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Introduction: Input-Output Analysis for Impact Analysis of companies

» In the last years, the legal requirements and public pressure on companies in reporting
social and environmental impact of their supply chain increased:
« E.g. GHG Protocol, Supply Chain Law, CSRD, CSDDD.

» Data availability is (if at all) mostly limited to tier 1 supplier.

» Product specific Life-Cycle Analysis can provide extensive information about overall supply chain impacts.

» However, LCAs are often expensive to conduct and do fail to capture the comprehensive supply chain
impact of a company (product vs. company footprint).




Introduction: Input-Output Analysis for Impact Analysis of companies
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Introduction: Input-Output Analysis for Impact Analysis of companies

» Companies and regulators demand for various indicators:

Environmental: Social:
o GHG emissions

Occupational accidents and diseases
Air emissions Wage quality
Water consumption & pollution Child labor,

Use of land
Waste production

Forced labor
Human Capital (occupational training)
Gender equality
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» Many of those impacts happen in countries not covered by MRIOs.
» But various new approaches exists: e.g. GLORIA, EMERGE

» Our approach: Extending FIGARO tables to 194 countries and extrapolating to a current date.




FIGARO Extension

Two-step procedure:
» Create Base Table with gravity model

» Apply KRAS on extended Table




Extension of Figaro Tables: Base Table

» Extension of ROW Region to 151 countries with a gravity model (see Shepherd (2013):

o Calculate average import share of FIGARO Countries
o Use same ROW technology matrix Agq,y for all ROW countries
o Multiply with domestic/import share:

Domestic; = Agrow (1 — 1) m Import Share
o Use Gravity model for allocation of imports:

Imports; = Agow * M * grav;;

where: _
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is the Gravity equation obtained from Shepherd, B. (2013).
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Extension of Figaro Tables: Gravity Model. Exemplary Results
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WifOR (K)RAS implementation
KRAS method

 Based on
Manfred Lenzen , Blanca Gallego & Richard Wood (2009): MATRIX BALANCING
UNDER CONFLICTING INFORMATION, Economic Systems Research, 21:1, 23-44
http://dx.doi.org/10.1080/09535310802688661

» We adopt the formalism proposed there: Ga = ¢

e Schematic view:

Vectorization of matrix A

G a c
] B 1oo1oo1oo1oox”_2
= 01 0 ol1 o oMl o o o - Dy
A_.a . Coqcise, general formalism
(3x4) (12x1) * Arbitrary subsets of A

(rows, columns, single, non-/adjacent)
* Negative elements (differences) as special cases
+ Dimension of G: #constraints x #elements_in_A A




KRAS methodology

+ RAS-type algorithm typical scaling (following Eq. 23 in Lenzen et al. (2009)):

(n) (n)2 (n—1) (n—1) N ~ (n-1)
(n) G+ \/‘- i +4 Zj,pos 9ij E jmeg —9ij%; J, POS <= gija; > ()
T —
‘ —1 . 1
23 pos Gigdly j.neg & gial" ™V <0

(I-Jgn) = a.,(.n_l) [‘l'(ﬂ)} Sgh(ag‘n ~9i5)

J

» Adjustment of inconsistent constraints (Krss, ‘Konfliktfrei®, i.e. conflict free, also foll. Eq. 23)

an) = an_l) — Sgn(0) - Min(|0|, aoy) 5 = (.5”_1) _ Z gz‘ja;n—l)
J

« Enhanced KRAS algorithm by introduction of contraint intervals (e.g.: [0,+=], [-~, -1000], [-100,-10],
...)




KRAS methodology

Python implementation

* |Implementation done in Python
+ Solved RAS-infeasible problems given in Lenzen et al. (2009)

* G object
* Full row of G matrix = one constraint for problem size 12.480 x 13.455: would be ~1.25GB RAM (64bit / G element)

- Need for dedicated Python class to store G matrix

* Optimizations
» Typical KRAS run: Matrix size 12.480 x 13.455, 600,000 contraints, x iterations per constraint
- run-time: ~2h creation G obj. + ~10h KRAS run




KRAS methodology
Application

» Constraints included
» EUROSTAT and UN SNA (GO and IC)
» IMF and UN Comtrade data for international trade Data
» Country GVA Data from Worldbank
» GDP forecasts from IMF and scenarios from IPCC
» For unconstrained rows and columns: Use initial table sums as contraints

» Creation of time series 2010 — 2100
» Sequential (K)RAS runs:

ERE ESF SF SF SR

Initial 2010 2010 Initial 2022 2022 2023 2100

» Contraints are sometimes conflicting - put weight on individual constraints.
» We impose rule of thump weights: From trusted sources to less reliable sources.
» Weighted constraints were used: Eurostad = 0 (most trusted), UN = 0.001,
IMF = 0.0001, Worldbank GDP = 0, Factorial constraints = 0.004 (least trusted)




Diagnostics — Gross Output constraints vs. results
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Results — Original vs. KRAS - Selected Variables

We calculate preleminary results with four different satellite accounts:

» Air Emissions particular matter PM-10. Source: Edgar, Eurostat, OECD
» GHG: Source: Edgar, Eurostat, OECD

» Forced Labor: Walk Free Foundation, ILO

» Child labor: Source: ILO, UNICEF




Results — Original vs. KRAS - Selected Variables
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Results — Original vs. KRAS — Selected Variables
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Conclusion

We apply the KRAS methodology on Figaro with a given set of conflicting contraints.
» Deviation of results from constraint input is as expected

» Empirical results using a set of four different satellite accounts indicate a strong deviation of footprints
from the original FIGARO version.

» The deviation is especially strong for impact categories occurring mainly in Rest-of-the-World
countries.

» Hence, a better understanding of trade relationships with developing countries is key to
understanding social and environmental impacts.
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