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ABSTRACT 
The observed increase in seismicity in Texas, Oklahoma, and Kansas during the last ~5 years, has made the shear wave 
velocity characterization of these states increasingly pertinent. Due to the lack of in-situ shear wave velocity 
measurements, the P-wave seismogram method is used to develop estimates of the time averaged shear wave velocity 
of the upper 30 meters (VS30) at several seismic station locations in Texas, Oklahoma, and Kansas. Overall, VS30 values 
are estimated at 251 sites using approximately 2,900 recordings.  Based on the obtained VS30 estimates, a preliminary 
VS30 map of Texas, Oklahoma, and Kansas is developed. The computed estimates are compared with VS30 proxy values 
developed by the Next Generation Attenuation – East (NGA-East) project, as well as with a limited number of in-situ 
measurements. The P-wave seismogram method generally produces higher VS30 values than those assigned to the sites 
by the NGA-East project, particularly for older rock formations (i.e., Paleozoic). The computed VS30 P-Wave Seismogram 
estimates agree well with the mapped geology and with the limited measurements across the study area. 
 
 
 
1 INTRODUCTION 
 
It is generally acknowledged that between 1980 and 2010 
the seismicity rates in the Central and Eastern United 
States (CEUS) had been relatively stable. Nonetheless, 
recent rates in some areas (i.e., North 
Texas/Oklahoma/South Kansas) have increased by more 
than an order of magnitude (Petersen et al., 2016). This 
increase in seismicity has made the development of 
reliable estimates of ground motions that may be produced 
by future earthquakes increasingly pertinent. Such ground 
motion predictions require a detailed and accurate 
modeling of earthquake source and attenuation 
characteristics, as well as near-surface geologic 
conditions. In this context, the time-averaged shear wave 
velocity of the upper 30 m (i.e., VS30) is an important 
measure of the physical properties of the near-surface 
geologic conditions and is used in the evaluation of ground 
motion amplification. Today, most Ground Motion 
Prediction Equations (GMPEs) (e.g., Abrahamson et al., 
2014; Boore et al., 2014) use VS30 as a parameter to help 
quantify site amplification. 

Due to the lack of existing in-situ measurements of 
shear wave velocity profiles at many recording stations in 
the CEUS, VS30 proxy methods have been used to estimate 
VS30 values at most of the recording sites used in the 
development of GMPEs for the CEUS.  Proxy methods 
relate VS30 to parameters such as surface geology, 
topographic slope, or terrain.  These proxy methods have 
been developed predominantly for active crustal regions, 
such as Wills and Clahan (2006) for geology, Wald and 
Allen (2007) for topographic slope, and Yong et al. (2012) 
for terrain.  For CEUS, Kottke et al. (2012) developed 
geology-based VS30 proxy relationships by dividing the 
geologic conditions into 19 categories based on factors 
such as glaciation, the presence of residual soils, geologic 
age and depositional environment. Parker et al. (2017) 

revised the work of Kottke et al. (2012) to develop a hybrid 
geology-slope proxy method for CEUS based on statistical 
analysis of 2,754 sites with measured VS30 values. The 
sites were grouped by attributes including geologic age, 
lithology, glaciation history and location relative to known 
basins, and the relationship between VS30 and 30 arc-
second slope gradients was also taken into account for 
some groups. This work was done as part of the Next 
Generation Attenuation - East (NGA-East) project 
(http://peer.berkeley.edu/ngaeast/). 

The aforementioned proxy methodologies are mostly 
based on relationships purely derived from statistical 
analysis, and do not involve any physics-based derivation. 
An alternative to these proxy methods is the P-wave 
seismogram method (Ni et al. 2014, Kim et al., 2016), 
which estimates VS30 from the recorded ground motions at 
a site using the fundamentals of wave propagation. Kim et 
al. (2016) showed that the P-wave seismogram method 
predicts VS30 with less bias and less variability than the 
various proxy methods.  As a result, we choose to apply 
the P-wave seismogram method to estimate VS30 for 
seismic stations located in the states of Texas, Oklahoma, 
and Kansas.  These VS30 estimates are compared with 
those predicted by the Parker et al. (2017) hybrid geology-
slope proxy method for CEUS, as well as with a limited 
number of in-situ measurements across the study area. 
 
