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Error correlation in input-output frameworks

Rationale

Today, many frameworks for environmental and sustainability assessment utilise
input-output techniques (Forssell and Polenske 1998). These techniques are based on
input-output analysis, a discipline founded by Nobel Prize Laureate Wassily Leontief
in the 1940s (Leontief 1936). Since its invention, numerous analysts in academia,
industry and government alike, use input-output analysis for economic and
environmental studies (Foran, Lenzen et al. 2005; Foran, Lenzen et al. 2005). More
than 100 countries worldwide regularly publish input-output tables, according to
guidelines governed by the (United Nations Department for Economic and Social
Affairs Statistics Division 1999).

More recently, users of environmental assessments are increasingly asking for
uncertainty appraisals to be provided along with main findings. In any quantitative
study, this requires uncertainty techniques to be applied.

There are a number of examples that demonstrate state-of-the-art uncertainty analysis,
however these are still the exception. The rationale of this project is to contribute to
the advancement of uncertainty calculus in environmental analysis.

Research question

Soon after Leontief’s initial publications, researchers started to apply uncertainty
calculus to input-output analysis. One prominent technique that has been utilised is
Monte-Carlo analysis (Bullard and Sebald 1988). This is because researchers
recognised that Leontief’s basic input-output relationship x = (I — A)™y, linking final
demand y with gross output requirements X, cannot be differentiated analytically with
regard to single elements A;; of A (Quandt 1958; Quandt 1959; Bullard and Sebald
1977).

In the majority of Monte-Carlo analyses of input-output systems, researchers have
assumed that the uncertainty of basic input-output data can be formulated in terms of
normally distributed, uncorrelated, stochastic errors, with defined standard deviations
(Quandt 1958; Goicoechea and Hansen 1978; Hanseman and Gustafson 1981,
Hanseman 1982; Lenzen 2001). These standard deviations are sourced for
components of y and of A, and used for perturbing y and A to y* and A*. From the
latter, perturbed input-output multipliers m* = (1 - A*)™* are calculated, and compared
with the initial multipliers m = (1 — A)* (Sakai, Tanno et al. 2000). Relative standard
deviations Am = (m * —m) / m for these multipliers are then estimated from typically
many thousand perturbation runs (Evans 1954; Park 1973; Bullard and Sebald 1977).

However, due to the data collection procedures followed in national statistical
agencies, it is likely that deviations from mean of a particular input-output data point
are neither normally distributed, nor uncorrelated (Stevens and Trainer 1980; Park,
Mohtadi et al. 1981; Rey, West et al. 2004). This project will focus on these two
assumptions.
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Tasks

For the example of the Australian input-output system (Australian Bureau of Statistics
2004; Australian Bureau of Statistics 2004; Australian Bureau of Statistics 2005), this
project will test the influence of

a) error data that is distributed other than normally, and

b) correlation structures between the errors of certain entries A;j in A,
on resulting standard deviations Am for input-output multipliers (West 1986; Jackson
and West 1989; Kop Jansen 1994; Ten Raa and Steel 1994).

For examples, it will be assumed that the errors of a particular entry A;; of A are partly
correlated with other entries A in the same rows, and other entries Ay in the same
columns. Such a correlation will likely increase overall errors of multipliers compared
to the fully uncorrelated case.

Particular tasks:

e Literature review of approaches to uncertainty calculus applied to input-output
systems;

e Collection of information on the distribution and correlation of errors in
Australian National Accounts data;

e Tailoring of existing Monte-Carlo code to include distributions other than
normal, and partial error correlation;

e Calculation of revised multiplier error estimates;

e Preparation of a manuscript for submission to an international, peer-reviewed
journal such as Economic Systems Research, or Journal of Regional Science.

Results

The results of this project will be valuable, because they will cast light on the question
whether traditional assumptions of uncorrelated, normally distributed raw data errors
lead to uncertainty estimates of environmental assessment results that are too low, and
hence provide decision-makers using these results with expectations that are too
optimistic in terms of analytical reliability.

