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Chapter 9
On the Sensitivity of Impact Estimates
for Fixed Ratio Assumptions

Johannes Többen and Jan Oosterhaven

Abstract Firms react to shortages in the supply of their inputs by looking for
substitutes. We investigate the impact of finding such substitutes on estimates of
the size of regional and national disaster impacts. To investigate this issue, we use
the German multiregional supply-use table (MRSUT) for 2007, together with data
on the direct impacts of the 2013 heavy floods of the German Elbe and the Danube
rivers. Our analysis starts with a non-linear programming model that allows for
maximum substitution possibilities. In that case there are little to no indirect damages
in the directly affected regions, whereas negative indirect impacts of a magnitude of
5–7% and of up to 34% of the direct impact occur in other German regions and
abroad, respectively. Adding the increasingly less plausible fixed ratios commonly
used in standard Type I and extended Type II multiregional input-output and
MRSUT models, results in (1) substantial increases in the magnitude of negative
indirect impacts and (2) a significant shift in the intra-regional versus interregional
and international distribution of these impacts. Our conclusion is that both demand-
driven and supply-driven input-output and supply-use models tend to grossly over-
state the indirect damages of negative supply shocks, which are part and parcel of
most disasters.

9.1 Introduction

The core economic property of most disasters is that it primarily constitutes a shock
to the supply-side of the economy. Most naturally, economic actors that are
subjected to a negative shock in the supply of their intermediate, land, capital or
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labour inputs will react by looking for substitutes. Whether they are able to find such
substitutes at acceptable prices determines whether or not they will have to diminish
or even stop their production and sales. Consequently, besides the negative impacts
on directly affected actors, other actors delivering the substitutes will experience
positive impacts, while the size of the negative impacts on actors that are faced with
supply shortages mainly depends on their ability to substitute for their lacking
inputs. Hence, estimates of the size of an important part of both the positive and
the negative wider economic impacts of disasters will strongly depend on the
assumptions made with regard to the ease with which various actors are able to
find such substitutes.
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Different models make different assumptions in this regard. Typically, input-
output (IO) and supply-use (SU) models assume that firms, governments and
households purchase their inputs in fixed proportions, whereas computable general
equilibrium (CGE) models assume that substitution is possible and that some types
of substitution are more easily made than others, which is reflected in using different
substitution elasticities. Recently, Koks et al. (2015) compared the regional and
national disaster impacts of two flooding scenarios for the Italian Po river delta, as
estimated with, respectively, the adaptive regional input-output (ARIO) model
developed by Hallegate (2008), a regionalized version of the CGE model developed
Standardi et al. (2014), as applied in Carerra et al. (2015), and the multi-regional
impact assessment (MRIA) model of Koks and Thissen (2016). Both with a convex
and with a linear recovery path, the fixed ratio ARIO approach predicts national
economic losses that are 1.5–3 times larger than those of the more flexible MRIA
and CGE models. With a concave recovery path, the ARIO model outcomes are
4.5–7 times larger than those of the MRIA model and almost 6 times larger than
those of the CGE approach. Without the mitigating positive impact of the recovery
path assumptions, the differences would be even larger.

Standard demand-driven IO models, which includes the widely used
Inoperability IO model (IIM, Santos and Haimes 2004; Santos 2006; Anderson
et al. 2007), can be expected to generate even larger indirect impacts for basically
two reasons. Firstly, when one makes an attempt to analyse supply shocks, it is
necessary to transform the supply shock into a shock to final demand. Oosterhaven
(2017) shows that the transformation typically used in IIM applications causes
double-counting and, hence, inflated indirect impact estimates. Secondly, the
assumptions of fixed ratios, especially regarding trade origins, underlying these
models exclude any adaption possibilities. Nonetheless, the IIM appears to be the
most widely used model for disaster impact studies. The main reason for this might
be its much lower data requirements compared to the above mentioned approaches,
especially compared to CGE models. In fact, the advantage of spatial CGE models
(cf. Tsuchiya et al. 2007), in terms of allowing for substitution effects, requires the
availability of all kinds of elasticities. Moreover, modelling impacts in the short run
as opposed to the long run requires different versions of the model, as short run
substitution elasticities are much closer to zero than their longer run equivalents
(Rose and Guha 2004).
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In a recent application to the Danube and Elbe flooding 2013 in Germany,
Oosterhaven and Többen (2017) find that the simplicity of standard IO models
comes at a price, as they show that fixed trade origin and fixed industry market
shares lead to significantly inflated indirect impact estimates compared to the base
non-linear programming (NLP) model proposed in Oosterhaven and Bouwmeester
(2016). This base model has been developed with the goal to allow for a more
realistic representation of the adaption behaviour of economic actors at research
costs, in terms of data requirements, that are comparable to those of standard IO
models. This is achieved by assuming that, in the event of a disaster, economic actors
try to maintain their old transaction patterns as much as possible. In addition, their
NLP model allows for accounting for supply shocks directly, without the need for
any transformation, by setting constraints on production capacities of directly
affected industries.

Interpreting the differences in outcomes between all these different models,
however, is problematic as it is almost impossible to attribute the total difference
to all the individual aspects that differ between each of them. In this chapter we
approach this problem by working with a single model, i.e., the one proposed in
Oosterhaven and Bouwmeester (2016), which allows for maximum substitution
flexibility, and by sequentially adding increasingly less plausible fixed ratios to
this base model. In this way, the cumulative impact of each individual fixed ratio
becomes separately clear. The NLP model that is used as the base model will be
discussed in Sect. 9.2, along with the multi-regional supply-use (MRSU) accounting
framework to which it is applied, and the four simultaneously occurring heavy
German floods of 2013 that are simulated with this model. The various fixed ratios
that are most often used in the literature are discussed in Sect. 9.3, while Sect. 9.4
discusses the impact of sequentially adding these fixed ratios to the base model.
Section 9.5 concludes that economies that possess maximal flexibility (resilience)
will experience only little wider economic damages, whereas assuming all kind of
fixed ratios substantially increases the magnitude of wider economic impact esti-
mates, while it substantially changes its spatial distribution. In an Appendix we
discuss the similar results that occur when the fixed ratios of a supply-driven MRSU
model are added to our base model.

