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Supplementary Methods
Alcohol and cigarette use, assessed in the CDDR, at baseline were included as predictors of subsequent initiation of cannabis use. On a binary scale, youth were coded as either user or non-user on these two substances. Academic performance was assessed based on self-reported grade point average on a 4.0 scale. Youth also indicated their career on a single item in which participants were asked to select their long-term plans (i.e., “Go to college,” “Go to college and then go to graduate school,” and “Other”). 
Sleep health (i.e., daytime sleepiness and circadian pattern) was assessed with the Sleep Habits Questionnaire (SHQ), adapted from Buysse et al. (1989), Smith et al. (1989), and Wolfson & Carskadon (1998). The Youth Self Report (YSR, <18 years old; Achenbach 1991; Achenbach and Rescorla 2003) and Adult Self Report (ASR, age 18 or older; Achenbach and Rescorla 2003) assessed youth mental health symptomology, yielding  Internalizing and  Externalizing scores. Big-Five personality dimensions were assessed with the brief Ten Item Personality Inventory (Gosling, Rentfrow, and Swann 2003); composite scores were derived by calculating the mean score of items comprising Agreeableness, Conscientiousness, Emotional Stability, Extraversion, and Openness to Experiences. Impulsivity traits were assessed with the 20-item Urgency-Premeditation-Perseverance-Sensation Seeking-Positive Urgency (UPPS-P) Impulsive Behavior Scale (Cyders et al. 2007; Lynam et al. 2006); composite scores examining facets of impulsivity were derived by calculating the mean score of items comprising Negative Urgency, Lack of Premeditation, Lack of Perseverance, Positive Urgency, and Sensation Seeking.
Self-appraisal of executive functioning was assessed using the 80-item Behavior Rating Inventory of Executive Function – Self-Report Version (BRIEF-SR) (Gioia et al. 2002). Scores were derived for one summary score (Global Executive Composite), two global composite indices (Behavioral Regulation Index and Metacognition Index), and eight subscales: Inhibitory Control, Flexibility, Emotional Control, Monitoring, Working Memory, Planning, Organization, and Task-Completion. Coping strategies in response to stress were assessed using the 23-item Response to Stress Questionnaire (RSQ; Connor-Smith et al. 2000); composite scores covered seven types of responses: Problem Solving, Emotion Expression, Acceptance Score, Positive Thinking, Emotion Regulation, Cognitive Restructuring, and Distraction. 
Neuropsychological functioning was assessed with the Penn Computerized Neurocognitive Battery (Penn CNB; Gur et al. 2010). Performance on 11 tasks were examined: Penn Facial Memory Test (immediate and delayed), Penn Word Memory Test (immediate and delayed), Penn Continuous Performance Test-Number Letter Version, Penn Matrix Analysis Test, Penn Short Visual Object Learning Test (immediate and delayed), Penn Emotion Recognition Test, Penn Conditional Exclusion Task, Penn Measured Emotion Differentiation, and Penn Logical Reasoning. 
Information about the youth’s rearing environment at the family level included parent marital status (married vs. other) and current living arrangement (with biological parents vs. other). Familial history density of substance use disorder (SUD) was calculated as the weighted sum of all first (i.e., biological parents, weighted 0.5) and second-degree relatives (i.e., biological grandparents, weighted 0.25) with lifetime SUD symptoms, respectively, with the Family History Assessment Module (FHAM; Rice et al. 1995). Perceptions on the ease with which youth can gain access to illicit substances, including cannabis, was assessed using four items from the Access to Substances & Neighborhood Strength Questionnaire, adapted from Komro et al. (2007) and Tobler et al. (Tobler, Komro, and Maldonado-Molina 2009). Each item served as a single-item measure of alcohol access. 
Five measures of parental relationship with youth were examined: parental warmth, solicitation, knowledge, control, and supervision. Parental warmth was assessed using a 6-item instrument (Fletcher, Steinberg, and Williams-Wheeler 2004) in which youth the frequency in which parents engaged in behaviors that were perceived as caring, involved, and responsive. Parental solicitation was assessed using a 5-item instrument (Fletcher et al. 2004) in which youth indicated the extent to which parents attempted to obtain information regarding their whereabouts, friendships, and activities. Parental knowledge examined the accuracy of parent knowledge about youth whereabouts, friendships, and knowledge (Fletcher et al. 2004). Parental control measures the extent to which parents make decisions for youth. Parental supervision was assessed using a 4-item instrument (Fletcher et al. 2004) in which youth indicated the frequency with which parents were aware of, and youth informed parents of, their whereabouts outside the home. 
[bookmark: _Int_xtrFyzRP][bookmark: _Int_DUYMneP4]Peer substance use was assessed using four single-item questions, adapted from Bachman et al. (1981). Youth indicated the estimated number of friends who “smoke cigarettes,” “use inhalants,” “smoke marijuana,” “use other drugs like cocaine, downers, or LSD,” and “sell or give drugs to others.” Responses were recoded into a binary scale of “None” and “A few or more”. Youth were also asked, “How many different people have you dated or been seeing since you began dating?” Responses were recoded into a binary scale indicating zero (i.e., never dated) or non-zero (i.e., has had at least one romantic partner). 
Community-level characteristics were based on ZIP-code using American Community Survey locality data (ACS; U.S. Census Bureau 2023a), a nationwide survey publicly released by the United States Census Bureau annually(U.S. Census Bureau 2022). Six ACS sociodemographic metrics were examined: 1) median household income, 2) percent of population below the national poverty level, 3) percent of adults aged 25 or older with less than 12 years of education (i.e., less than high school diploma or equivalent), 4) percent of adults aged 25 or older with a high school diploma or equivalent, 5) percent of population receiving food stamps or Supplemental Nutrition Assistance Program (SNAP) benefits in the past 12 months 6) percent of population aged 16 years or older who are unemployed (U.S. Census Bureau 2023b). Each ACS sociodemographic metric was obtained for the ZIP Code Tabulation Area (ZCTA) in which youth reported residing at the year of transition into marijuana use. When geolocation data were not available for the same year of transition, available ZIP code data for the next most proximal year to transition was utilized. 
The density, or quantity, of cannabis-and alcohol related establishments for each youth postal ZIP code at or near the year of transition was calculated using publicly available data from the Census Bureau County Business Pattern (CBP; U.S. Census Bureau 2023c). The same methodology to assess geolocation data by year of transition for ACS sociodemographic metrics was applied for CBP data. The North American Industry Classification System (NAICS) is a classification code system used by Federal statistical agencies to classify business establishments. 

