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Introduction

it s ‘A Q:Dorecent years have better results?
Aftershock Oracle

Q x e Experiment Setup:

Machine Learning-Based Aftershock Risk Forecasting for Earthquake Safety ->—&" -= 7« B I EF RIS ERT SR S O e
o S o Testdatafrom 2020-2025, without overlapping training data

Q: What is the ideal split ratio? # AnalysisofReslts:

Earthquakes may just seem to be shocks that make buildings shake, but they
can be deadly. From 2000 to 2019, only 8% of natural disasters were
earthquakes, but they were 58% of total fatalities [1]! | live only a few miles
away from a major active fault, the San Andreas Fault. Living so close to an
active fault made me wonder what happens after a major earthquake. Major

Q: Does larger dataset perform better?
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mainshocks are hard to predict, but aftershocks might be. After a major Model accuracy is not time-dependent to training data Google Sheets, 2026)
earthquake, aftershocks can cause additional damage while people are still - Training Years AUC Precision Recall F1
recovering. It is critical if we can accurately forecast aftershocks. * EX[.)erlment Setup: . W ANE ‘e Pecsion @ hecall W e Experiment Setup: ® AUC @ Precision ® Recall @ F1 1950-1969 0.7349 0.9189 0.5941 0.7456
;;t;;sggg;';t;;;:g;;;gim . S Train 4 datasets of different 0.90 s 0.8827 0.1833 Split training data size from 0.850 13;8:;333 8;;2471 82238 8232421 8;%;2
length, 10/20/50/75 years (o o A= ou 50% to 95% in 5% steps s M'/’\\ 2010-2019 0.7627 0.8763 07232 | 0.7924
e Analysis of Results: 85% is 08w
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e Analysis of Results: More 080 07507
examples => better ranking s
(higher AUC). 0.70
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Mainshock File Features
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Machine Learning Model Questions:
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M7.7 earthquake in Myanmar and Thailand
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Misses complex
nonlinear

(Graph created by finalist using
Google Sheets, 2025)

B AUC W Precisi

[1]https://disasterphilanthropy.org/cdp-resource/earthquakes/
[2]LinkedIn(2022),https://www.linkedin.com/posts/undrr_earthquakes-are-the-most-deadly-type-of-disaster-activity-6
851034509161451520-YHdt/

[3]Reuters(2025),https://www.reuters.com/pictures/pictures-powerful-earthquake-strikes-southeast-asia-2025-03-28/
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“How fast will my model run?”

. . How to select parameters to help model perform? Boosted Often best . R
Located mainshocks ° Magnltude ’“‘"“’"“”ﬁ W “ , ' XGBoost | (boosting: training  accuracy on Needs t.unlng; can (b) Single Event
e Mag>6 e Latitude = - \ 5 (g A e f one at a time) tabular data overfit if careless Probability Forecast
e Experiment Setup: -~ th £ e Maxwithin 30 days . e Longitude = 4 > p (a) Comparison of Models (Graph and Table created by finalist using Google Sheets, 2025)
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o Organize and classify data

Identify the aftershocks Labels
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o Plot mainshocks over a : | : B Fisquency' @ Meonitide: @ Location Frequenc.y: Fastest because didn’t use
world map Mainshocks Extracted from USGS Data * Mag>2.5 Magnitude of Aftershock 20x30 grid
. . ted fr o Within 30 davs e Magnitude of Aftershocks . . :
® AnaIyS|s of Results: (Graph created by finalist using Pycharm, 2025) e 50miles fron:/mainshock e Number of Aftershocks AfterShOCk ForecaStl ng QUQSthnS. § e Magnitude: Varied because it
Recorded earthquakes happen along the boundary of tectonic plates, . e Location of Aftershocks What do people care about after earthquakes occur? 5 processed quake history based on

matching my expectation. — ’
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T constantly calculated probabilities for
Gaussian distribution of 1000 runs each grid cell.
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Spatial Distribution Temporal Frequency

“How intense will aftershocks be?”

“Which areas are at the highest risk?” “How often will aftershocks occur?”