9.2 Accounting Scheme, Base Model and Disaster Scenarios

All eight models used here are calibrated on the use-regionalized multi-regional
supply-use table (MRSUT) for Germany for 2007 (Többen 2017a, Ch. 4), with value
added split-up in regional labour income and other value added, and domestic final
demand split-up in consumption from regional labour income and other regional
final demand. In order to keep the computational requirements at a reasonable level
the MRSUT covering the 16 German states is aggregated to 12 industries and
19 products. See Table 9.1 for the set-up of this database.
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The symbols in Table 9.1 and in the upcoming equations have the following
meaning, with bold faces indicating vectors and matrices, and italics indicating
scalars:

vrip Vr supply of product p by industry i in region r ( origin),
urs
pi 2 Urs ¼ use of product p from region r by industry i in region s (¼

destination),
yrsp yrs use of product p from region r by households working and living in s,
f rsp frs use of product p from region r by other final demand in region s,
erp er foreign exports of product p by region r,
l ri lr labour compensation by industry i in region r,
wr
i wr other value added of industry i in region r,

gr
p gr total supply total demand of product p by region r,

xri xr total output total input by industry i in region r,

uRoW , s
pi Urow, s foreign imports of product p by industry i in region s,

yRoW , s
p 2 yRoW, s ¼ foreign imports of product p of households working and living

in region s,

f RoW , s
p fRoW, s foreign imports of product p for other final demand in region s,

The base model uses the minimal amount of assumptions possible. First, it
assumes that market prices react such, to the disaster-induced shocks to the supply
and demand of products, that the accounting identities of the MRSUT are
maintained. Second, it assumes that all economic actors try to maintain their old
pattern of economic transactions as much as possible (see Oosterhaven and
Bouwmeester 2016, for an extended discussion of this approach, and Oosterhaven
and Többen 2017, for a first application with a MRSUT accounting framework).

To simulate the consequences of assumption that all economic actors try to
maintain their pre-disaster pattern of economic transactions, as much as possible,
the objective function of our non-linear programming (NLP) model minimizes the
information gain of the transaction values of the post-disaster MRSUT, compared to
the corresponding values of the pre-disaster MRSUT, which are indicated by the
superscripts ex:

Minimize
X r

ip
v rip ln

vrip
vr,exip

– 1

 ! !
þ
X rs

pj
u rs
pj ln

urs
pj

urs,expj

– 1

 ! 

þ
X rs

p
y rsp ln

yrsp
yr,exp

– 1

⎛ ⎞⎛ ⎞
þ
X rs

p
f rsp ln

f rsp
f r,exp

– 1

 ! 

þ
X r

p
e rp ln

erp
er,exp

– 1

⎛ ⎞⎛ ⎞
þ
X r

i
l ri ln

l ri
lr,exi

– 1

⎛ ⎞⎛ ⎞

þ
X r

i
wr
i ln

wr
i

wr,ex
i

– 1

⎛ ⎞⎛ ⎞
ð9:1Þ
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In all scenarios this objection function is minimized subject to three accounting
type constraints.

First, we assume that prices change in such a way that the economy remains in
market equilibrium, i.e., we assume that supply equals demand by product by region:

X
i
v rip ¼

X s

i
u rs
pi þ

Xs
y rsp þ

Xs
f rsp þ erp ,8p, r ð9:2Þ

This means that all variables represent quantities measured in pre-disaster (base
year) prices. Implicitly, we also assume in (9.2) that the ultra-short run adaptation
possibilities of depleting stocks of inputs have already taken place or are impossible,
as is the case with most services. This assumption assures that total sales, i.e., the
second term of (9.2), equals total output.

Second, we assume total output equals total input by regional industry:

X
p
v sip ¼

X r

p
urs
pi þ l si þ ws

i , 8i, s ð9:3Þ

Note that these two constraints represent the equality of the corresponding rows
and columns of Table 9.1.

Third, we assume that total consumption from labour income is tied to total labour
income by region:

X r

p
y rsp ¼ hs

X
i
l si ,8s ð9:4Þ

where hs ¼ r
p y

rs,ex
p = il

s,ex
i denotes the ratio of total household consumption from

labour income of people living and working in region s to total labour income of the
same people in the pre-disaster MRSUT. Note that hs ¼ (1 – ts), where ts is the
labour income tax rate plus savings rate of these households. Consequently, (9.4)
assumes that households living from labour incomes are not able to change their
(anyhow small) savings rate and that government will not change its tax rate in face
of a disaster. Moreover, (9.4) implies that the labour income accruing to commuters
is part of Other value added in region s, while the consumption expenditures of
commuters are part of Other final demand in other regions r 6¼ s. Strictly taken, (9.4)
is neither an accounting identity nor a market equilibrium condition. Instead, it
models the budget constraint of regional households that only have regional labour
incomes as income source, which represents the majority of all regional households
(Többen 2017b).

When the base model (9.1)–(9.4) is run to simulate the pre-disaster equilibrium,
the 2007 MRSUT for Germany is reproduced exactly, as it should. The outcomes for
regional and national total output as well as for foreign exports in this base scenario
will be compared with two main disaster scenarios, namely, with the 2013 heavy
flooding of the Danube and its tributaries, which directly impacted the German
region of Bayern, and with the 2013 heavy flooding of the Elbe and its tributaries,
which directed impacted the German regions of Sachsen, Sachsen-Anhalt and



Thüringen (see Oosterhaven and Többen 2017, for details). However, for the Elbe
flooding we do not treat all of the three directly affected regions simultaneously, but
rather compute outcomes for the direct shocks to one of the regions separately. We
do so in order to prevent that the indirect impacts triggered by each region’s direct
impact offset each other. In this way, we actually defined four independent disaster
scenarios.
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We assume that the flooding imposes constraints on the production capacities of
industries in the directly affected regions. These direct damages to production
capacities are modelled by:

xdd ≤ 1– γ dd
( )

xd,exd ð9:5Þ

where d indicates the directly impacted industries and γ dd their capacity loss rates.
The direct loss of production capacities is taken from Schulte in den Bäumen et al.
(2015), where they are estimated by means of monthly data about the number of
workers working “less than normally” by region and industry.

