𝑃ூ ൌ 𝑆൫𝐼ଵ
௫%, 𝐼ଶ

௫%൯  (6) 

where the threshold pore pressure 𝑦ሺ𝑡ሻ ൌ 𝑥% 𝑜𝑓 𝑚𝑎𝑥 𝑝ሺ𝑡ሻ.  
Dynamic time warping, often used in speech recognition 

(Rabiner 1993), computes the optimal distance between two 
records with a non-linear time scale. It can be used to match two 
shapes regardless of lags or duration differences, but it is 
sensitive to time step and magnitude. PDTW employs this 
concept to evaluate the spike matches within a certain time 
window w, where w = 1 s for this study. Within each time 
window, both records are calibrated to start from 0 and the DTW 
is used to verify if there are similar spike shapes within the 
window. The score equation is defined as Equation (7). 

𝑃஽்ௐ ൌ 𝑑𝑡𝑤ሺ𝑝ଵሺ𝑡௪ሻሻ,𝑑𝑡𝑤ሺ𝑝ଶሺ𝑡௪ሻሻ   (7) 

2.2 Survey Data 

A voluntary and anonymous survey was conducted over a one-
month period from 23rd January 2024 to 22nd February 2024 
to collect people’s perceptions about the similarity between 
pairs of data. Any postgraduate student who was in the 
Department of Civil and Environmental Engineering at the 
University of Auckland was invited to participate in this 
research. Participants had the option to leave their email address 
to receive a summary of the survey findings upon completion. 
The survey responses were stored securely in the university’s 
database where only the research team will have access to. The 
data will be stored for 6 years and then automatically erased. 

The participants finished an online questionnaire and used 
their own judgement to score a dataset. The questionnaire 
includes a total of 18 pairs of pore pressure simulation records 
from a previously performed numerical modelling study as 
shown in Figure 3Figure 1 (Part 1) and Figure 4Figure 2 (Part 
2), including the centrifuge test record in blue and the numerical 
modelling records in red. Both figures show how pore water 
pressure changes during an input excitation. The participant 
was asked to use consistent judgement to compare each data 
pair and score the similarity between experimental and 
numerical data. A score of 1 was a poor match and a score of 
10 was an excellent match. 

3 RESULTS AND DISCUSSION 

Three pore pressure records from Figure 3 – subplots 1, 4, and 
7 – are selected to demonstrate the analysis. The criterion scores 
are compared against the collected survey scores to correlate 
the qualitative judgement and quantitative evaluation. 
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Figure 3. Surveyed pore pressure records in pairs (Part 1) – centrifuge 
test records in blue and numerical modelling records in red. 

 
Figure 4. Surveyed pore pressure records in pairs (Part 2) – centrifuge 
test records in blue and numerical modelling records in red. 

3.1 Survey Data Analysis 

Figure 5 presents the three selected records to demonstrate the 
relationship between the criteria scores and survey scores. For 
each pair of pore pressure records, three subplots are used to 
illustrate the results:  
(i) A pair of pore pressure records plotted against time,  
(ii) A histogram of the 25 survey scores with a vertical 

dashed line showing the criterion weighted average score 
(WA), and  

(iii) A scatter of the criteria metric scores with a horizontal 
dashed line showing the average survey score. 

Figure 5 a(i) and b(i) both illustrate the scenarios where the 
numerical simulation overestimates the measured pore pressure 
response; however, the characteristics of these discrepancies 
differ. A preliminary visual observation of Figure 5 a(i) 
indicates that the simulated pore pressure record is nearly twice 
the experimental record during 2-10s before converging to 
similar amplitudes after 12s. In contrast, Figure 5 b(i) shows a 
consistent overestimation across the whole 25s duration. 
Figure 5 c(i) presents a simulation that more closely aligns with 
the experimental data throughout the excitation.

These varying levels of agreement lead to high variation of 
qualitative judgements, which is reflected in the histograms of 
survey responses shown in Figure 5 a(ii) and b(ii). The black 
dashed line denotes the criterion-derived WA. For both cases, 
survey scores are widely distributed across the full 1–10 range, 
indicating a high variability in qualitative judgment. Figure 5 
c(ii) shows a left-skewed distribution, suggesting general 
agreement among respondents on the higher quality of this 
match. 

