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1. Abstract
We present a non-parametric, data-driven near-surface velocity model for Southern

California that can be used to populate the basin structures of SCEC CVM-S4.26. The model

is developed as a conditional random field of the residuals relative to SCEC CVM-S4.26

expressed as a Gaussian process (GP). The GP kernel function is a composite of a

stationary and spatially varying kernels to simulate both the average geological-based

trends and site-specific variability. The model was trained on a large set of geotechnical

measurements (both invasive and non-invasive methods), as well as a small set of sonic log

data to constrain the average behavior at large depths.

Results indicate that the kernel function that integrates local and geology-scale information

has optimal predictive ability among the models that only incorporate local or large-scale

kernel functions we tested. By integrating statistical modeling with shallow geophysical

information our model provides a robust, flexible, and interpretable solution for modeling

shallow velocity structures in regions with broad engineering and scientific applications.

2. Data description
The VS profile combines 658 sets of profiles obtained from the web portal shear-wave

velocity profile database (VSPDB) and 33 sets of sonic log profiles provided by Harvard

University.

Figure 1: Locations of the profiles used to develop the model.

The response variable of the model is the residual between the shear-wave velocity

measurements and CVM prediction defined as: 𝜹 = 𝒍𝒏 𝑽𝑺 − 𝒍𝒏(𝑽𝑺
𝒄𝒗𝒎)

Figure 2: Residuals in the total datasets.

3. Model development
We assume:

𝛿~𝐺𝑃(0, 𝑘(𝑋, 𝑋′))

with 𝑋 = [𝑥, 𝑦, 𝑧, 𝑒, 𝑒𝑠, 𝑧2.5], where 𝑥 and 𝑦 are the spatial coordinates, 𝑧 is the depth, 𝑒 is the

elevation, 𝑒𝑠 is the surface elevation, and 𝑧2.5 is the depth where a shear wave velocity of

2.5 𝑘𝑚/sec is reached.

𝑘 𝑥, 𝑥′ = 𝑘1 𝑥, 𝑥′ + 𝑘2 𝑥, 𝑥′

Stationary kernel:

𝑘1 𝑥, 𝑥′ = (𝑘𝑅𝐵𝐹 𝑧2.5, 𝑒𝑠 + 𝑘𝑐𝑜𝑛𝑠𝑡) × 𝑘𝑅𝐵𝐹 𝑧

Spatially varying kernel:

𝑘2 𝑥, 𝑥′ = 𝑘𝑀𝑎𝑡𝑟𝑒𝑛(𝑥, 𝑦) × 𝑘𝑀𝑎𝑡𝑒𝑟𝑛(𝑒)

4. Training
We fitted the GP model using the training set and optimized the marginal

likelihood function to obtain the optimal model hyperparameters.

Figure 3: Loss function and hyper-parameters

Figure 4: Model performance in test datasets.

Extrapolation​ Interpolation​

Combined kernel

Spatially varying

kernel

Stationary kernel

5. Application
We selected six representative geological cross sections within the Los Angeles Basin

as study areas for our model.

Figure 5: Cross sections in LA basin.

Figure 6: Comparison between CVM, GP model and GTL model.

6. Conclusion
This study focuses on the application of GP model in modeling shallow shear wave velocity

in the Los Angeles Basin. We systematically formulated the entire process of data

description, kernel function design, model training, testing verification, and visualization

analysis. The results indicate that the selected model can effectively capture the spatial

variability of shallow geological structures, and the predicted results show good

adaptability and reasonableness in different geological environments.
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