Generally, such indirect approaches to estimate the direct impact of a disaster are
not ideal, as they are based on assumptions, whose impacts are difficult to assess. In
our case, our estimate of the direct impact may very well include some indirect
impacts too. In his critique of disaster impact analysis, Albala-Bertrand (2013)
distinguishes three stages to arrive at a conclusion, namely, input data, modelling
technique and interpretation of results, whereby assumptions made at each stage
compound the assumptions made at former stages. This chapter examines the role of
modelling assumptions typically used in standard demand- and supply-driven IO and
SU models given an arbitrary direct shock to the supply-side of an economy. In the
sense of this hierarchy, we, thus, only deal with those assumptions added at the
second tier of the whole assumption-compound, while taking the errors made in the
first tier for granted.

9.3 Adding Fixed Ratios to the Base Model

Next, we describe the fixed ratios that we will cumulatively add to the base scenario
(9.1)–(9.5), in the order in which we consider them less and less plausible.

First, we add fixed intermediate and primary technical coefficients for each
industry in each region, i.e., we assume that firms minimize their cost under a
Leontief-Walras production function, which gives (Oosterhaven 1996):

Xr
u rs
pi ¼ a*spi x

s
i ,8p, i, s, l si ¼ bs

i x
s
i ,8i, s, and ws

*i ¼ csi x
s
i , 8i, s ð9:6Þ

where a*spi denote technical intermediate input coefficients, i.e., intermediate inputs
regardless of their spatial origin per unit of output,bs

i denote regional labour incomes
per unit of output, and csi denote other value added per unit of output, witha

*s
pi , b

s
i and



Pr , , , ,csi being calculated from the 2007 MRSUT as a*spi ¼ urs ex
pi =xs ex

i , bs
i ¼ ls ex

i =xs ex
i

and csi ¼ ws,ex
i =xs,exi . Note that

P
pa

*s
pi þ bs

i þ csi ¼ 1, 8i, s, by definition. Thus, (9.6)
assumes that technical substitution of, e.g., metal subparts for plastic subparts, to be
impossible. In the short run after a disaster this is a very reasonable assumption.
However, the longer the period after a disaster, the less plausible this assumption
becomes.
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Second, we add fixed trade origin coefficients for intermediate inputs, which are
commonly used in all demand-driven MRIO and MRSU models (cf. Oosterhaven
1984). As the data are available, we use the cell-specific, so-called interregional
version of this assumption (Isard 1951), instead of the less data demanding
row-specific, so-called multi-regional version (Chenery 1953; Moses 1955). For-
mally, the cell-specific version is written as

t rspi ¼ urs
pi=u

*s
pi , 8r, s, p, i ð9:7Þ

where t rspi ¼ trade origin shares, i.e., use of product p from region r per unit of total
use of product p by industry i in region s. These shares are calculated from the
MRSUT, with

Prt rspi ¼ 1 by definition, as r includes RoW. The row-specific version
of (9.7) assumes that the trade origin shares for all purchasing industries i in region s
are equal.

The assumption of fixed trade origin ratios extends the fixed technology ratios
(9.6) to the geographical origin of intermediate inputs (cf. Oosterhaven and Polenske
2009). In the context of negative demand shocks, it is more or less plausible to
assume that firms proportionally purchase less inputs from all their established
suppliers. In the case of a negative supply shock, however, firms will immediately
search for different sources for their inputs. In an extreme case, assuming fixed trade
origin ratios implies that firms have to shut down their own production completely if
only one of their suppliers is not able to deliver the required inputs. Hence, this
assumption definitely leads to overstating the negative impacts of disasters.

Note that, from a calculation point of view, it is not efficient to add both (9.6) and
(9.7) to the base scenario (9.1)–(9.5). It more efficient to combine (9.6) and (9.7),
which gives:

urs
ij ¼ ars

ij x
s
j 8r, s, i, j ð9:8Þ

with ars
ij representing the fixed interregional input coefficients.

Third, the assumption of fixed industry market shares is commonly used in input-
output (IO) models based on industry-by-industry transaction matrices, both in the
case when such models are based on supply-use tables (SUTs) and when they are
based on symmetric industry-by-industry IO tables. In the first case the assumption
needs to be made explicitly in order to derive an operational IO model (Oosterhaven
1984), while, in the second case, the assumption is implicitly embodied in the
symmetric IO table itself, which nowadays typically is derived from supply-use
accounts (see Miller and Blair 2009). Formally, this assumption is written as:



¼

¼
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vrip ¼ d r
ipg

r
p ,8i, p, r, ð9:9Þ

where d r
ip ¼market share of industry i in the regional supply of product p, calculated

from the MRSUT, with
P

id
r
ip 1:

While this assumption is plausible, to some extent, when used in the context of a
positive demand shock, it is highly implausible when the economy is faced with a
negative supply shock. This can be easily shown with an example. Assume the
extreme case where a certain product is produced by two industries only. Say that the
first industry provides 90% of the total supply, whereas the market share of the
second industry is only 10%. If this second industry is forced to shut down its
production because of a disaster while the first industry is unaffected, fixed market
shares would imply that the first industry will also not be able to sell that product.
Therefore, the assumption of fixed industry market shares can be expected to inflate
the outcomes of any model artificially.

The assumptions (9.8) and (9.9) together present the combination of fixed ratios
used by the basic interregional IO model and the interregional Inoperability IO
Model (IIM), which are equivalent (Dietzenbacher and Miller 2015).

Fourth, we cumulatively add the assumption for household consumption from
labour incomes that corresponds with the fixed technical coefficients for intermedi-
ate demand, namely fixed technical consumption package coefficients:

Xr
y rsp ¼ ps

pyy
*s
* ,8s, p ð9:10Þ

where ps
py denote technical package coefficients (i.e., household consumption of

product p regardless of its spatial origin per unit of total household consumption),
with the ps

j being calculated from the base-year MRSUT as ps
py ¼

Pryrs,expy =y*s,ex* ,
with

P
pp

s
py ¼ 1. We consider assuming fixed ratios for consumption demand much

less plausible than assuming fixed ratios for intermediate demand, as their nature is
more behavioural than technical, although private cars, of course, also cannot drive
without gasoline. More importantly, in face of a severe drop in income, households
will consciously change their consumption in the direction of consuming relatively
more food and shelter.