The average survey scores for the first two data pairs are 
approximately 6, which are shown as the red dashed lines in 
Figure 5 a(iii) and b(iii). The criterion WA in each case is 
broadly consistent with the survey averages, although the 
individual metric scores may deviate from these lines. 
Similarly, Figure 5 c(iii) shows a close alignment between the 
average survey rating and the criterion WA.  

 

 
Figure 5. The comparison between pore pressure criterion metric 
scores and survey data of data pairs 1, 4 and 7. Subplot (i). the pore 
pressure records; subplot (ii) the histogram of the 25 survey results with 
a dashed line showing WA; subplot (iii) the scatter of metric scores with 
a dashed line showing the corresponding average survey score. 

The rest of the survey scores are analyzed similarly, and the 
results are generally consistent with the observations above. 
Overall, the comparative analysis emphasizes the enhanced 
consistency, reproducibility, and analytical rigor provided by 
the quantitative criterion evaluation. 

3.2 Statistical Correlation Analysis 

A criterion correlation summary is performed to assess the 
correlations between the survey average scores and the criteria 
evaluated WA. A programming language for statistical 
computing and graphics, RStudio IDE, is adopted to generate 
the pairwise scatter plots with histograms and correlations.  
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Figure 6. The scatter plots, histograms, and correlation coefficients between pore pressure criterion metrics and survey scores. 

The plot consists of three components:  
(i) Along the diagonal subplots: univariate histograms of 

each criterion, which is a high-level summary of the 
criteria scores. 

(ii) Subplots at upper right corner: scatter plots with locally 
estimated scatterplot smoothing (LOESS) smoothers 
between any two criteria to visualize the correlation 
between two criteria.  

(iii) Subplots at bottom left corner: the correlation coefficient 
between any two criteria, and the size of the font of each 
number is proportional to its magnitude, i.e., the 
correlation coefficients have large fonts when the two 
criteria are highly correlated with each other and vice 
versa. 

Figure 6 shows a statistical correlation summary of the 9 pairs 
of pore pressure records (Survey data Part 1). The results 
indicate a strong positive correlation between the survey 
evaluation and criterion WA with a correlation coefficient of 
0.96. The high degree of correlation suggests that the criterion 
WA effectively captures the overall trends reflected in the 
averaged representation of the subjective human judgments.  

In terms of individual metrics, the survey scores exhibit 
relatively higher correlations with PD and PM (0.86 and 0.89, 
respectively). This observation aligns with the previous 
conclusions and further proves the effectiveness of the 
quantitative criterion, especially in capturing features that are 
perceptually important to human evaluators. 

It is notable that not all the criterion metrics are closely 
correlated with each other. The lack of strong internal 
correlation suggests that each metric captures distinct 
characteristics of the pore pressure time histories. Therefore, 
the inclusion of multiple metrics enables a more comprehensive 
evaluation of GOF.  

4 CONCLUSIONS 

In this study, the recently proposed quantitative GOF criterion 
for excess pore pressure time series was applied to a previously 
collected dataset to evaluate the agreement between simulated 
and experimental records. The resulting quantitative 
assessments were compared against qualitative evaluations 

obtained from a questionnaire survey conducted within the 
Department of Civil and Environmental Engineering at the 
University of Auckland. A total of 25 responses were collected 
over a one-month period from postgraduate students and 
researchers. 

Analysis of the survey data revealed considerable 
variability in the subjective evaluations, with individual scores 
ranging from 1 (poor match) to 10 (perfect match). This wide 
distribution suggests that individual expertise might influence 
the interpretation of perceived GOF, emphasizing the inherent 
subjectivity of visual or experience-based assessments.  

Despite this high variability, the averaged trends observed 
in the survey responses are reasonably consistent with those 
derived from the proposed quantitative criterion. This 
consistency highlights the robustness and reliability of the 
criterion and suggests that it successfully captures the key 
features that are commonly recognized by human perceptions. 
While qualitative assessments may be sensitive to subtle 
features in the data, the quantitative approach offers a 
systematic, reproducible and unbiased framework for 
performance evaluation. As such, the proposed criterion 
provides a sound basis for comparative analysis across different 
cases, enhancing objectivity and credibility in the assessment of 
pore pressure simulation quality. 
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