 
2 APPLICATION OF P-WAVE SEISMOGRAM 

METHOD 
 
The P-Wave Seismogram method is based on the fact that 
propagating seismic waves tend to be refracted to a more 
vertical position as they travel through softer material 
typically encountered close to the ground surface. P 
waves, which travel at larger propagation velocities, arrive 
at the ground surface before any other seismic waves and 
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the details of their arrival can be more easily observed in 
seismograms. When the surficial layers consist of soft soil 
layers, the incident P waves arrive at the ground surface at 
a small incident angle (i.e., refracted to a more vertical 
orientation), and therefore the vertical component of the 
particle velocity is larger than the radial component. On the 
contrary, when the surficial layers consist of stiffer 
formations, the incident P waves arrive at the ground 
surface at a larger incident angle, and thus the vertical and 
radial components of the particle velocity have similar 
amplitudes. Using analytical expressions for the radial and 
vertical displacement at the free surface from a single, 
incident P-wave (Aki and Richards, 2002), the ratio of 
radial-to-vertical particle velocities, obtained from recorded 
seismograms, can be used to estimate the shear wave 
velocity (VS) at a site. More details on the theoretical 
framework and implementation of the method can be found 
in Ni et al. (2014), Kim et al. (2016) and Zalachoris et al. 
(2017). 

The estimated VS value based on the P-Wave 
Seismogram method is representative of the time-
averaged shear wave velocity of the upper z meters (VSZ). 
Kim et al. (2016) assumed that the depth z is estimated as 
the product of the pulse duration of the source time function 
and the estimated shear wave velocity (z=τp∙VSZ), an 

expression which is equivalent to the wavelength of the S-
wave. The authors recommended a value of τp equal to 
0.1s, which they considered appropriate for small 
magnitude earthquakes (M=3-4). The final step of the P-
wave seismogram method is the conversion of VSZ to VS30. 
Kim et al. (2016) used 821 published shear wave velocity 
profiles measured in the CEUS to develop regression 
relationships between VSZ and VS30. Regression was 
performed separately for glaciated and non-glaciated 
regions. 

To obtain a substantial number of earthquake ground 
motions to be used for the development of VS30 estimates 
at seismic stations in Texas, Oklahoma, and Kansas, a 
catalog of earthquake events with epicenters located in the 
region was created. For that purpose the comprehensive 
database accessed via the website of the Incorporated 
Research Institutions for Seismology, IRIS 
(https://www.iris.edu/hq/) was utilized. Accordingly, 
earthquake events occurring after 01/2005 and with 
magnitudes greater than 3.0, were selected. The more than 
400 seismic recording stations operational in Texas, 
Oklahoma, and Kansas at some time between 2005 and 
2015 are shown in Figure 1.  A substantial effort was made 
to apply the P-wave seismogram method to all the seismic 
stations illustrated in Figure 1. Due to the large epicentral 
distances and the associated weak signals and/or the 
increased noise levels at many of the seismic stations, the 
P-wave seismogram was successfully implemented at only 
251 of the more than 400 available seismic stations. 

Ground motion data recorded at the 251 stations were 
retrieved from IRIS. All collected time series were 
processed in a uniform manner. The downloaded 
recordings were instrument corrected (i.e., instrument 
response was removed), the mean was removed (DC 
removal) and linear detrending was performed. The 
records were examined for obvious irregularities (i.e., 
clipping, distortion, apparent high noise) on an individual  

 
Figure 1. Locations of seismic recording stations in Texas, 
Oklahoma, and Kansas between 2005 and 2015. 
 
 
basis. Any records with Signal-to-Noise Ratio (SNR) 
persistently less than 3 within the bandwidth of the 
recording instrument were rejected. Finally, 3-component 
velocity time series were obtained for each record.  A total 
of 2,871 processed recordings were used to estimate VS30 
at 251 seismic stations. 

Once the appropriate velocity time series were 
identified, the P-wave seismogram method was applied, as 
described above. Consequently, VSZ values were 
estimated for the aforementioned 251 seismic stations 
(Figure 1). Figure 2 shows the box plots of the computed 
VSZ values for a subset of the seismic stations considered 
in this study.  These stations were selected to demonstrate 
the range of results obtained at the 251 sites.  The median 
VSZ values for the stations in Figure 2 range from less than 
100 m/s for GS.OK035 to more than 2,500 m/s for 
US.WMOK, and the variability in the VSZ estimates from 
different records at the same station vary from site to site. 
Some stations have a substantial number of VSZ estimates 
(i.e., 111 estimates for TA.U32A), while others have only a 
couple of VSZ estimates. Overall, 36% of the seismic 
stations analyzed have at least 5 VSZ estimates, while 26% 
have only one VSZ estimate.  
 
