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Motivation 
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The demand for subnational MRIO models persists

• Measuring spillovers and feedback effects (Cho et al., 2015; Perez, Dones & Llanos, 2009).

• Observing upgrading and downgrading in value chains (Hernández-Rodríguez et al., 2025).

• Explaining interregional income impacts (Carrascal-Incera & Hewings, 2022).

• Examining environmental impacts and their evolution:

• Water use (Cazcarro, Duarte & Sánchez Chóliz, 2013).

• Carbon footprints (Fei, 2020; Ivanova et al., 2017; Ning et al., 2019).

• Energy use (Zhang & Lahr, 2014).

• Land use (White et al., 2018).

• etc.
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Some things have changed, some others have not

• Back in the day, subnational MRIO modelers had a hard time in:

• Combining scattered and scarce economic data.

• Navigating disagreements on accounting concepts.

• Overcoming computational difficulties.

• Nowadays:

• Little disagreements exist on accounting concepts, even internationally.

• Increasing computational capacity.

• Officially sponsored MRIO models are still the exception.

• e.g.: Bank of Korea (2022), Meng et al. (2013), METI (2010), Thyssen et al. (2018), Zhang et al. (2015).

• MRIO producers still need to use non-survey of hybrid techniques to keep up with the demand.
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An unknown trade-off between costs and accuracy gains

• Non-survey MRIO models are typically built using:

• Employment data ≈ output.

• Population data ≈ income.

• Fortunately, governmental statistical agencies are releasing more subnational data.

• Oddly, they are not always integrated into MRIO accounts.

• Incorporating these data to produce subnational MRIO accounts is time & money consuming.

• The accuracy gains remain unknown for users and producers.

• This paper → (When) is it worth it? 
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The experiment
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• DATA. FIGARO’s 2015 industry-by-industry IO table → Trade flows between 𝑔 = 27 European Union (EU) 

countries (hereafter, regions) and 𝑛 = 64 industries. “International” (extra-EU) trade exogenous.

• PURPOSE. Aggregate into a fictitious national economy (𝑁) and retrieve the model as accurately as possible.

• MODELLING ASSUMPTIONS. Sectoral productivity, regional technology, income per capita, household 

consumption pattern and the rest of final demand pattern are equal across the nation. 

• ADDITIONAL INFORMATION. To relax some of the modelling assumptions:

• Value added (VA) for 11 industry aggregates with regional detail → As available in Eurostat.

• Consumption patterns with regional detail → The Household Budget Survey provides detail down to the NUTS1 level.
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 Intermediate trade Household consumption Rest of final demand  

 1 ⋯ 𝑔 1 ⋯ 𝑔 1 ⋯ 𝑔 𝑟 ∉ 𝑐 Σ 

1 𝐙11  ⋯ 𝐙1𝑔  𝐡11  ⋯ 𝐡1𝑔  𝐅11  ⋯ 𝐅1𝑔  𝐞1 𝐱1 

⋮ ⋮ ⋱ ⋮ ⋮ ⋱ ⋮ ⋮ ⋱ ⋮ ⋮ ⋮ 

𝑔 𝐙𝑔1 ⋯ 𝐙𝑔𝑔  𝐡𝑔1 ⋯ 𝐡𝑔𝑔  𝐅𝑔1 ⋯ 𝐅𝑔𝑔  𝐞𝑔  𝐱𝑔  

𝑟 ∉ 𝑐 𝐦1 ⋯ 𝐦𝑔  𝐦𝑔+1 ⋯ 𝐦2𝑔  𝐦2𝑔+1 ⋯ 𝐦3𝑔    

VA 𝐰1 ⋯ 𝐰𝑔          

Σ 𝐱1 ⋯ 𝐱𝑔          

 

Notation:

- 𝐙: Intermediate trade

- 𝐅: Rest of final demand

- 𝐡: Household consumption

- 𝐱: Gross output

- 𝐰: Value added

- 𝐞: International exports

- 𝐦: International imports



Additional information: aggregated value added

• We combine VA and employment data to build the 

𝐱, 𝐰, 𝐦 and 𝐞 vectors.