Supplementary Results
An additional post-hoc analysis was conducted to examine the model’s accuracy across different age groups at baseline and age of first use onset and weekly use onset (Supplementary Table S1). We divided participants into two groups based on the median baseline age (14.72 years): (1) younger group (≤14.72 years) and (2) older group (>14.72 years). Next, we computed C-index for predicting first use onset with respect to each subgroup, which was 0.659 (95% CI: 0.63–0.69) in the younger group and 0.677 (95% CI: 0.64–0.71) in the older group. The average C-index for predicting weekly cannabis use onset was 0.663 (95% CI: 0.63–0.70) in the younger group and 0.679 (95% CI: 0.65–0.71) in the older group. In both experiments, there was not a significant difference in the C-index with respect to the two age groups. 
Secondly, we divided the participants based on the median age of cannabis onset: 17.75 years for first use and 19.00 years for weekly use. For each outcome, we evaluated model accuracy separately in the younger-onset and older-onset subgroups across each fold of the five-fold nested cross-validation. The Random Survival Forest model yielded the C-index values of 0.655 (95% CI: 0.62–0.69) vs. 0.662 (95% CI: 0.63–0.70) for early vs. late first-use onset and the C-index values of 0.652 (95% CI: 0.62–0.69) vs. 0.660 (95% CI: 0.63–0.70) for early vs. late weekly-use onset. Again, the C-index with respect to the two age groups was not significantly different for both onset predictions.  

