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Four-Act Story of Open Science

1. Cutter et al (2003) Social 
Vulnerability Index: SoVI

2. Spielman et al (2020) 
Replication: 21 different 
geographic extents

3. Reproduce Spielman et al

4. Replicate over time



1: Cutter et al (2003) SoVI



What is the Social Vulnerability Index (SoVI)?

● Cutter, S. L., Boruff, B. J., & Shirley, W. L. (2003). Social vulnerability to 
environmental hazards. Social Science Quarterly, 84(2), 242–261. 
https://doi.org/10.1111/1540-6237.8402002 

● Geographic measure of social susceptibility to harm

● Widely applied to hazards and climate change planning/policy

● 7,597 Google Scholar citations on 4/12/2024

https://doi.org/10.1111/1540-6237.8402002


SoVI Construction
Unweighted Combination

Select components
Invert direction to match 
expected vulnerability
Unweighted addition or 
average
Z-score normalization

28+ Census Variables by County

Z-score normalization
42 variables in first version

Dimensionality Reduction

Principal Component Analysis 
with Varimax rotation



2: Spielman et al (2020) Replication



Spielman et. al Replication

● If the study extent varies…

● Is SoVI internally consistent?

○ Vulnerability ranking for places is inconsistent

● Is SoVI theoretically consistent?

○ Direction and contribution of variables is 
inconsistent

● GitHub repository with data and python code



3: Reproduction and Reanalysis of 
Spielman et. al



Reproduction and Reanalysis Purpose

● Can we reproduce Spielman et. al. to confirm 
their results?

● Reproducible research compendium



Internal Consistency

California FEMA #9 U.S.A.



Internal Consistency



Theoretical Consistency

● Identical results

● Only four variables load consistently positive

● On average, the 28 variables:

○ Change direction 5.4 times

○ Range of ranks is 23.7



Reproduction Findings & Outcomes

● Reproduction is not trivial

○ Outdated packages

○ Extraneous data and code

○ File organization

○ Code for figures

● Reproducible research compendium

○ https://osf.io/dzpe9/ 

● Identically reproduced output data

● Subtle differences in results

● Confirm findings

○ internal inconsistency

○ theoretical inconsistency

https://osf.io/dzpe9/


4: Replication of Spielman et al 
over time



Replication Data & Methods

● Temporal support

○ 5-year ACS Estimates

○ 10 years: 2012 - 2021

● Geographic support

○ USA counties

● Internal consistency: do places exhibit linear trends in SoVI over time?

● Theoretical consistency: do variables contribute similarly to SoVI over time?



County SoVI Change over Time



County SoVI Change over Time



Changes in counties with high error



Theoretical Consistency

● Many variables relatively 
constant, especially between 
decennial censuses

● Substantial changes in 
direction and rank

● Not consistent over 10-year 
period



Conclusions

● Reproduction & replication studies assess the consistency of prior research

● Open science reduces barriers to validating and extending prior research

● Confirmed Spielman et al’s finding of internal and theoretical inconsistency 
in SoVI over geographic extent

● Extended methods and findings to temporal extent

● Question application of SoVI to monitor change in social vulnerability over 
space and time
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