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Introduction: Economy and Industry 

• The economy provides the 
foundation for the business 
environment in terms of the 
consumer purchasing power and 
access to capital (Karimi & Sugözü, 2025). 

• On the other hand, industries 
contribute to the economy in terms 
of taxes, salaries and propagation 
of economic activities through 
purchases and sales (Karimi & Sugözü, 

2025).
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Introduction: Sustainability

• Sustainability represents a 
reality for the future, making it a 
necessity rather than an option. 

• Businesses consequently require 
alignment with sustainability so 
as to ensure continued 
profitability into the future (Joseph, 

2025; Azizah & Haron, 2025). 
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Problem Background

• The bi-directional relationship that 
exists between industries and the 
economy creates a challenge for 
business to adjust for a sustainable 
future. 

• A consideration is therefore 
needed that accounts for how the 
industries impact the growth of the 
economy and how the growth of 
the economy impacts the growth 
of industries.
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• Similar to other industries, the 
beer industry faces the pressure 
and reality of sustainability (Fuentes et 

al., 2025; Ooyama et al., 2025). 

• Exploring the economic 
perspective of sustainability for the 
beer industry, as explored in Ravanal et 

al. (2024), in the US will offer the 
insights into how industries can 
approach the sustainable future. 



Data Sources and Methodology

Data Sources

Open Brewery Database 
API 

https://api.openbreweryd
b.org/v1/breweries 2 

Brewery Profile and Rating 
Data

https://www.kaggle.com/
datasets/ruthgn/beer-

profile-and-ratings-data-
set? select=beer profile 

and ratings.csv 

Bureau of Economic 
Analysis API 

Historical GDP Data by 
State

https://apps.bea.gov/API/
signup/ 

FRED

Historical Income Data by 
State

https://fred.stlouisfed.org
/release/tables?eid=25951

5&rid=249/ 
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• According to Rabbani et al. (2025) and Machmuddah et al. 

(2025) ,data analytics serve as a tool that 
can enable easier and faster alignment 
through anticipation and prediction of 
possible future scenarios in the transition 
towards complete sustainability.

• In the predictive analytics, the bi-
directional relationship will be evaluated 
using GDP for the economy and the 
number of established breweries across 
states for the industry. 



Data Sources and Methodology

Data Analytics

Spatial-Temporal 
Analysis

Random Intercept 
Cross-lagged Panel 
Model (RI-CLPM)

Spatial Cross-lagged 
Panel Model (SCLPM)

Arellano-Bond 
Difference 

Generalized Method 
of Moments (GMM)

• The RI-CLPM is described in Sorjonen and Melin (2025) to employ cross lagging 
through re-ordering data by spatial and time attributes with 
significance evaluated for both the cross-lagged effects and the two 
dependent variables evaluated for mutual effects. 

• The SCLPM applies cross lagging through the use of multi-index for 
the spatial time attributes followed by lagging where spatial weights 
are employed for the two dependent variables evaluated for mutual 
effects (Fingleton, 2023). 

• The GMM represents a robust approach in handling dynamic panel 
data where the consistency that results from the differencing to 
remove spatial effects that are time-invariant or very specific; 
making the model very sensitive to the attributes included in the 
modeling (Jula et al., 2026). 
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Trend Analysis of GDP and Household Income

• Trend analysis for the GDP shown in the line 
chart above indicates that the GDP had a 
general rising trend between 2018 and 2023 
with a slight dip in 2020. 

• Trend analysis for the Household Income shown 
in the line chart above indicates that the 
Household Income had a series of jumps and 
falls between 2018 and 2023 and hence had 
year to year variation. 
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Spatial Analysis of the Beer Industry

• Above is the map for the distribution of 
breweries across the US. 

• We observed that breweries are predominately 
located on the East Coast, West Coast and in the 
states about the Great Lakes.

• We also note that California, Washington State 
and Colorado lead in the number of breweries. 

• Presented on the left is the grouped column 
chart of the brewery type by state. 

• We observe that majority of the states have 
micro-breweries with the large breweries 
located in states with the highest number of 
breweries. 
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Consumer Review 
• Consumer review ratings for beer 

aroma, appearance, palate and 
taste, and the overall ratings had 
averages of between 3.64 and 3.75 
out of 5. All the ratings also show 
negative skewness, implying 
majority of ratings are above 
average. 