• We also use VA to proxy regional income shares 𝛑.

• Assumptions affected:

• Equal productivity of an industry across all regions.

• Equal income per capita.

• Assumptions unaffected:

• Equal technology across all regions → 𝐀𝑟 = Ƹ𝐢 ۪ 𝐀𝑁

• Equal consumption patterns → 𝐡•𝑟 = Ƹ𝐢 ۪ ( Τ𝐡𝑁 𝐡••) ෝ𝛑

• Equal 𝐅 patterns → 𝐅•𝑟 = Ƹ𝐢 ۪ ( Τ𝐅𝑁 𝐅••) ෝ𝛑
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𝐱 = 𝐈 − 𝐓𝐀𝑟 −1(𝐓𝐡𝑟 + 𝐓𝐅𝑟 + 𝐞)

𝐓: Trade coefficients’ matrix

• Econometric RPCs for goods (E.S. 2).

• Supply/demand ratios for services.

• Doubly-constrained gravity model. 

𝐀𝑟 =
𝐀•1 ⋯ ⋯

⋮ ⋱ ⋮
⋯ ⋯ 𝐀•𝑔

𝐀•𝑟 = 𝐙•𝑟 ො𝐱𝑟 −1

𝐡𝑟 =
𝐡•1 ⋯ ⋯

⋮ ⋱ ⋮
⋯ ⋯ 𝐡•𝑔

𝐅𝑟 =
𝐅•1 ⋯ ⋯

⋮ ⋱ ⋮
⋯ ⋯ 𝐅•𝑔



Additional information: household consumption patterns

• We assume to know the consumption bundle of 

regional households (𝐡 from FIGARO)

• But we ignore where the goods & services are produced.

• Regional income shares 𝛑 ≈ population shares. 

• Assumption affected:

• Equal household consumption patterns across all regions.

• Assumptions unaffected:

• Equal productivity for an industry across regions.

• Equal income per capita.

• Equal technology across all regions → 𝐀𝑟 = Ƹ𝐢 ۪ 𝐀𝑁

• Equal 𝐅 patterns → 𝐅•𝑟 = Ƹ𝐢 ۪ ( Τ𝐅𝑁 𝐅••) ෝ𝛑
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𝐱 = 𝐈 − 𝐓𝐀𝑟 −1(𝐓𝐡𝑟 + 𝐓𝐅𝑟 + 𝐞)

𝐓: Trade coefficients’ matrix

• Econometric RPCs for goods (E.S. 2).

• Supply/demand ratios for services.

• Doubly-constrained gravity model. 

𝐀𝑟 =
𝐀•1 ⋯ ⋯

⋮ ⋱ ⋮
⋯ ⋯ 𝐀•𝑔

𝐀•𝑟 = 𝐙•𝑟 ො𝐱𝑟 −1

𝐡𝑟 =
𝐡•1 ⋯ ⋯

⋮ ⋱ ⋮
⋯ ⋯ 𝐡•𝑔

𝐅𝑟 =
𝐅•1 ⋯ ⋯

⋮ ⋱ ⋮
⋯ ⋯ 𝐅•𝑔



Four information scenarios

 I II III IV 

𝐱 Employment shares 

Aggregated value added 

Employment shares 

 

Employment shares 

Aggregated value added 

Employment shares 

 

𝐰 Employment shares 

Aggregated value added 

Employment shares 

 

Employment shares 

Aggregated value added 

Employment shares 

 

𝐡 Household consumption 

patterns from FIGARO 

Household consumption 

patterns from FIGARO 

Aggregated value added Population shares 

𝐅 Aggregated value added Population shares Aggregated value added Population shares 

𝐞 Employment shares 

Aggregated value added 

Employment shares Employment shares 

Aggregated value added 

Employment shares 

 

𝐦 Employment shares 

Aggregated value added 

Employment shares Employment shares 

Aggregated value added 

Employment shares 
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The results
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More data ≈ Better allocation of 
key economic figures
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Figure 1. Employment and value added as predictors of output.

Figure 2. Income and population as predictors of household consumption and rest of final 

demand totals, under and over estimations.