Supplementary Table S1. Model C-index across age-defined subgroups for cannabis onset prediction. C-index values with corresponding 9% confidence interval (CI) are reported for first-use and weekly-use onset across the full sample, and stratified by (i) baseline age (split at 14.72 years, the sample median age at study entry), and (ii) cannabis use onset age (split at 17.75 years for first use and 19.00 years for weekly use, representing the respective median ages of onset). 
	Comparison
	Split
	First-Use C-index
	Weekly-Use C-index

	Splits based on
Baseline Age 
in years 
	≤14.72 
vs. 
>14.72 
	[bookmark: OLE_LINK8]0.659 (CI: 0.63–0.69) 

0.677 (CI: 0.64–0.71)
	0.663 (CI: 0.63–0.70) 

0.679 (CI: 0.65–0.71)

	Splits based on
First Onset Age 
in years
	≤17.75 
vs. 
>17.75 
	0.655 (CI: 0.62–0.69) 
 
0.662 (CI: 0.63–0.70)
	—

	Splits based on
Weekly Use Onset 
Age in years 
	≤19.00 
vs.
 >19.00 
	—
	0.652 (CI: 0.62–0.69) 
 
0.660 (CI: 0.63–0.70)



To evaluate whether individual top predictors identified in the multivariate predictive pattern could independently predict age of cannabis onset, we assessed their predictive C-index using Robust Linear Regression within a nested cross-validation framework (Supplementary Table S2). For Cannabis First Use, AEQ Changes in Social Behavior yielded a C-index of 0.577 (95% CI: 0.497–0.643), and RSQ-Positive Thinking had a C-index of 0.538 (95% CI: 0.451–0.611). For Cannabis Weekly Use, AEQ Changes in Social Behavior in social behavior showed a C-index of 0.599 (95% CI: 0.488–0.685). In all cases, the p-values comparing results to chance (C-index = 0.5) were non-significant (all p > 0.05), indicating these features were not predictive on their own.
Supplementary Table S2. C-index (with 95% confidence intervals) for predicting Cannabis First Use and Cannabis Weekly Use using single features from the final predictive pattern: AEQ Changes in Social Behavior and RSQ–Positive Thinking. Predictive performance was evaluated using Robust Linear Regression with nested cross-validation.
	Feature
	Outcome
	C-Index
	p-value 

	Cannabis First Use
	AEQ Changes in 
Social Behavior
	0.577 (CI: 0.497 – 0.643)
	0.173

	
	RSQ-Positive Thinking
	0.538 (CI: 0.451 – 0.611)
	0.558

	Cannabis Weekly Use
	AEQ Changes in 
Social Behavior
	0.589 (CI: 0.488 – 0.665)
	0.231



[bookmark: OLE_LINK4]Supplementary Figure S1. A statistically significant positive association was observed between cannabis outlet density and alcohol outlet density (Pearson correlation, p<0.001). The shaded region denotes the 95% confidence interval surrounding the fitted regression line.   
[image: A graph of a marijuana outlet density