 
3 VS30 MAP OF TEXAS, OKLAHOMA AND KANSAS 
 
Using the regression parameters developed by Kim et al. 
(2016) for the conversion of VSZ to VS30, we developed P-
wave seismogram VS30 estimates for the aforementioned 
251 seismic stations in Texas, Oklahoma, and Kansas. 
Figure 3 presents maps of the seismic stations, color-
coded based on the corresponding median values of VSZ 
(Figure 3a) and VS30 (Figure 3b). The computed VS values 

P-Wave Seismogram not successful 

P-Wave Seismogram successful
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Figure 2. Computed VSZ values for a subset of seismic stations considered in this study. Number in parenthesis next to 
the station code refers to the number of estimates. Minimum and maximum values of VSZ are depicted in single line 
bars/whiskers, the 25th and 75th percentiles are depicted as the box edges, the median value is shown in single points, 
while outliers are shown in asterisks. 
 
 
were categorized in 5 bins; VS ≤ 200 m/s, 200 m/s < VS ≤ 
400 m/s, 400 m/s < VS ≤ 760 m/s, 760 m/s < VS ≤ 1500 m/s, 
and VS > 1500 m/s. The smallest median VS30 value in 
Texas, Oklahoma, and Kansas was estimated based on 10 
recordings at GS.OK035 in western Oklahoma (VS30 = 123 
m/s), while the largest median VS30 was computed based 
on 9 ground motions recorded at TA.V37A in southeastern 
Kansas (VS30 = 1,706 m/s). 

Based on the median VS30 estimates at the 251 seismic 
stations (Figure 3b), a continuous map of interpolated VS30 
values in Texas, Oklahoma, and Kansas was developed 
(Figure 4a). For that purpose, inverse distance weighting 
(IDW) interpolation based on 3 neighboring points was 
adopted. It is important to note that the interpolated VS30 
values shown in Figure 4a do not capture local variations 
in geology and subsurface conditions, because the spacing 
of the seismic stations at which VS30 was estimated is 
relatively large (i.e., ~70 km across much of the study 
area). This issue is even more relevant in the Basin and 
Range region in far west Texas, where the spacing 
between VS30 estimates is 200 to 300 km.  Nonetheless, 
the map in Figure 4a still provides a useful visualization of 
the VS30 distribution across the study area.  

To associate the computed VS30 estimates with the 
geologic conditions at the locations of the considered 
seismic stations, we used digital state-wide geologic maps 
compiled by the United States Geological Survey (USGS) 
Division of Mineral Resources, as shown in Figure 4b. 

The computed VS30 values are smaller (i.e., < 400 m/s) 
along the Gulf Coast and within the Dallas Fort-Worth 
(DFW) area, and near the Panhandle region of western 
Oklahoma.  The Gulf Coast is characterized by a broad 
plain of Quaternary and Tertiary unconsolidated material 
(alluvium, terrace/clay/silt/sand deposits) and the stations 
in the DFW area are located mostly on Holocene alluvium 
deposited by the Trinity River; these geologic descriptions 
are consistent with the estimated VS30 values.  On the 
contrary, the VS30 values are larger (i.e., > 760 m/s) within 
the Llano Uplift and North-Central Plains in Texas, the 
Wichita and Arbuckle Mountains in southern Oklahoma, 
and the Ozark Plateau in eastern Oklahoma and 
southeastern Kansas.  These areas are characterized by 
Precambrian and Paleozoic igneous and metamorphic 
rocks (Llano Uplift in Central Texas and Wichita and 
Arbuckle mountains in south-central Oklahoma), Paleozoic 
chert/limestone formations (Ozark Plateau), Paleozoic 
shales/siltstones/sandstones (North Central Plains), and 
Paleozoic shale/limestone units (eastern Kansas).   

The Permian Basin of Texas, the Panhandle regions of 
Texas and Oklahoma, and the west Kansas region are part 
of the Great Plains and consist predominantly of 
Quaternary windblown sand/silts (e.g., Blackwater Draw 
Formation) with some alluvium.  Figure 4a shows that the 
VS30 values in these areas are consistently larger than 400 
m/s, with some locations larger than 760 m/s and a couple 
of locations less than 200 m/s.  Such variability might be 
explained by the fact that the thickness of the surficial wind- 



 

 

 
Figure 3. Distribution of VS30 across Texas, Oklahoma, and Kansas: (a) color-coded stations based on median VSZ 
estimates, (b) color-coded stations based on median VS30 estimates. 
 
