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ABSTRACT: Seismic hazard assessment requires knowledge of regional geological and geotechnical parameters. Shear 
wave velocity averaged across the upper 30 m of soil (Vs30) is a key parameter for site response studies in earthquake 
engineering. In the city of Quito, the capital of Ecuador, seismic data are scarce. This paper combines a recently compiled 
geotechnical database with a Bayesian Kriging technique to generate new soil geotechnical property maps for the city of 
Quito. The new QUITO/GEO-299 soil geotechnical database contains 299 records of soil geotechnical test results from 
across the Quito region. These datapoints were analysed using a Bayesian Kriging approach recently developed for 
generating seismic hazard data for the Kathmandu Valley in Nepal. The resulting Quito Vs30 map is compared to the 
corresponding map created using slope-based proxies implemented in the global Vs30 model presented by the U.S. Geological 
Survey. These new resources are useful for geotechnical engineers working in the Quito region, especially during project 
planning and preliminary design phases. 

 

RÉSUMÉ: L'évaluation des risques sismiques nécessite la connaissance des paramètres géologiques et géotechniques d'une 
région. La vitesse moyenne des ondes de cisaillement dans les 30 m supérieurs du sol (Vs30) est un paramètre clé pour les 
études de réponse des sites dans le domaine de l'ingénierie parasismique. Dans la ville de Quito, la capitale de l'Équateur, 
les données parasismiques sont rares. Cet article combine une base de données géotechniques récemment compilée avec des 
techniques de Krigeage Bayésien pour générer de nouvelles cartographies de propriétés géotechniques des sols pour la ville 
de Quito. La nouvelle base de données géotechniques QUITO-GEO-299 contient 299 enregistrements de résultats d'essais 
géotechniques du sol dans la région de Quito. Ces points de données ont été analysés à l'aide d'approches bayésiennes de 
krigeage récemment développées pour générer des données sur les risques sismiques dans la vallée de Katmandou au Népal. 
La carte Vs30 de Quito qui en résulte est comparée à la carte correspondante développée à l'aide d'approximations 
conventionnelles basées sur les pentes et mises en œuvre dans le modèle global Vs30 présenté par l'U.S. Geological Survey. 
Ces nouvelles ressources sont utiles pour les ingénieurs géotechniciens travaillant dans la région de Quito, en particulier 
pendant les phases de planification de projet et de conception préliminaire. 
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1 INTRODUCTION 

Average shear wave velocity over the upper 30 m of 
soil at a site (Vs30) is commonly used for seismic 
microzonation studies. An assessment of the seismic 
hazard in a region is often carried out using Vs30 as a 
proxy for soil stiffness. (Foti et al., 2018; De Risi et 

al., 2019). However, due to the high costs associated 
with Vs30 testing, data availability for this parameter is 
limited especially in low income multi-hazard prone 
regions. Geospatial analysis of the geotechnical 
parameters in a region can provide maps of the 
estimated values such as Vs30 without extensive 

testing. To develop geotechnical parameter maps, an 
appropriate geospatial model is needed (see Gilder, 
2022 and Gilder et al., 2022). Kriging interpolation 
can be used to develop geospatial maps of various 
geotechnical parameters, including Vs30, for data-
scarce regions (Webster and Oliver, 2007).  

A commonly used model for estimating soil Vs30 
values relies on the topographic information obtained 
from Digital Elevation Models (DEM) and is currently 
implemented by the U.S. Geological Survey (USGS). 
The USGS model uses a slope-based estimation of Vs30 
to produce estimates without testing (Wald and Allen, 
2007; Allen and Wald, 2009). In the case of scarce 
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measurements (i.e. at few local points within a region), 
Bayesian Kriging approaches (Omre, 1987; De Risi 
et al., 2021) can be used to produce a more robust 
estimation of Vs30 compared to the USGS model and 
may prove to have lower uncertainty compared to 
Simple or Ordinary Kriging approaches. 

In this context, this study developed a Vs30 map of 
Quito, Ecuador, using the data available from a 
recently developed database (Othman et al., 2023b) 
and the Bayesian Kriging framework developed by 
Gilder et al. (2022). Quito is in a multi-hazard region 
highly susceptible to seismic activities due to its 
location on a 60 km-long fault system (e.g. Vaca et al., 
2019). The region is also highly susceptible to rainfall-
triggered landslides, debris flows and flooding (e.g. 
Zapata et al., 2023). The city of Quito can be 
considered a ‘data-scarce’ region with respect to 
geotechnical data (Othman et al., 2023a), and has 
limited Vs30 data available for use in construction 
design. 

2 DATA SOURCES 

The required data for the application of the 
Gilder et al. (2022) Bayesian framework for Quito is: 
(1) the Vs30 raster map obtained from the USGS 
repository (USGS, 2007) used as prior data; and (2) 
site-specific Vs30 data obtained from the open-access 
geotechnical database ‘QUITO/GEO-299’ (Othman et 

al., 2023b) which includes Vs30 values and the 
geographical coordinates of these datapoints. 