Fifth, we add fixed consumption trade origin shares for household consumption
demand:

t rspy ¼ yrsp =y
*s
p ,8r, s, p ð9:11Þ

where t rspy¼ trade origin shares, i.e., household consumption of product p from region
r per unit of total household consumption of product p in region s. These shares are
calculated from the MRSUT, with

Prt rspy 1, by definition, as r includes RoW.
Again, for calculation efficiency reasons, we do not add both (9.10) and (9.11) to

the earlier set of fixed ratios, but instead add their combination, i.e., fixed
interregional consumption package coefficients:



¼
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yrsp ¼ prs
py y

*s
* , 8r, s, p ð9:12Þ

where prs
py ¼ yrs,exp =y*s,ex* denotes household consumption of product j from region

r per total consumption of households in region s, with
P r

j p
rs
j 1.

The assumptions (9.8)–(9.9) plus (9.12), in fact, represent the combination of fixed
ratio assumptions of the extended (i.e., Type II) interregional IO and IIM models.

Sixth and seventh, we add the same two assumption, as (9.10) and (9.12), for
other regional final demand, namely fixed technical package coefficients,

Xr
f rsp ¼ ps

pf f
*s
* , 8s, p ð9:13Þ

and fixed interregional package shares:

f rsp ¼ prs
pf f

*s
* ,8r, s, p ð9:14Þ

These two assumptions are not commonly found in the disaster impact literature.
Probably because they are very implausible. Other regional final demand comprises
of government consumption demand, and government and private investment
demand. Each of these three types of demands will react very differently to supply
shocks. In all cases, this will imply a conscious change in the composition of each
type of demand, which is why assuming fixed (technical or trade) ratios is very
unrealistic. Only in the case of government consumption demand, assuming fixed
technical package coefficients will have some credibility, as bureaucrats will still
need their bureaus, computers and papers in combination.

9.4 Impacts of Fixed Ratios on Modelling Outcomes

The comparison of running the cumulatively extended base model for the four
flooding scenarios with the base scenario (9.1)–(9.4) is made in terms of the ratio
of the regional and national indirect impacts to the direct impacts on gross output.
The regional ratios are defined as:

MR,d ¼
X

i
xd,exi – xdi – γ di x

d,ex
i

( )
=
X

i
γ di x

d,ex
i , 8d ð9:15Þ

where the numerator measures the indirect change in regional gross output in the
flooded region, while the denominator measures the direct loss of gross output due to
the floods in that same region. The corresponding national ratios are defined as:

MN,d ¼
X s

i
xs,exi – xsi

⎛ ⎞
–
X

i
γ di x

d,ex
i

⎛ ⎞
=
X

i
γ di x

d,ex
i , 8d ð9:16Þ



where the numerator represents the indirect change in national gross output due to
the flooding in region d.

Impacts in permilles on Bayern

¼
– – – –

– – – –
– – – –

– – – –
– – – –

– – – –

– – – –

– – – –
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The first row of Tables 9.2, 9.3, 9.4 and 9.5 shows these ratios for the flooding of,
respectively, the Danube in Bayern and the Elbe in Sachsen, Sachsen-Anhalt and
Thüringen, separately, under the assumption of maximal economic flexibility. Most
remarkable is the very small size of all indirect impacts and especially of those
occurring in the directly affected regions. While the floods cause zero (or close to
zero) intra-regional indirect impacts, the effect on other German regions is in the
range of about 5–7% of the size of the direct shock (i.e., loss of production capacity).
Apart from Thüringen, the drop of foreign exports is much larger compared to the
effects occurring in Germany itself. The very small positive indirect impacts in the
not directly affected regions suggest that the loss of intermediate inputs is predom-
inantly substituted by increasing the foreign imports and decreasing the foreign
exports. This indicates that economies with a very high degree of economic flexi-
bility, as assumed in (9.1)–(9.5), will experience negligible indirect economic
damages of whatever disaster. Such economies obviously need to direct their
attempts to reduce the overall cost of disasters at diminishing their direct cost, and
leave the size of the indirect cost to the market.

The second to fourth row show the indirect impacts for adding the first set of fixed
ratios, which, taken together, constitute the assumptions used in Type I multi-
regional IO and SU models.

Surprisingly, adding fixed technical coefficients (second row) has no impact of
scale of indirect impacts in the case of the Danube flooding in Bayern, neither in
Bayern itself nor in the rest of Germany or abroad. In contrast, in the three,
economically less diversified and much smaller eastern German states fixed

Table 9.2 Indirect impacts in permilles of direct gross output impact of Danube floods, while
adding fixed ratios to the base model

Rest of Germany All of
Germany

Foreign
exportsNegative Positive

Ratios with max. Substitution
NLP base model (9.1)–(9.5)

1.7 51 0.11 52 338

+ fixed technical coefficients 1.7 51 0.11 52 338

+ fixed intermediate trade origin
ratios

9.1 82 0.10 91 447

+ fixed industry market sharesa 44.6 86 0.00 131 491

+ fixed consumption package
coefficients

44.6 86 0.00 131 505

+ fixed consumption trade origin
ratiosb

62.9 88 0.09 150 514

+ fixed other final demand pack-
age coeff.

69.9 96 0.08 166 540

+ fixed other final demand trade
origins

509.0 136 10.88 635 582

aThese three assumptions are used in Type I input-output and supply-use models
bThese five assumptions are used in Type II input-output and supply-use models



Impacts in permilles on Sachsen

¼
– – – –

– – – –
– – – –

– – – –
– – – –

– – – –

– – – –

– – – –

Impacts in permilles on

¼
– – –

– – – –
– – – –

– – – –
– – – –

– – – –

– – – –

– – – –

technical coefficients tend to increase intraregional indirect impacts and the drops of
foreign exports, but decrease negative indirect impacts occurring in the rest of
Germany. At the same time, some industries in the rest of Germany increase their
production, in order to compensate for the loss of inputs caused by, especially, the
floods in these three eastern states.
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Table 9.3 Indirect impacts in permilles of direct gross output impact of Elbe floods in Sachsen,
while adding fixed ratios to the base model

Rest of Germany All of
Germany

Foreign
exportsNegative Positive

Ratios with max. Substitution
NLP base model (9.1)–(9.5)

0.08 48 0.01 48 189

+ fixed technical coefficients 0.13 45 1.64 43 197

+ fixed intermediate trade origin
ratios

0.15 81 0.08 81 254

+ fixed industry market sharesa 22.66 80 0.37 103 260

+ fixed consumption package
coefficients

24.60 81 0.80 105 263

+ fixed consumption trade origin
ratiosb

26.11 96 1.00 121 284

+ fixed other final demand
package coeff.