 

 
Figure 4. Maps of Texas, Oklahoma and Kansas: (a) VS30 estimates based on P-wave seismogram, and (b) surficial 
geology maps from USGS Division of Mineral Resources. 
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blown and alluvial deposits in some places is much less 
than 30 m, and in these locations the P-wave seismogram 
VS30 estimates would reflect the characteristics of both the 
relatively thin surficial sediments and the underlying stiffer 
formations. 
 
 
4 COMPARISON WITH NGA-EAST VS30 ESTIMATES 
 
As mentioned earlier, Parker et al. (2017) developed a 
hybrid slope-geology based proxy method for the CEUS 
and this method was used to assign VS30 values to 1,378 
seismic stations in the CEUS (Goulet et al., 2014). 182 of 
these stations correspond with stations analyzed by the P-
wave seismogram method in this study. 

Figure 5 compares the P-wave seismogram VS30 
estimates of the present study with those from Parker et al. 
(2017) for NGA-East for the 182 stations common in the 
datasets.  For 37% of the seismic stations the VS30 
estimates from the hybrid slope-geology proxy method and 
the P-wave seismogram method are within ±25% of each 
other.  The estimates from the P-wave seismogram method 
are more than 25% smaller than the NGA-East estimates 
for 15% of the stations (these are predominantly Mesozoic 
sites), and they are more than 25% larger than the NGA-
East estimates for 48% of the stations (these are 
predominantly with Quaternary, Tertiary, and Paleozoic 
sites). 

For stations located on Paleozoic units (i.e., Llano 
Uplift, North-Central Plains, Wichita and Arbuckle 
mountains, Ozark Plateau) the NGA-East proxy assigns a 
constant VS30 of 684 m/s to each site, while the P-wave 
seismogram method provides a range of estimates that 
extend to much larger values. These differences with the 
NGA-East proxy values are possibly due to the Paleozoic 
VS measurements in the NGA-East database representing 
weathered Paleozoic sites that are different than those in 
the study area of Texas, Oklahoma, and Kansas.  Parker 
et al. (2017) recognized the limitations of their hybrid slope-
geology proxy for Paleozoic formations based on the large 
variability in the measured VS30 values for this unit. 

The other condition for which the P-wave seismogram 
estimates of VS30 are larger is for the stations located on 
Quaternary and Tertiary units.  Here the NGA-East proxy 
method assigns VS30 between 200 and 400 m/s, and the P-
wave seismogram method estimates larger VS30 values, 
possibly due to the relatively small thickness of the younger 
sediments in parts of the study area.  This observation is 
particularly relevant for the Quaternary and Tertiary sand 
deposits in the Permian Basin and Panhandle regions in 
Texas (e.g., Blackwater Draw Formation and windblown 
sands), and the Quaternary eolian silts and alluvium 
deposits in western Kansas. 
 
 
5 COMPARISON WITH IN-SITU MEASUREMENTS 
 
In addition to a comparison with NGA-East proxies, the P-
wave seismogram results are compared with a limited 
number of measured VS30 values obtained from the NGA-
East database (Goulet et al., 2014), as well as from recent 

 

 
Figure 5. Comparison of VS30 estimates based on NGA-
East (Parker et al., 2016) and P-wave Seismogram method 
(this study); one-to-one line and range of ±25% is depicted. 
 
 
in-situ measurements at seismic station locations in the 
Dallas Fort-Worth area.  

From a total of 2,754 in-situ VS measurement locations 
in the CEUS in the NGA-East database, 78 lie within 
Texas, Oklahoma, and Kansas. The vast majority of these 
measurements were performed along the Texas Gulf 
Coast, while a small number were performed in Oklahoma. 
All in-situ shear wave velocity measurements in the NGA-
East database for our study area were performed at 
locations different than the seismic stations considered in 
this study, with the exception of the VS measurement at the 
Wichita Mountains in Oklahoma, which was performed at 
the site of the US.WMOK station. Figure 6 presents two 
zoomed-in maps of the measured and estimated VS30 
values in Texas Gulf Coast and Oklahoma. The measured 
VS30 values (points shown as circles) are color-coded using 
the same VS30 bins as the VS30 P-wave seismogram 
estimates (points shown as triangles). 