2.1 The USGS Vs30 map 

The USGS (2007) open-access map repository 
contains rasterised global Vs30 mosaic maps based on 
the slope estimation of Vs30 using satellite DEM 
images. Using the data from the USGS raster, a Vs30 
mosaic map for Quito is constructed, as shown in 
Figure 1. Using the generated map in Figure 1, the 
estimated Vs30 values for the different sections of the 
city of Quito can be used within the prediction. 

2.2 The Quito geotechnical database 

QUITO/GEO-299 database (Othman et al., 2023b) 
presents comprehensive geological and geotechnical 
information on the soils of Quito. One of the 
parameters included in the database is the Vs30, along 
with the site location coordinates. The total number of 
available Vs30 data is 82 points.  

The Vs30 data available in the database were 
reported as found in the source (45 points) or 
calculated from Vs measurements using CEN (2004) 
definition (21 points) or extrapolated for data points 
shallower than 30 m using Boore (2004) method (16 

points). Figure 2 shows the location of each Vs30 
measurement and the value of these measurements 
compared to the USGS model. 

 
Figure 1. USGS Vs30 mosaic map for the Quito area; 

geology map polygons for the Metropolitan District of Quito 

(DMQ) from Municipio de Quito (2015). 

The slope-based approach used as prior 
information in this study is known to provide an 
average overestimation of Vs30 with respect to data 
point measurements (e.g. Stewart et al., 2014). This 
trend is also found in the area of study comparing the 
data points from ‘QUITO/GEO-299’ and the USGS 
estimates, see Figure 2. 

3 ANALYSIS AND RESULTS 

The steps described in Gilder et al. (2022) were 
followed: (1) selection of primary and secondary 
parameters; (2) removal of any bias or cluster from the 
data (i.e. debiasing or declustering); (3) variable 
transformation into a normally distributed variable; (4) 
use the primary variable, estimation of Vs30 using 
Simple Kriging (SK) method; (5) use the secondary 
variable, identifying the likelihood of the distribution; 
(6) map updating using the Bayesian method to present 
the final Kriging map. Based on the methodology 
described in Gilder et al. (2022), the data requires 
debiasing or declustering depending on the data 
availability. Histograms of the measured and 
estimated Vs30 are investigated (Figure 3) to determine 
which option to use. The measured data does not cover 
the higher values of Vs30. Based on Gilder et al. (2022), 
the data was debiased following ‘Option A’ of the 
Gilder et al. framework.
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Figure 2. (left) The location and magnitude of each Vs30 measurement from QUITO/GEO-299 database compared with 

(right) values from USGS for the same location; geology map polygons in the DMQ from Municipio de Quito (2015). 

 
Figure 3. Comparison of the data histogram of the 

measured versus the sampled USGS raster in the same 

modelling area. 

The updated Vs30 map using the Bayesian-Kriging 
model (Figure 4) shows higher accuracy in the Vs30 
estimation compared to the map obtained from USGS 
in Figure 1. This increase in Vs30 accuracy is related to 
the additional information at Vs30 points obtained from 
the QUITO/GEO-299 database. Lower Vs30 
estimations are observed compared to the USGS map. 
This outcome aligns with previous studies that suggest 
the USGS model tends to overestimate Vs30. The 
updated Vs30 map captures differences in the properties 
of the different surface geology layers (including 
unconsolidated materials and soils) as described by 
Othman et al. (2023a) and shown in Figure 4. 

The red region (Qal) in the geological map 
corresponds to lacustrine, fluvial and marsh deposits 

which are usually characterised by lower Vs30 values 
than the adjacent geological layer (Qvi, in purple) 
comprising material from pyroclastic flows, silts, 
lahars and volcanic sands. The Vs30 map in Figure 4 
shows lower Vs30 with respect to the soil categories in 
the seismic code (ERN 2012). 

4 SUMMARY AND CONCLUSIONS 

The Bayesian-Kriging framework developed by 
Gilder et al. (2022) was employed to create a new map 
of Vs30 for Quito, Ecuador. Field measurements of Vs30 
were obtained from QUITO/GEO-299 database 
(Othman et al., 2023b). The resulting new Vs30 map 
aligns more closely with variations in the geology of 
the city – distinguishing between more deformable 
lacustrine soils and stiffer volcanic soils, which are not 
captured by the slope-based map of USGS or the soil 
classification of the latest seismic code (ERN, 2012). 
The new Vs30 map captures the difference between the 
geological formations and variability of this parameter 
within each formation, providing useful additional 
information for advanced soil modelling and for 
guiding future geotechnical investigations in the Quito 
Metropolitan Area.
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Figure 4. (left) Updated Vs30 map using the Bayesian Kriging model compared with (right) the geology of Quito; highlighted 

geological layers from Othman et al (2023a): Qal – in red – ‘Lacustrine, fluvial and marsh deposits with silts and clays, in 

some sectors interspersed with levels of sand and lapillis from the volcanic centres that surround Quito’, Qvi – in purple – 
‘Pyroclastic flows, silts, lahars; at the base of river-lake sequences sometimes very negligible and streams of volcanic sands 

(Cangahua formation)’ (geological descriptions from Table 2 in Othman et al. 2023a). Geology map polygons in both maps 

are from Municipio de Quito (2015). 
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