AI-generated content may be incorrect.]
Reference
Achenbach, T. Mv, and L. A. Rescorla. 2003. Manual for the ASEBA Adult Forms & Profiles. Burlington, VT: University of Vermont, Research Center for Children, Youth and Families, Burlington, VT.
Achenbach, Thomas M. 1991. Manual for the Youth Self-Report and 1991 Profile. University of Vermont Department of Psychiatry.
Bachman, Jerald G. 1981. Monitoring the Future: Questionnaire Responses from the Nation’s High School Seniors, 1980. ERIC.
Buysse, D. J., C. F. Reynolds, T. H. Monk, S. R. Berman, and D. J. Kupfer. 1989. “The Pittsburgh Sleep Quality Index: A New Instrument for Psychiatric Practice and Research.” Psychiatry Research 28(2):193–213. doi:10.1016/0165-1781(89)90047-4.
Connor-Smith, Jennifer K., Bruce E. Compas, Martha E. Wadsworth, this link will open in a new tab Link to external site, Alexandra Harding Thomsen, and Heidi Saltzman. 2000. “Responses to Stress in Adolescence: Measurement of Coping and Involuntary Stress Responses.” Journal of Consulting and Clinical Psychology 68(6):976–92. doi:10.1037/0022-006X.68.6.976.
Cyders, Melissa A., Gregory T. Smith, Nichea S. Spillane, Sarah Fischer, Agnes M. Annus, and Claire Peterson. 2007. “Integration of Impulsivity and Positive Mood to Predict Risky Behavior: Development and Validation of a Measure of Positive Urgency.” Psychological Assessment 19(1):107–18. doi:10.1037/1040-3590.19.1.107.
Fletcher, Anne C., Laurence Steinberg, and Meeshay Williams-Wheeler. 2004. “Parental Influences on Adolescent Problem Behavior: Revisiting Stattin and Kerr.” Child Development 75(3):781–96. doi:10.1111/j.1467-8624.2004.00706.x.
Gioia, Gerard A., Peter K. Isquith, Paul D. Retzlaff, and Kimberly A. Espy. 2002. “Confirmatory Factor Analysis of the Behavior Rating Inventory of Executive Function (BRIEF) in a Clinical Sample.” Child Neuropsychology: A Journal on Normal and Abnormal Development in Childhood and Adolescence 8(4):249–57. doi:10.1076/chin.8.4.249.13513.
Gosling, Samuel D., Peter J. Rentfrow, and William B. Swann. 2003. “A Very Brief Measure of the Big-Five Personality Domains.” Journal of Research in Personality 37(6):504–28. doi:10.1016/S0092-6566(03)00046-1.
Gur, Ruben C., Jan Richard, Paul Hughett, Monica E. Calkins, Larry Macy, Warren B. Bilker, Colleen Brensinger, and Raquel E. Gur. 2010. “A Cognitive Neuroscience-Based Computerized Battery for Efficient Measurement of Individual Differences: Standardization and Initial Construct Validation.” Journal of Neuroscience Methods 187(2):254–62. doi:10.1016/j.jneumeth.2009.11.017.
Komro, Kelli A., Mildred M. Maldonado-Molina, Amy L. Tobler, Jennifer R. Bonds, and Keith E. Muller. 2007. “Effects of Home Access and Availability of Alcohol on Young Adolescents’ Alcohol Use.” Addiction (Abingdon, England) 102(10):1597–1608. doi:10.1111/j.1360-0443.2007.01941.x.
Lynam, Donald R., Gregory T. Smith, Stephen P. Whiteside, and Melissa A. Cyders. 2006. “The UPPS-P: Assessing Five Personality Pathways to Impulsive Behavior.” West Lafayette, IN: Purdue University 10.
Rice, J. P., T. Reich, K. K. Bucholz, R. J. Neuman, R. Fishman, N. Rochberg, V. M. Hesselbrock, J. I. Nurnberger, M. A. Schuckit, and H. Begleiter. 1995. “Comparison of Direct Interview and Family History Diagnoses of Alcohol Dependence.” Alcoholism, Clinical and Experimental Research 19(4):1018–23. doi:10.1111/j.1530-0277.1995.tb00983.x.
Smith, C. Reilly, and K. Midkiff. 1989. “Evaluation of Three Circadian Rhythm Questionnaires with Suggestions for an Improved Measure of Morningness.” The Journal of Applied Psychology 74(5):728–38. doi:10.1037/0021-9010.74.5.728.
Tobler, Amy L., Kelli A. Komro, and Mildred M. Maldonado-Molina. 2009. “Relationship between Neighborhood Context, Family Management Practices and Alcohol Use among Urban, Multi-Ethnic, Young Adolescents.” Prevention Science: The Official Journal of the Society for Prevention Research 10(4):313–24. doi:10.1007/s11121-009-0133-1.
U.S. Census Bureau. 2022. American Community Survey and Puerto Rico Community Survey Design and Methodology. American Community Survey (ACS). https://www2.census.gov/programs-surveys/acs/methodology/design_and_methodology/2022/acs_design_methodology_report_2022.pdf.
U.S. Census Bureau. 2023a. “American Community Survey (ACS).” https://www.census.gov/programs-surveys/acs.
U.S. Census Bureau. 2023b. “Census Glossary.” https://www.census.gov/glossary/?term=Unemployed.
U.S. Census Bureau. 2023c. “County Business Patterns Datasets.” https://www.census.gov/programs-surveys/cbp/data/datasets.html.
Wolfson, Amy R., and Mary A. Carskadon. 1998. “Sleep Schedules and Daytime Functioning in Adolescents.” Child Development 69(4):875–87. doi:10.1111/j.1467-8624.1998.tb06149.x.



2

image1.png
Alcohol outlet density

Cannabis outlet density

R2=0.047
p<0.001