From Figure 6, it can be observed that the measured 
VS30 values follow the general pattern already observed in 
the case of VS30 P-wave estimates (Figure 4a). More 
specifically, along the Texas Gulf Coast, all VS30 
measurements are smaller than 400 m/s, with many of 
those closer to the coast having values smaller than 200 
m/s. Similarly, the estimated VS30 values from the P-wave 
seismogram method at sites closer to the coast also have 
values smaller than 400 m/s, while the site closest to the 
coast (TA.737A) is associated with VS30 = 198 m/s. 
Exceptions to these observations are the IU.HKT station, 
located north-west of Houston, with an estimated, based 
only on one seismogram, VS30 = 517 m/s  and the TA.035A 
station, located at the most southern part of Texas, with 
VS30 just slightly above 400 m/s (411 m/s). Similarly, in 
Oklahoma, the measured VS30 values also follow the spatial 
variation observed by the VS30 P-wave estimates. The VS30  
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Figure 6. Spatial comparison of measured and estimated median VS30 values. (a) The Texas Gulf Coast, and (b) the 
Wichita Mountains and Oklahoma City area 
 
 
measurements north-east of Oklahoma City display values 
between 400 m/s and 760 m/s, with the exception of a 
single measurement of VS30 = 304 m/s. Finally, the shear 
wave velocity measurement at the seismic station located 
in the Wichita Mountains (US.WMOK) is VS30 = 1,963 m/s, 
while the P-wave seismogram method estimated a value of 
VS30 = 1,663 m/s. It is worthwhile to note that the NGA-East 
(Parker et al., 2017) VS30 proxy value for US.WMOK is 684 
m/s. The difference of 18% between the measured and P-
wave estimated VS30 values would possibly be lower if the 
conversion of VSZ to VS30 was based on regional data rather 
than data from the entire CEUS. 

The P-Wave seismogram estimates also are compared 
with a series of in-situ VS measurements recently 
performed at seismic station locations in the Dallas Fort-
Worth area by the University of Texas at Austin using a 
combination of linear array active-source and 2D array 
ambient-wavefield surface wave testing. These seismic 
station locations coincide with locations where P-Wave 
Seismogram estimates were developed within the 
framework of this study. At this point, inversion of the 
Rayleigh wave dispersion data into VS profiles has not 
been completed. Nonetheless, the in-situ VS30 values can 
be approximated from the Rayleigh wave phase velocity at 
a 40 m wavelength (VR40) using VS30 ~ 1.045 · VR40 (Brown 
et al., 2000). The VS30 values computed from the in-situ 
surface wave measurements in the DFW area are shown 
in Table 1, along with the corresponding P-Wave VS30 
estimates and the NGA-East hybrid slope-geology VS30 
proxies (Parker et al., 2017). 

Figure 7 shows the comparison between the VS30 
values obtained from surface wave measurements and the 
estimated VS30 values at the seismic station locations in the 
DFW area (Table 1), as well as at the US.WMOK station. 
Figure 7a illustrates the comparison for the P-Wave 
Seismogram method, while Figure 7b presents the 
comparison for the NGA-East hybrid slope-geology proxy 
method. Based on Figure 7, it can be readily seen that the 
P-Wave seismogram VS30 values provide a relatively good 

estimate of the VS30 values obtained from in-situ surface 
wave measurements. There is no systematic under or 
over-prediction of the estimated VS30 values by the P-Wave 
Seismogram method as compared with the 
measurements. The NGA-East hybrid slope-geology 
method (Parker et al., 2017) compares less favorably with 
the VS30 values obtained from surface wave 
measurements. For example, the NGA-East proxy method 
provides larger VS30 values (i.e., VS30 = 822 m/s) than those 
from the in-situ measurements at sites on Mesozoic-
Cretaceous geologic units. Nonetheless, it must be noted 
that the NGA-East proxy method has been developed 
using VS30 data from the entire CEUS, and thus it may not 
be able to capture local details in surficial geology in 
specific regions. 
 
 
6 CONCLUSIONS 
 
Estimates of VS30 at 251 seismic stations in Texas, 
Oklahoma, and Kansas were developed using the P-wave 
seismogram method. A total of 2,871 ground motion 
recordings were utilized. Based on the results, a 
preliminary VS30 map of the study area was created. The 
geologic conditions at the locations of each site were 
documented using large scale geologic maps retrieved 
from the USGS. The results were compared against the 
hybrid slope-geology proxy VS30 values developed by 
Parker et al. (2017) for NGA-East, as well as against a 
limited number of VS30 values obtained from in-situ shear 
wave velocity measurements. 