Skills required

Good understanding of matrix algebra

Understanding of basic statistics, such as distributions
Programming in MatLab, FORTRAN or C

Basic understanding of economics, or willingness to learn
Good scientific writing style

Supervisor
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Further reading

For a basic overview of input-output analysis, see the Introduction in Vol. 1 of (Foran,
Lenzen et al. 2005), or read (Duchin 1992; Dixon 1996; Forssell and Polenske 1998).
For a historical overview of input-output analysis, see (Rose and Miernyk 1989).

For approaches to uncertainty analysis of input-output systems other than Monte-
Carlo, see (Zadeh 1967; Sonis and Hewings 1989; Sonis and Hewings 1995).

For examples of Monte-Carlo algorithms, see (Peters 2007).

For examples how uncertainty analysis is important in Life-Cycle Assessment (LCA),
see (Morgan, Morris et al. 1984; Hoffmann, Weidema et al. 1994; Huijbregts 1998;
Huijbregts 1998; Hofstetter 2000; Nansai, Tohno et al. 2001; Yoshida, Ishitani et al.
2001; Yoshida, Ishitani et al. 2002; Lenzen 2006).

References

Australian Bureau of Statistics (2004). Australian National Accounts, Input-Output
Tables, 1998-99. Canberra, Australia, Australian Bureau of Statistics.
Australian Bureau of Statistics. (2004). "Australian National Accounts, Input-Output

Tables, 1998-99, IOPC 8-digit Commaodity Cards."

Australian Bureau of Statistics. (2005). "Australian National Accounts, Input-Output
Tables, 1998-99, Commodity Details."”

Bullard, C. W. and A. V. Sebald (1977). "Effects of parametric uncertainty and
technological change on input-output models.” Review of Economics and
Statistics L1X: 75-81.

Bullard, C. W. and A. V. Sebald (1988). "Monte Carlo sensitivity analysis of input-
output models.” The Review of Economics and Statistics LXX(4): 708-712.

Dixon, R. (1996). "Inter-industry transactions and input-output analysis." Australian
Economic Review 3'96(115): 327-336.

Duchin, F. (1992). "Industrial input-output analysis: implications for industrial
ecology." Proceedings of the National Academy of Science of the USA 89:
851-855.

Evans, W. D. (1954). "The effect of structural matrix errors on interindustry relations
estimates.” Econometrica 22: 461-480.

Foran, B., M. Lenzen, et al. (2005). Balancing Act - A Triple Bottom Line Account of
the Australian Economy. Canberra, ACT, Australia, CSIRO Resource Futures
and The University of Sydney.

Foran, B., M. Lenzen, et al. (2005). "Integrating Sustainable Chain Management with
Triple Bottom Line Reporting." Ecological Economics 52(2): 143-157.

Forssell, O. and K. R. Polenske (1998). "Introduction: input-output and the
environment." Economic Systems Research 10(2): 91-97.

Goicoechea, A. and D. R. Hansen (1978). "An input-output model with stochastic
parameters for economic analysis.” AIIE Transactions 10: 291-295.

www.isa.org.usyd.edu.au Page 4 of 6




Hanseman, D. J. (1982). "Stochastic input-output analysis: a simulation study."
Environment and Planning A 14(11): 1425-1435.

Hanseman, D. J. and E. F. Gustafson (1981). "Stochastic input-output analysis: a
comment." Review of Economics and Statistics 63(3): 468-470.

Hoffmann, L., B. P. Weidema, et al. (1994). Statistical analysis and uncertainties in
relation to LCA. Copenhagen, Denmark, Nordic Council of Ministers.

Hofstetter, P. (2000). The different levels of uncertainty assessment in LCIA. An
international workshop of life cycle impact assessment sophistication. J. C.
Bare, H. A. Udo de Haes and D. W. Pennington. Cincinnati, USA, National
Risk Management Research Laboratory, U.S. Environmental Protection
Agency: 38-40.

Huijbregts, M. A. J. (1998). "Application of uncertainty and variability in LCA. Part
I: A general framework for the analysis of uncertainty and variability in life
cycle assessment.” International Journal of Life Cycle Assessment 3(5): 273-
280.

Huijbregts, M. A. J. (1998). "Application of uncertainty and variability in LCA. Part
I1: Dealing with parameter uncertainty and uncertainty due to choices in life
cycle assessment.” International Journal of Life Cycle Assessment 3(5): 343-
351.