101.10 189 90.99 199 289

+ fixed other final demand trade
origins

751.51 521 25.62 1247 264

aThese three assumptions are used in Type I input-output and supply-use models
bThese five assumptions are used in Type II input-output and supply-use models

Table 9.4 Indirect impacts in permilles of direct gross output impact of Elbe floods in Sachsen-
Anhalt, while adding fixed ratios to the base model

Sachsen-
Anhalt

Rest of Germany All of
Germany

Foreign
exportsNegative Positive

Ratios with max. Substitution
NLP base model (9.1)–(9.5)

0.00 65 0.07 65 250

+ fixed technical coefficients 0.00 61 0.96 60 257

+ fixed intermediate trade ori-
gin ratios

0.20 113 0.04 114 346

+ fixed industry market sharesa 8.88 115 0.06 124 374

+ fixed consumption package
coefficients

9.98 117 0.03 127 375

+ fixed consumption trade ori-
gin ratiosb

10.99 138 0.00 149 403

+ fixed other final demand
package coeff.

14.00 208 62.62 159 407

+ fixed other final demand
trade origins

552.88 605 16.17 1141 473

aThese three assumptions are used in Type I input-output and supply-use models
bThese five assumptions are used in Type II input-output and supply-use models



Impacts in permilles on Thüringen

¼
– – –

– – –
– – – –
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– – – –
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Table 9.5 Indirect impacts in permilles of direct gross output impact of Elbe floods in Thüringen,
while adding fixed ratios to the base model

Rest of Germany All of
Germany

Foreign
exportsNegative Positive

Ratios with max. Substitution
NLP base model (9.1)–(9.5)

0.00 67 0.09 67 5

+ fixed technical coefficients 0.00 63 0.59 62 7

+ fixed intermediate trade ori-
gin ratios

1.49 111 0.31 112 94

+ fixed industry market sharesa 6.47 116 0.13 122 142

+ fixed consumption package
coefficients

8.47 119 0.32 127 144

+ fixed consumption trade ori-
gin ratiosb

9.99 132 0.42 142 168

+ fixed other final demand
package coeff.

60.73 193 48.58 205 172

+ fixed other final demand trade
origins

445.48 504 14.20 934 228

aThese three assumptions are used in Type I input-output and supply-use models
bThese five assumptions are used in Type II input-output and supply-use models

When fixed origin-specific trade coefficients are added to the technical coeffi-
cients (third row), negative impacts occurring in the directly affected regions and in
the rest of Germany as well as abroad increase significantly. However, especially in
the three eastern states affected by the Elbe flooding, the intra-regional effects are
still very small compared to the impacts occurring in the rest of Germany and
particularly abroad. Compared to adding fixed technical coefficients only, the
strongest relative increase can be observed for intra-regional indirect impacts
followed by interregional impacts occurring in the rest of Germany and impacts to
foreign countries due to a drop of exports.

Adding fixed industry market shares, completes the set of assumptions on which
multi-regional Type I IO and SU models are build. This additional assumption leads
to the strongest increases in indirect disaster impacts in the directly affected regions
themselves compared to the cases discussed before. Intra-regionally, the indirect
impacts increase at least by a factor of about 4–5 in Thüringen and Bayern.
Nonetheless, compared to the indirect impact occurring in the Rest of Germany
and compared to the drop of exports, the intraregional effects are still small. In
Bayern, Sachsen-Anhalt and Thüringen the negative indirect effects in the Rest of
Germany increase only slightly by less than 5%, or, in the case of Sachsen, even
decrease by a small amount. Similarly, the increases in the drop of exports to foreign
countries are relatively small compared to the change in the scale in the intra-
regional impacts. In Bayern, Sachsen and Sachsen-Anhalt this increase is less than
10%, while only Thüringen shows a more significant drop of foreign exports of a
about 50%.
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The fifth and sixth rows of Tables 9.2, 9.3, and 9.4 show the outcomes of adding
fixed ratios for the final consumption of households. Fixed consumption package
and fixed consumption trade origin ratios taken together with the three earlier fixed
ratios constitute the assumptions of the multi-regional Type II input-output and
supply-use models.

Adding fixed consumption package coefficients (fifth row) results in very similar
outcomes compared to the case where fixed technical coefficients have been added to
the NLP base model (second row). Indeed, the intra-regional and interregional
effects caused by the Danube flooding in Bayern do not change at all, whereas the
impacts caused by the Elbe floods in Sachsen, Sachsen-Anhalt and Thüringen
increase only slightly. In Bayern, the only difference to adding fixed technical
coefficients is that the drops of foreign exports increase slightly, while it did not in
the case of adding fixed technical coefficients.

Adding fixed trade origin ratios for consumption expenditures leads to signifi-
cantly different outcomes in the four regions under study. In Bayern, especially the
intra-regional indirect impact increases strongly by about more than 40%, whereas
the changes in indirect impacts in the rest of Germany and on exports are much
smaller with less than 2% each. In Sachsen, by contrast, intraregional indirect
impacts only increase by about 6% and those on exports by about 7%, while the
increase in the indirect impact on the rest of Germany is the dominant one with about
18%. Sachsen-Anhalt shows a similar impact as Sachsen, although the change in the
interregional impacts of the former is not as dominant as that of the latter. In
Thüringen, finally, the increase in the intraregional impacts changes most with
about 17%. However, compared to Bayern the relative changes in interregional
indirect impacts and in impacts on exports to foreign countries are much stronger
with about 11% and 16.6% respectively.