𝐢′𝐡𝑟

𝐢′𝐅𝑟𝐢



Different impacts on different impact analyses (I)

• Additional information does not improve the accuracy of 

𝐀𝑟𝑟 or 𝐋𝑟𝑟 matrices.

• Why?

• We ignore the input intensity per unit of output (𝐢′𝐀𝑟) for 

regional industries → 𝐀•𝑟 = 𝐀𝑁

• Adjustments for regional direct requirements are cell-specific 

(Garhart & Giarrantani, 1987).

• Implications:

• Analyses of output impacts and/or spillover effects would 

benefit little from including the VA and consumption data.

• The same applies to supply chain analyses using information 

from the 𝐀 matrix.
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WAPE = 100 ∙ ෍

𝑖

෍

𝑗

𝐙

σ𝑖 σ𝑗 𝐙

෨𝐙 − 𝐙

𝐙

Direct requirements — 𝐀𝑟𝑟 = 𝐙𝑟𝑟 (𝐱ො)−1 

Scenarios I II III IV 

𝜇 70.69 71.59 70.42 71.01 

𝜎 12.66 13.46 12.40 12.69 

𝜎/𝜇 0.18 0.19 0.18 0.18 

Best 8 5 10 4 

Output multipliers — 𝐋𝑟𝑟 = (𝐈 − 𝐀𝑟𝑟 )−1 

Scenarios I II III IV 

𝜇 22.31 22.76 22.18 22.53 

𝜎 3.35 3.75 3.22 3.41 

𝜎/𝜇 0.15 0.16 0.15 0.15 

Best 7 6 11 3 

 



Different impacts on different impact analyses (II)

• Consumption coefficients → Great leap forward.

• The more data intensive scenario I produces the best 

estimates for all the regions in the model.

• Ireland → 70 percentage points lower.

• Germany → 16 percentage points lower.

• Implication: Additional VA and consumption data produce 

more accurate models with endogenized households.

• e.g.: models à la Miyazawa (1976).
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WAPE = 100 ∙ ෍

𝑖

෍

𝑗

𝐙

σ𝑖 σ𝑗 𝐙

෨𝐙 − 𝐙

𝐙

Consumption coefficients — 𝐜𝑟𝑟 = 𝐡𝑟𝑟 (𝐢′ 𝐰𝑟 )−1 

Scenario I II III IV 

𝜇 14.88 41.86 37.07 38.78 

𝜎 6.10 19.34 13.45 15.02 

𝜎/𝜇 0.41 0.46 0.36 0.39 

Best 27 0 0 0 

 



Different impacts on different impact analyses (III)

• Subnational detail → Among the latest 

developments of consumption-based 

accounting (CBA) for environmental impacts 

(Malik et al., 2019).

• Let 𝛆 = 𝐠𝐡𝐠/𝐱 be a GHG tonnes emitted per 

unit of output (emission coefficients).

• Better output estimates = Better emission 

coefficients.

• Result are consistent with figure 1.
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Figure 3. Scatter plot for true and estimated values of 𝛆 in the four information scenarios.



• Let 𝛄 = 𝛆´𝐋𝐡 be the regional GHG emissions 

induced by national households’ consumption.

• Implication: Environmental CBA can reduce 

bias using additional VA and household 

consumption data.
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Figure 4. GHG footprint of household consumption. Under and over estimations. 

Golden squares mark the more accurate scenario.

Modest improvements in the direct requirements

+ Notable accuracy gains in household consumption

+ More solid estimates of emission coefficients

Better estimates of consumption-based GHG emissions



Concluding remarks

CONCLUSIONS

• Integrating additional information:

• Little improvement to model impacts on 

output & spillovers. But it does not hurt!

• Major improvement to endogenize 

households. 

• Same applies to consumption-based 

environmental impacts.

• Encourage subnational MRIO producers to 

use additional information in their models.

LIMITATIONS

• Results might be influenced by data 

peculiarities.

• Would knowing regional input intensities 

per unit of output make a difference?

• CBA → Regional data on GHG emissions 

per unit of output is seldom available.

• Poor estimates of intraregional trade in 

services.
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