
4/21/21Managed by Triad National Security, LLC, for the U.S. Department of Energy’s NNSA. 4/5/21 1

Estimating Local 
Economies for 
Infrastructure Studies

Riccardo Boero  
riccardo@lanl.gov

April 28th, 2021

LA-UR-15-25928, LA-UR-15-24628, LA-UR-17-26188, LA-UR-17-27053



4/21/21 2

Agenda

Aims & 
Scope

Models & 
Data of 
Local 
Economies

Infrastruct
ure - 
Economy 
Interfaces

Applicatio
ns

• Why do we 
need to 
research the 
estimation of 
fine scale 
data for local 
economies?

• The most 
common 
problems of 
existing 
approaches 
and a 
possible 
solution

• How to 
connect local 
economies 
with local 
infrastructure, 
water and 
power

• Some 
possible 
applications



4/5/21 3

Aims & Scope
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The starting point

• Knowing regional economic data is fundamental for 
researching infrastructure: 

• Value, cost-benefit analyses 
• Resilience, hardening, expansion 
• Economic development 
• National, energy security 

• Representing dynamics happening within and between 
regional economies, and about how shocks propagate from 
infrastructure to industries and back is important too 

• Infrastructure is usually considered “just” an economic 
sector, but it is different both within and on impacts
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What do we need?

• We need regional input-output tables and domestic 
(inter-regional) trade flows 

• Regional input–output tables and trade flows are rarely 
observed and they must be estimated using up-to-date 
information 

• Estimation approaches vary widely but consider tables and 
flows independently 

• We need a quantitative interface between infrastructure 
and the local economy 

• This is usually ad hoc and weakly based on quantitative 
measures, not scaled to regions
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Aims

• We want to verify if different approach based on a joint estimation 
method is possible and accurate 

• We want to investigate whether it is possible deriving “standard” 
quantitative Infrastructure/Economy interfaces that allow accurately 
modeling shock propagation from the infrastructure to the economy

regional i-o tables + trade flows between regions

quantitative interface from infrastructure to industries
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Models & Data of Local Economies
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Established methods

• Start form National I-O tables, then regionalize them 

• Most of the methods used to regionalize IO tables, whether non-
survey methods, hybrid methods, or ready-made or short-cut 
techniques, have some common features: 

−they rely on national IO tables and regional-level labor market 
data 

−they are based on two main theoretical assumptions: (1) that 
regional and national technologies are very much similar; and 
(2) that customers have very similar preferences within a nation 

−they are implemented using a similar procedure
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Standard regionalization procedure - 1

• Compute direct coefficients of the most recent national IO 
table at disposal 

• Using one of the many variants of the approach of location 
quotients (LQs), for each industry compute an LQ-based 
measurement 

• If the measurement points out that the industry is relatively 
smaller at the regional level than at the national one, the 
national coefficients are decreased accordingly along the 
row that represents the industry of focus
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Standard regionalization procedure - 2

• Final demand vector estimated on homogenous 
preferences 

• Finally, resulting regional transaction matrix must be 
balanced (e.g., iterative proportional fitting – RAS, cross 
entropy, etc.) 

• Ongoing and long-lasting debate in the literature on the 
cons of this approach
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Standard domestic trade flows approach

• The standard approach is to use gravity models 

• Data requirements may be problematic 

• Behind there is the idea of preferences for non-domestic 
products 

• Require calibration on the past and assumption of no 
change
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Integrated approach

• Two steps of the same estimation problem: 
1. Estimate unbalanced transaction table 
2. Estimate trade flows that balance tables 

• The first step is a constrain for the second
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Details on unbalanced regional tables

• The regional transactions table is filled with intermediate 
demand for each industry (and in each industry) using the 
supply ratio (region/nation), and with value added, 
determining the total regional supply 

• The net regional demand of final goods is estimated with 
income ratio 

• Regional imports from and exports to foreign countries can 
be also estimated using these two approaches: exports by 
the first step, imports as in the second step
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Details on domestic trade flows estimation

• For each region i and for each sector: 

• Sequential decision making (cross-hauling) in a random 
order and without coordination and competition.
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Necessary data for US counties estimation

• National supply and make tables (BEA – summary level 
65/67 industries) 

• Employment data, Quarterly Census of Employment and 
Wages (BLS) 

• County to county transport cost (results from impedance 
minimization in the intermodal transportation network by 
Oak Ridge National Lab – 1 highway mile as impedance 
unit)
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Evaluation of estimated regional tables
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Evaluation of estimated trade flows
No 
cross-
hauling

Yes 
competition
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Summary of the integrated approach

• Pros: 
−The aggregation of results in step 1 and 2 (unbalanced 
tables + trade flows) provide perfectly balanced tables 
−The assumptions are the same as for other regionalization 
of tables, homogeneity of technology and preferences, 
and less for trade flows (only minimization of transport 
cost) 
−Scalability 
−Integration of detailed local knowledge benefits the entire 
set of estimations 

• Cons: 
−Computational weight
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Infrastructure/Economy Interfaces: 
water and power
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Infrastructure/Economy interfaces

• Must be: 
−By infrastructure 
−At the regional scale 
−Taking advantage of available data 

• Aims at quantifying the relationship between the physical 
service provided by the infrastructure and the economic 
value that depends on it (not its price!) 