The seventh and eighth rows, finally, show the outcomes, when fixed ratios on
other final demand are imposed in addition to the assumptions of the Type I and
Type II multiregional IO and SU models.

In the case of fixed other final demand package coefficients only relatively slight
increases of indirect disaster impacts can be observed for the Danube flooding in
Bayern. Compared to that the changes in the indirect impacts caused by the Elbe
floods in Sachsen, Sachsen-Anhalt and Thüringen are much different. First of all, the
intra-regional indirect impacts increase strongly. While this increase is relatively
moderate in Sachsen-Anhalt with about 27%, they are about four to six times larger
in Sachsen and Thüringen respectively. Strong increases can also be observed for the
negative indirect impacts on the rest of Germany, but contrary to cases before, these
negative impacts on some industries are now accompanied by significant positive
impacts on the output of other industries.

Whereas the indirect impacts observed before all have been significantly smaller
than what one would expect from Type I and Type II IO and SU models, adding
fixed other final demand trade origin ratios eventually generates results of the
expected order. In particular the indirect intra-regional impacts increase drastically
by a factor of about seven in Bayern, Sachsen and Thüringen and even become about
40 times larger in the case of Sachsen-Anhalt. Another remarkable outcome is that



the negative indirect interregional impacts also increase drastically due to the floods
in the three eastern German states by factors of about 2.6 in Thüringen to about 3 in
Sachsen-Anhalt. Compared to that, the increase in the negative interregional impacts
caused by the flooding in Bayern increases only moderately by about 40%.
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From these quite diverse outcomes observed for the four different regions two
main patterns can be deduced. Firstly, as expected, the more fixed ratios are added to
the model, the larger is the indirect impact felt in the directly affected regions
themselves, in the rest of Germany and abroad. Especially in the most extreme
case, fixed ratios lead to indirect impacts that are many times larger as in the case
with maximal substitution possibilities (i.e., the base model). Secondly, however,
our outcomes clearly show that the way in which these fixed ratios affect the
intraregional, interregional and international indirect impacts seems to depend
strongly on the economic structure of the region under study.

On the one hand, Bayern is by far the largest of the four economies with a strong
specialization on exports and as well as strong intra-regional interrelations of its
industries. As a consequence, this region shows the largest impact on exports to
foreign countries throughout all cases as well as the largest intra-regional indirect
effects. Compared to the other regions adding fixed ratios has the strongest impact on
the intra-regional output relative to the interregional and international output. In the
three eastern regions, on the other hand, the intra-regional interrelations are much
weaker and as a consequence the interregional effects caused by their flooding
remain dominant compared to the intra-regional impacts, except for the case of
added fixed other final demand trade origins in Sachsen.

Another remarkable difference between Bayern and the three eastern regions is
their reaction to fixed ratios imposed on consumption demand and other final
demand. Fixed ratios for consumption only results in a relatively small increase in
indirect impacts in the three eastern states, whereas the increase in indirect impacts in
Bayern is much stronger. For imposing fixed ratios on other final demand, the
opposite is true. The relative increase in indirect impacts is much larger in the eastern
states compared to that in Bayern. This can be explained by the degree to which
regional industries depend on final demand of households compared to other final
demand, which in particular contains the final demand of governments. As the three
eastern German regions are still economically underdeveloped, the latter makes out a
much larger share of total final demand compared to Bayern.

9.5 Conclusion

In this chapter we examined the impacts of the fixed ratio assumptions commonly
used in standard demand-driven Type I and extended Type II multiregional input-
output and supply-use models on the magnitude of indirect disaster impact estimates.
By adding increasingly less plausible fixed ratios to the base non-linear program-
ming model that allows for maximal substitution possibilities, we are able to



examine the relative contribution of each assumption to the magnitude of indirect
impacts. Our outcomes allow us to draw three main conclusions.1
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Firstly, a supply shock to a highly resilient economy does not cause significant
indirect impacts compared to the magnitude of the direct ones, as the possibility of
both producers and consumers to substitute lacking inputs mitigates the negative
cascading effects rippling through the interregional supply chains, and adds positive
impacts elsewhere. Since the accounting framework used here, is more detailed in
terms of value added and final demand, additional possibilities to adapt lead to even
smaller indirect impacts compared to a previous application of this model in
Oosterhaven and Többen (2017).

Secondly, we find that fixed ratio assumptions not only inflate the magnitude of
indirect impact estimates substantially, but that it also has a significant impact on the
spatial distribution of these impacts. While in the base model with maximum
substitution possibilities intra-regional indirect impacts make out only a negligible
portion of the total, adding fixed ratios shifts this portion more and more towards the
disaster regions themselves. Our findings suggest that the spatial distribution of these
impacts should be subject to further investigation.

Thirdly, our results also suggest that the consequences of a fixed ratio assumption
are highly dependent on the characteristics of the regions under study. The four
regions in our study are quite different in terms of economic size, strength of intra-
regional linkages and dependency on private consumption, other final demand and
regional exports. Therefore, disaster impact assessments require a realistic represen-
tation of the economy under study and of its interrelations with other economies. The
disaster itself is often bound to a relatively small geographic area at the subnational
level. At the same time, IO data at that level of spatial resolution is practically always
scarce, which highlights the importance of plausible regional supply-use data as a
prerequisite for realistic modelling outcomes.

Finally, similar to the outcomes in Oosterhaven and Többen (2017), our results
show that the indirect impacts of a disaster may be only a minor concern if sufficient
substitution possibilities exist. This implies that disaster impact mitigating policies
targeting at the enhancement of the resilience of an economy as a whole, may not be
justified, at least not in high-income countries such as Germany. Instead of focussing
on indirect impacts, emphasis should rather be put on policies mitigating and
preventing the negative direct impacts of disasters.

1Adding the extremely implausible fixed ratios of the newly formulated supply-driven multi-
regional supply-use model to the base NLP model, in the Appendix, leads to more or less
comparable conclusions.