Jackson, R. W. and G. R. West (1989). Perspectives on probabilistic input-output
analysis. Frontiers of Input-Output Analysis. R. E. Miller, K. R. Polenske and
A. Z. Rose. New York, USA, Oxford University Press: 209-221.

Kop Jansen, P. S. M. (1994). "Analysis of multipliers in stochastic input-output
systems." Regional Science and Urban Economics 24(1): 55-74.

Lenzen, M. (2001). "Errors in conventional and input-output-based life-cycle
inventories.” Journal of Industrial Ecology 4(4): 127-148.

Lenzen, M. (2006). "Uncertainty of end-point impact measures: implications for
decision-making." International Journal of Life-Cycle Assessment 11(3): 189-
199.

Leontief, W. (1936). "Quantitative input and output relations in the economic system
of the United States.”" Review of Economics and Statistics 18(3): 105-125.

Morgan, M. G., S. Morris, et al. (1984). "Technical uncertainty in quantitative policy
analysis: a sulfur air pollution example.” Risk Analysis 4: 201-216.

Nansai, K., S. Tohno, et al. (2001). "Uncertainty of the embodied CO, emission
intensity and reliability of life cycle inventory analysis by input-output
approach.” Energy and Resources 22(5): (published by the Japan Society of
Energy and Resources, in Japanese).

Park, S.-H., M. Mohtadi, et al. (1981). "Errors in regional nonsurvey input-output
models: analytical and simulation results.” Journal of Regional Science 21(3):
321-339.

Park, S. (1973). "On input-output multipliers with errors in input-output coefficients.
Journal of Economic Theory 6(4): 399-403.

Peters, G. (2007). "Efficient algorithms for Life Cycle Assessment, input-output
analysis, and Monte-Carlo analysis.” International Journal of Life Cycle
Assessment 12(6): 373-380.

Quandt, R. E. (1958). "Probabilistic errors in the Leontief system." Naval Research
Logistics Quarterly 5(2): 155-170.

Quandt, R. E. (1959). "On the solution of probabilistic Leontief systems." Naval
Research Logistics Quarterly 6(4): 295-305.

WWW.isa.org.usyd.edu.au Page 5 of 6




Rey, S. J., G. R. West, et al. (2004). "Uncertainy in integrated regional models."
Economic Systems Research 16(3): 259-277.

Rose, A. and W. Miernyk (1989). "Input-output analysis: the first fifty years."
Economic Systems Research 1: 229-271.

Sakali, S., S. Tanno, et al. (2000). Uncertainty analysis for 1/0 analysis using
perturbation method. The Fourth International Conference on EcoBalance,
Tsukuba, Japan.

Sonis, M. and G. J. D. Hewings (1995). "Matrix sensitivity, error analysis and
internal/external multiregional multipliers." Hitotsubashi Journal of
Economics 36(1): 61-70.

Sonis, M. and J. J. D. Hewings (1989). Error and sensitivity input-output analysis: a
new approach. Frontiers of Input-Output Analysis. R. E. Miller, K. R.
Polenske and A. Z. Rose. New York, USA, Oxford University Press: 232-244.

Stevens, G. and G. A. Trainer (1980). Error generation in regional input-output
analysis and its implications for nonsurvey models. Economic Impact
Analysis: Methodology and Applications. S. Pleeter. Boston, USA, Martinus
Nijhoff Publishing: 68-84.

Ten Raa, T. and M. F. J. Steel (1994). "Revised stochastic analysis of an input-output
model." Regional Science and Urban Economics 24(3): 361-371.

United Nations Department for Economic and Social Affairs Statistics Division
(1999). Handbook of Input-Output Table Compilation and Analysis. New
York, USA, United Nations.

West, G. R. (1986). "A stochastic analysis of an input-output model." Econometrica
54(2): 363-374.

Yoshida, Y., H. Ishitani, et al. (2002). "Reliability of LCI considering the
uncertainties of energy consumptions in input-output analyses." Applied
Energy 73: 71-82.

Yoshida, Y., H. Ishitani, et al. (2001). "Evaluation of uncertainty in LCA based on
input-output analysis.”" Technology 8(S1).

Zadeh, L. A. (1967). "Fuzzy sets." Information and Control 8: 338-353.

WWW.isa.org.usyd.edu.au Page 6 of 6