• Beers produced using the IPA – 
New England style, Wild Ale style 
and Stout – American Imperial 
Style had the highest average 
ratings by the consumers. 
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Data Preparation for Modelling 

Data

Logarithm Transformation 
(log_...)

The variables are transformed by 
getting the logarithm of the 

values.

Lagging of Time Series (…_lag)

The 1st lag of the variable is 
obtained to get the immediate 

previous value.

Spatial Weights (W_...)

The location of the observation is 
considered by applying contiguity 

that creates weight depending 
on how locations (in this case 

states) border each other.
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Random Intercept Cross-lagged Panel Model (RI-CLPM) – Model Summary

• The table on the left gives the 
model summary for the RI-
CLPM.

• The estimated cross-lagged 
effects for the GDP were:
• Brewery Count: 1.427
• GDP_lag: 1.064
• Household Income: -0.1846

• The estimated cross-lagged 
effects for the Brewery Count 
were:
• GDP: -0.000025
• GDP_lag: 0.000076
• Household Income: 0.00032
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Spatial Cross-lagged Panel Model (SCLPM) – Model Summary

• The table on the left gives the model 
summary for the Spatial Cross-lagged 
Panel Model (SCLPM). 

• The results of the effects on the GDP 
were such that the estimated effects 
were:
• log_GDP_lag: 0.99

• log_income_lag: -0.016

• W_GDP_lag: 0.005

• W_brewery_count: -0.011

• log_brewery_count: 0.012
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Arellano-Bond Difference Generalized Method of Moments (GMM) – Model Summary

• The table on the left gives the 
model summary for the 
Arellano-Bond Difference 
Generalized Method of 
Moments (GMM).

• The results showed the estimate 
for the parameters were; 
• log_GDP_lag: 21.531
• log_income: -0.6635
• W_GDP_lag: -20.492
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Key Findings: RI-CLPM

• The estimated cross-lagged effects were such that the estimated magnitude of effect on 
GDP was 1.427 for brewery_count, 1.064 for GDP_lag and -0.1846 for 
Household_Income.

• The estimated cross-lagged effects were such that the estimated magnitude of effect on 
brewery count was -0.000025 for GDP, 0.000076 for GDP_lag and 0.00032 for 
Household_Income.

• Results from the RI-CLPM showed the estimated temporal aspect was significant at alpha 
= 0.05 since;
• GDP had GDP_lag and brewery count as significant predictors.
• Brewery count had GDP_lag, GDP and household income as significant predictors.

• The findings are however limited in terms of the interpretability of the RI-CLPM model.
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Key Findings: SCLPM 

• The temporal effects on the log_GDP from the SCLPM model were such that 
estimated magnitude of effect were 0.99 for log_GDP_lag -0.016 for 
log_income_lag.

• The spatial effects on the log_GDP from the SCLPM model were such that 
estimated magnitude of effect were 0.005 for W_GDP_lag and -0.011 for 
W_brewery_count.

• The brewery count had an estimated magnitude of effect on the log 
transformation at 0.012. 

• In terms of the significance, the temporal effects for the GDP, log_GDP_lag, was 
significant at alpha = 0.05.
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Key Findings: GMM

• The spatial temporal effects on the log_GDP were estimated by the 
GMM to be -20.492 for W_GDP_lag.

• The temporal effects of log_GDP_lag on log_GDP was estimated by 
the GMM to be at 21.531 while the effects of log_income was 
estimated by the GMM to be at -0.6635.

• GMM did not identify any of the effects as significant predictors of 
the log_GDP.
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Conclusion

• The results show that there is a time-based relationship between 
brewery activity and economic performance across states. 

• In the RI-CLPM, the strongest evidence came from changes over time, 
suggesting that year-to-year patterns matter more than simple 
differences between states. 

• In the SCLPM, a state’s own previous GDP was the strongest predictor, 
while the effects from neighboring states were weak. 

• In the GMM robustness check, the predictors were not statistically 
significant, so the stricter model did not confirm strong effects. 
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Conclusion

• Overall, the project suggests that economic patterns are explained 
more by a state’s own past values than by neighboring state effects.

• Brewery activity seems to be related to economic change over time, 
but this relationship appears stronger in the temporal models than in 
the robustness model. 

• This means the findings should be interpreted carefully, because the 
relationship is visible in some models but not equally strong in all of 
them. 

• In summary, the study suggests a possible connection between 
brewery presence and economic outcomes, but there is only limited 
evidence for spatial spillover effects.
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