9 On the Sensitivity of Impact Estimates for Fixed Ratio Assumptions 235

Appendix

A.1 Impact of Adding Supply-Driven Fixed IO and SU Ratios
to the NLP Model

A.1.1 A Supply-Driven Multiregional Supply-Use Model

The secondary question we investigate here, is whether adding the fixed ratios
assumed in the supply-driven IO model produces a different outcome compared to
adding the ratios of the demand-driven IO model, as discussed in the main text. First
and foremost, it needs to be reiterated that the original quantity interpretation of the
supply-driven IO model (Ghosh 1958) is generally considered extremely implausi-
ble (Oosterhaven 1988, 2012; Dietzenbacher 1997; DeMesnard 2009). In sum: the
single homogeneous input assumption of this model implies that cars may drive
without gasoline and factories may work without labour. Nevertheless, we discuss it
here because, especially, natural disasters primarily constitute a shock to the supply-
side of the economy, and because the name of this model suggests that it might be
suited to simulate the quantity impacts of supply shocks (see Crowther and Haimes
2005, for at least one disaster application).2

As our base model is calibrated on a use-regionalized MRSU table (labelled as
purchase only by Oosterhaven 1984, who describes a whole family of MRSUTs), we
first need to formulate a supply-driven MRSU model that fits these detailed data (see
Table 9.1). DeMesnard (2009) already formulated a supply-driven SU model for a
closed economy when he discussed the unfitness of the commodity technology
assumption while constructing a demand-driven SU model. Here, we will extend
his SU model to fit to a use-regionalized MRSUT. It will be the mathematical mirror
of the existing demand-driven MRSU model based on a use-regionalized MRSUT
(Oosterhaven 1984). For briefness sake, we put the model directly in matrix notation.

First, any change in the supply of exogenous primary inputs w´ or endogenous
intermediate inputs i´U of any regional industry leads to an equally large change in
its total input x´:

x′¼ i′Uþ w′ ð9:17Þ

where the vectors and matrices follow the layout of Table 9.1. In Eq. (9.17) all
inputs are treated as perfect substitute for one another, just as the demand-driven
model assumes that all outputs are perfect substitutes for one another.

Second, any change in total inputs x´ leads to an equally large change in the total
supply of products by that industry Vi, while the latter are produced in a fixed
product mix:

2Dietzenbacher’s (1997) reinterpretation of the Ghosh model as a cost-push price model that is
equivalent to the Leontief (1951) price model is irrelevant here, as disaster impact studies are
primarily interested in the volume changes in the economy and not in the price changes.
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V ¼ bx M ð9:18Þ

where mr
ip 2 M is calculated from the base-year MRSUT as vr,exip =xr,exi . Note that

Eq. (9.18) may technically be only realistic in case of some chemical industries. For
other industries it must be based on the wish to service all purchasers proportionally,
irrespective of their demand, which consequently is assumed to be perfectly elastic,
just as the demand-driven model assumes supply to be perfectly elastic (Oosterhaven
1996, 2012).

Third, any change in the regional supply of any product i´V leads to an equally
large change in the total supply g of that product:

g′¼ i′V ð9:19Þ

Fourth, any change in the total regional supply of any product leads to a
proportional increase (i.e., with fixed allocation coefficients) in the use of that
product by all industries U and the use of that product by all final demand categories
Y. Here a distinction between technical allocation coefficients B and spatial alloca-
tion coefficients Tg clarifies the multi-regional nature of the extension of the closed
single-region SU model:

U ¼ bg B⊗ Tg and Y ¼ bg By ⊗ Tgy ð9:20Þ

where ⊗ indicates a cell-by-cell multiplication. The technical allocation ratios (i.e.,
technical output or sales coefficients) br*pj 2 B are calculated from the base-year
MRSUT as br*pj ¼ ur*,expj =gr,exp , with the br*py 2 By calculated analogously. The trade
destination ratios tr*pj 2 Tg are calculated as t rspj ¼ urs,expj =ur*,expj , with the t rspy 2 Tgy

calculated analogously. Note again the importance of the assumption of a perfectly
elastic demand in all markets, as opposed to the assumption of a perfectly elastic
supply in the demand-driven IO model.

Appropriate sequential substitution leads to, respectively, the following base
equation and subsequent solution for total industry input:

x′¼ x′M B⊗ Tg þ w′) x′¼ w′ I–M B⊗ Tgð Þ–1 ð9:21Þ

In Eq. (9.21) both coefficient matrices M and B ⊗ Tg may be rectangular, but
their product M B ⊗ Tg is square and has an industry-by-industry dimension.
G ¼ (I – M B ⊗ Tg)–1 represents the multi-regional generalization of the Ghosh-
inverse.

The solution for total product supply may, then, be calculated simply by means
of:

g′¼ x′M ð9:22Þ
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A.1.2 The Impact of Adding Supply-Driven Fixed Ratios to the Base
Model

The above supply-driven MRSUmodel, specifies the fixed ratio assumptions that we
will sequentially add to the base model (9.1)–(9.5).

First, the fixed product mix ratios by regional industry:

vrip ¼ xri m
r
ip,8i, p, r: ð9:23Þ

wheremr
ip share of product p in the output of regional industry i, with pm

r
ip 1:

Second, the fixed industry and final demand allocation ratios for regional product
supply, now written out in full:

Xs
urs
pj ¼ gr

pb
r*
pj ,
Xs

y rsp ¼ gr
ph

r*
p ,
Xs

f rsp ¼ gr
pd

r*
p and erp ¼ gr

pk
r
p ,8p, j, r ð9:24Þ

where br*pi , h
r*
p and dr*p denote the technical allocation coefficients, i.e., sales regard-

less of their spatial destination per unit of regional supply as calculated from the rows
of the MRSUT. The k r

p denote foreign export allocation coefficients, which do not
need to be added separately as

P
ib

r*
pi þ hr*p þ dr*p þ k r

p ¼ 1, 8p, r, holds because of
Eq. (9.2) in the main text.

Third, the cell-specific fixed intermediate and final output trade destination
ratios, now again written out in full:

t rspi ¼ urs
pi =u

r*
pi , t

rs
py ¼ yrsp =y

r*
p , t

rs
pf ¼ f rsp =f

r*
p , 8r, s, p, i ð9:25Þ

where t rspi , t
rs
py and t rspf represent the use of product p from region r per unit of total use

of product p by i, y and f in region s. These shares are calculated from the rows of the
MRSUT, with

Pst rspi ¼ 1by definition. The column-specific version of (9.25), which
we do not use, as we have detailed cell-specific MRSUT information, would assume
that the trade destination ratios for all different products p from region r are equal
(cf. the FI multiregional SUT in Oosterhaven 1984).