• Supports the investigation of a) infrastructure; b) events; 
and c) scenarios of sustainable economic growth, changing 
natural hazards
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Water coefficients: state of the art

• Most are case studies 
• Often use life cycle inventories 
• Limited to a few industries 
• The few exceptions are at the national level (regional 

heterogeneity is due to the economy only) 
• Some of these latter use utility industry information of I/O 

tables for estimating water coefficients 

• I.E., limited in terms of data used, time (not replicable or 
too expensive to replicate), space (either national or for a 
small case study), and level of industrial detail
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Water coefficients: our approach

• Aggregate USGS Water Use survey information in a 
meaningful and consistent way, county level, annual 

• Relate water uses with economic value  
• Use non linear regression approaches to estimate 

coefficients for EPA level II ecological regions
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Water coefficients and withdrawals

• Ecological region coefficients can be transformed to 
coefficients for any administrative unit 
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Evaluation of regional water coefficients

• Computing total water withdrawals at the county level (for 
the USGS comparison), our approach is +68% more 
accurate than national water coefficients (IO method), and 
+39% than the national GDP regression method



4/5/21 25

Evaluation of regional water coefficients

• What is the impact for regional analyses? 
• The Moran's I measure of global spatial autocorrelation of 

the prediction error for contiguous counties and with 
regional coefficients is -12.4% of national approaches
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Electric power consumption coefficients

• Form EIA-826 “Monthly Electric Utility Sales and Revenue 
Report with State Distributions” provide sales of electric 
power from a statistically chosen sample of electric utilities  

• Data are published monthly for each state and for four 
macro sectors. 

• Within each macro-sector we compute single industry e.p. 
coefficients using input-output information relative to the 
“electric utility” industry and the relative macro sector
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Evaluation of e.p. consumption coefficients

• Annual Survey of 
Manufacturers 
(ASM) by U.S. 
Census is based 
on about 50k 
establishments 

• It measures 
electric power 
needs 

• Limited to 
national scale 
and 
manufacturing 
industries
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Evaluation of e.p. consumption coefficients

• DOE EERE (2008) reports that buildings accounted for 
72% of electric power used in 2005. Energy use in non-
residential building has increased steadily, with a 70% 
increase between 1980 and 2005. 

• Most energy intensive industries: 
−chemical production processes (Worrell et al. 2000)  
−the manufacturing sectors that produce food, paper, 
chemical, petroleum and coal products, nonmetal mineral 
products, and primary metals (Mukherjee 2008)



4/5/21 29

Evaluation of e.p. consumption coefficients

• In California between 
1997 and 2014: 
–coefficients decreased 

on average by 0.02 kWh/
$ at 2014 prices 

–coefficients decreased in 
40 industries 

–total use has increased 
by 18.4 TWh 

–total use in 35 industries 
decreased 

• Energy efficiency, GDP 
growth, and retail e.p. 
prices explain these 
dynamics
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Applications
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Vast amount of possible applications

• Regional economic models following the I/O approach, 
CGE, etc. 

• Analysis of cost/benefits, investments selection 

• Adaptation, climate change impacts 

• Natural resource management & policies 

• Resilience and expansion planning
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The case of large-scale extreme event: CGE modeling
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• FEMA Modeling Task Force (MOTF – FEMA, 2017), New 
Light Technologies and ImageCat (2017) developed a 
comprehensive database of the buildings damaged by 
Hurricane Sandy 

• We selected non-residential buildings through Census 
blocks information 

•

Asset loss
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Output loss

• Knowing the power loss (EIA, 2017) and the e.p. 
coefficients we can estimate the business interruption for 
each industry in the area
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Economic impacts
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Open issues

• Better data and modeling of the substitution of inputs 
provided by infrastructure 

• Develop interfaces for other critical infrastructure sectors 

• Better data for passengers’ transportation cost? 

• Better data for e.p. consumption?
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Open projects

• Integrate monetary I/O tables with physical ones, for 
analyses of sustainability, circular economy, etc. 

• Further downscaling of economic data to study adaptation 
to joint climate extremes 

• Link system-level adaptation to grid-level resilience through 
infrastructure-level adaptation 

• Integration of economic impacts with infrastructure 
vulnerability analyses