Forecast Likely Locations of Aftershocks Forecast Largest Magnitude Over Whole Area Synthetic Catalog: Human-generated earthquake data! Forecasting Methods Background Research
® New Feature: Distance to nearest majOr fault e Label: the magnitude of the maximum aftershock on the Nth day. QUEStiOnS AnSWGI'S Phvsi B d
: sics-Based:
: : : : : : Allows users to simulate longer years of data and y
e Label: Generate a 100 x 100 mile box around the epicenter of the * CasJe Stlu?flgocgr;e Mé.2 earthquake occurred 128 km south of Vilyuchinsk, Russia, i b Uman-errors of inaccurate data in real e Uses physical principles like stress change and fault friction
earthquake and split it into a 50x50 grid, meaning each grid cell onJan 23, 5.00 Purpose . . : e Forlong-term forecasting.
. ’* pum historical catalogs, such as USGS. | used a synthetic
represents an area of 2x2 square miles. 2 : - .y _
2 4 catalog to find foundational empirical laws for prediction. Statistical (Current Research method):
e Case Study: Dec 5, 2024, M7.0 Cape Mendocino Earthquake C (Graphs created Computer generates it by algorithms (Statistical e Analyzes past seismicity patterns
| compared the forecasted probability heatmap with the recorded g 4% by finalist using Creation Models) or real-world simulations (Physics-Based e For quick, testable short-term predictions
. . o Largest Recorded S Pycharm, 2026) Models)
historical data. Findings are shown below. Aftershock 5 425 omori’s.LaW ranuency over T and tha Foundational Seismological Laws
o The fault awareness (b) is clearly visible in actual historical data (a) as Which Laws? , . y , T 5 :
well as my forecasted data (c). The new feature added took an effect! 4.000 TRy ] Gutenberg-Richter Law (magnitude distribution). e Omori’s Law: States that aftershock rates decay over time.
o Locations along the fault and close to the epicenter have a higher o s glyznet(f:];;]cyCatalog 2000 mainshocks, each with up to 300 aftershocks. ° thjtf.nberhg.-R.lchter lfaW: Defines the magnitude vs frequency
chance of aftershocks than other areas, similar to what | expected. Forecasted Magnitude vs Time relationshipin aregion.
o The forecasted aftershock location pattern is very close to the actual Forecast Largest Magnitude Distribution Forecast Total Number of Aftershocks Over Time Major Model Families
one. Only showing the hlgh-prc.>bz.;\blllty locations helps .the e New Feature: Distance to nearest major fault ETAS: Provides time and space based prospects for later events.
forecasted result seem more similar to the actual locations. , , Historical Catalog Data Synthetic Catalog Data Machine Learning: Automates forecasting by learning from data rather
o There tificial effect b inthe heat tor all e Label: The magnitude of the maximum aftershock on the Nth day calculated . .
are some artificial effects can be seen in the heatmap for a o rately i ol SOKEO eride $ $ than manual rules. My model is this category!
probab! I !tles. These effects can be removed by limiting the range of P y ST, Train Model A: Train ModelB: Hybrid (ETAS + ML): Uses ETAS as a structural base while ML identifies
probability to be shown. ® Case Study : A prominent earthquake in California History, on July 21, 1952, the Forecast total aftershock Learn tempo.ral distribution complex residual patterns.
A e vent: 994878 (M7.0) 14 M7.5 earthquake occurred 23 miles south of Bakersfield, California. InjSOdays patternin 30 days
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§ e Both magnitude range and hotspots match! — Output B: C() nC| usion + Futu re WO rk
10 % y McFarland | = < g "”Qj?zk? Total aftershocl;(Ntom) ANENZAL normalizgd patterns
; g = N J.Wasco LU ek |s57£% (values from 0-1) in 30 days In this project, | proved XGBoost was the best for training aftershock forecasts.
: B 2 | O P i e optimized parameters, | was able to achieve 85% .l applied the
: “ \ L YL 2 ¥ With the optimized ters, | was able to achieve 85% AUC. | applied th
. 5 i FauT{ ’ i, \ ._ (IrTJajsgir?; g;iit:rdmbé T(')l;&él)lst e Scale Total Count(Neu) to time-based Frequency trained model to generate the timing pattern of the largest aftershock and
4 gc“%_y z g ' o e e sl ey Tereimenis) multiple heatmaps. | also conducted multiple case studies based on real world
2 “ ”% 8 . earthquakes to show the strong correlation between real-world data and
o 0 0 w0 % 40 § ° Case. Study: 2024 Cape Mendocino Quzi\ke ) forecasted probability, time, magnitude, and location. By changing complex
(a) Actual Aftershocks 0 (b) Fault Map A 5 The time-based aftershock frequency for ecastmg.; curve (b) follows Omc?r I's I.aw seismic data into accessible heatmaps and forecasts, my project provides a
: i2b and matches the aftershock frequency over time from the actual historical resource for emergency responders to prioritize high-risk zones and save lives
s g 7 catalog (a) very well. during the 30-day window following a major earthquake.
) . 5% . E - 0 To improve my project in future work, | will consider the following things:
5 = g o - _ 100 100
; \ 0 2 & S 50 5 oo et e e Quantify uncertainty to my project to show confidence ratings
g (Graphs and chart 2 60 e e i e Analyze which features affect the results the most
: S 1 s, | created by finalist 2 2 e Incorporate ETAS into my XGBoost model
i LT using Pycharm, g g 40 _ . .
| g O 2026) = o < e Add the actual forecasting backend for users to input data and view results
Probability >=0.3 20
) r e S stance WeskEast (il . >0 & i . - 0 | hope my work can help others and be applied in real-life scenarios. This project
Distance West/East (Miles) ) 0 5 10 15 . .
(c) Forecasted Aftershock Heatmap (a) Contour diagram of magnitude DaysIAﬂer Mams:ck ) really he.I ped me und.erstand that technology can make a difference in
distribution aftershocks within 30 days (a) Actual Aftershocks (b) Model Forecast forecasting natural disasters.
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