The developed VS30 proxies roughly correspond to the 
generalized geologic features encountered across the 
study area (Figure 4). The P-wave seismogram method 
results in relatively small VS30 values (i.e., VS30 < 400 m/s) 
at sites located on unconsolidated material (alluvium, 
terrace/clay/silt/sand deposits) within the Gulf Coast, north 
Panhandle, areas in western Oklahoma, and south-
western Kansas. Larger VS30 values (i.e., VS30 > 760 m/s) 
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Figure 7. Comparison of estimated VS30 values and VS30 values obtained from in-situ measurements at select seismic 
stations in Texas: (a) P-Wave Seismogram method, and (b) NGA-East hybrid slope-geology proxy method (Parker et al., 
2017) 
 
 
are computed at stations located on granitic rocks (Llano 
Uplift, Wichita and Arbuckle mountains), chert/limestone 
formations (Ozark Plateau, and East Kansas), and 
shales/siltstones/sandstones (North-Central Plains, and 
East Kansas).  

Compared with the VS30 values assigned to the stations 
by the NGA-East hybrid slope-geology proxy technique 
(Parker et al. 2017), the P-wave seismogram method 
generally estimates larger VS30 values, except for stations 
on Mesozoic geology.  Almost 50% of the sites have P-
wave seismogram VS30 values more than 25% larger than 
the NGA-East assigned values.  These differences are 

likely due to differences in the characteristics of the 
geologic units (e.g., thickness) in the study area relative to 
the characteristics of the sites in the VS30 database of 
Parker et al. (2017).  Only 78 of the 2,754 in situ VS 
measurements in Parker et al. (2017) were located in the 
study area of Texas, Oklahoma, and Kansas. 

The measured VS30 values along the Texas Gulf Coast 
and in Oklahoma follow the general pattern seen in the VS30 
P-wave estimates (Figure 6). Additionally, when compared 
with in-situ VS30 values derived from surface wave 
measurements at seismic station locations in the Dallas  

 
 
 
Table 1. VS30 values at seismic station locations in the Dallas Fort Worth area obtained from P-Wave Seismogram, NGA-

East proxy method, and surface wave measurements 

Network Station 
Latitude 
(deg.) 

Longitude 
(deg.) 

Number of 
P-Wave 

Estimates 

P-Wave 
Seismogram 

VS30 (m/s) 

Surface 
Wave VS30 

(m/s) 

NGA-East 
VS30 (m/s) 

TA 135A 32.5573 -97.4099 1 389 622 822 

TA 136A 32.4746 -96.5297 2 481 470 822 

ZW AFDA 32.8226 -97.0484 3 212 256 822 

ZW AZDA 32.9728 -97.5553 2 271 387 822 

ZW AZE2 32.9494 -97.6152 1 633 491 822 

ZW AZFC 32.8531 -97.7286 1 579 418 822 

ZW AZWP 32.7795 -97.6600 2 526 982 822 

ZW EML1 32.8735 -97.4603 6 404 502 296 

ZW IFBF 32.9237 -96.9135 1 270 387 210 

ZW IFDF 32.7756 -96.9044 1 247 340 210 

ZW IFS3 32.8312 -96.9211 2 341 308 822 

ZW ILCC 32.8610 -96.9472 2 353 397 822 

ZW IPD1 32.8890 -96.9333 4 210 392 210 

ZW ITL1 32.8489 -96.8990 3 265 366 210 

ZW ITSC 32.8903 -96.8498 4 260 355 822 
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Fort-Worth area, as well as at the US.WMOK station, the 
P-wave seismogram method provides better VS30 
estimates than the NGA-East proxy method (Figure 7). 

The present study involves only a preliminary 
investigation of the distribution of VS30 values in Texas, 
Oklahoma, and Kansas. As more earthquake recordings 
become available, the dataset can be expanded resulting 
in more robust, reliable VS30 estimates. Moreover, an 
enhancement of the database of measured VS profiles in 
different areas and geologic units, ideally at locations of 
seismic stations within Texas, Oklahoma, and Kansas, is 
more pertinent than ever. Using newly acquired VS 
measurements, the conversion of VSZ to VS30 can be based 
solely on regional data, and the performance and variability 
of the P-wave seismogram method can be assessed more 
thoroughly. 
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