Note that, from a calculation point of view, it is not efficient to add both (9.24) and
(9.25) to the base scenario (9.1)–(9.5). It ismore efficient to combine them,which gives:

urs
pj ¼ gr

pb
rs
pj , y

rs
p ¼ gr

ph
rs
p and f rsp ¼ gr

pd
rs
p ,8p, j, r, s ð9:26Þ

and to then add (9.26), with its fixed interregional allocation coefficients, to the base
scenario instead.

Tables 9.6, 9.7, 9.8, 9.9 describe the impact of this sequential adding of fixed
ratios to the base model. The first rows, again, show the outcomes of the base model
as defined by the Eqs. (9.1)–(9.5), while the second to fourth rows show the
outcomes for the sequential adding of fixed product mix ratios by industry, fixed
technical allocation ratios and, finally, fixed trade destination ratios. As opposed to



Impacts in permilles on Bayern Imports

¼
– – – –

– – – –
– – – –

– – – –

Impacts in permilles on Sachsen Imports

¼
– – – –

– – – –
– – – –

– – – –

Tables 9.1, 9.2, 9.3, 9.4 in the main text, which include the impacts on foreign
exports, Tables 9.6, 9.7, 9.8, 9.9 include the impacts on foreign imports. The reason
is that adding input ratios in the main text fixes the structure of the columns of the
MRSUT, leaving exports relatively unconstrained, whereas adding output ratios in
the Appendix fixes the structure of the rows of the MRSUT, leaving imports
relatively unconstrained.
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Table 9.6 Indirect impacts in permilles of direct gross output impact of Danube floods, while
adding fixed ratios to the base model

Rest of Germany All of
GermanyNegative Positive

Ratios with max. Substitution
NLP base model (9.1)–(9.5)

1.7 51 0.1 52 170

+ fixed product mix ratios/industry 1.9 52 0.2 53 173

+ fixed technical allocation
coefficients

9.6 39 21.1 27 219

+ fixed spatial allocation
coefficientsa

29.6 121 1.5 149 301

aThese three assumptions are used in supply-driven MRIO and MRSU models

Table 9.7 Indirect impacts in permilles of direct gross output impact of Elbe floods in Sachsen,
while adding fixed ratios to the base model

Rest of Germany All of
GermanyNegative Positive

Ratios with max. Substitution
NLP base model (9.1)–(9.5)

0.08 48 0.01 48 161

+ fixed product mix ratios/industry 0.24 48 0.03 48 162

+ fixed technical allocation
coefficients

0.60 46 33.95 12 180

+ fixed spatial allocation
coefficientsa

4.39 127 0.15 132 238

aThese three assumptions are used in supply-driven MRIO and MRSU models

As to the impact of adding fixed product mix ratios per regional industry, it can be
observed that the intra-regional indirect impact in all four regions increase by at least
11% (Bayern), whereas the interregional impacts change less and show a mixed
behaviour. On the one hand, the interregional impacts in Bayern and Thüringen
increase slightly by about 2%, while, on the other hand, a slight decrease 0.6% and
2% can be observed for Sachsen and Sachsen-Anhalt, respectively. The drop of
imports from foreign countries changes uniformly across the four regions, whereby
the largest drop can be observed in Bayern (1.5%) and the lowest in Sachsen (0.3%).

When fixed technical allocation coefficients are added on top of the fixed product
mix ratios, the change in the indirect impacts is more uniform across the four regions.
It can be observed that the intra-regional impacts increase substantially and are at
least about 2.5 times (Sachsen and Sachsen-Anhalt) up to 10 times (Thüringen)
larger than before. At the same time, the indirect impacts in all of Germany decrease



Impacts in permilles on Imports

¼
– – –

– – – –

– – – –

– – – –

Impacts in permilles on Thüringen Imports

¼
– – –

– – – –

– – – –

– – – –

significantly by about 49% for Bayern to about 75% for Sachsen. Separating
industries that experience a positive indirect impact from those with a negative
impact (second and third column), shows that this is due to an decrease in the
negative indirect impacts combined with a substantial increase in the positive
indirect impacts in the rest of Germany. In contrast, the drop of imports again
increases uniformly, but is much larger compared to the case where only fixed
product mix ratios by industry are imposed. As before, the largest changes apply
to Bayern (27%) and the lowest to Sachsen (11%).
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Table 9.8 Indirect impacts in permilles of direct gross output impact of Elbe floods in Sachsen-
Anhalt, while adding fixed ratios to the base model

Sachsen-
Anhalt

Rest of Germany All of
GermanyNegative Positive

Ratios with max. Substitution
NLP base model (9.1)–(9.5)

0.00 67 0.09 67 129

+ fixed product mix ratios/
industry

0.24 66 0.12 66 130

+ fixed technical allocation
coefficients

0.58 49 20.16 29 148

+ fixed spatial allocation
coefficientsa

0.56 156 0.50 157 203

aThese three assumptions are used in supply-driven MRIO and MRSU models

Table 9.9 Indirect impacts in permilles of direct gross output impact of Elbe floods in Thüringen,
while adding fixed ratios to the base model

Rest of Germany All of
GermanyNegative Positive

Ratios with max. Substitution
NLP base model (9.1)–(9.5)

0.00 67 0.09 67 60

+ fixed product mix ratios/
industry

0.07 68 0.00 69 61

+ fixed technical allocation
coefficients

0.66 54 29.51 25 70

+ fixed spatial allocation
coefficientsa

3.17 182 0.03 185 104

aThese three assumptions are used in supply-driven MRIO and MRSU models

Adding fixed spatial allocation coefficients, finally, leads to a substantial increase
in the indirect impacts, both, intra-regionally and interregionally. The only exception
is Sachsen-Anhalt, where the intra-regional impacts decrease slightly. In the other
three regions, the intra-regional impacts become about 3 (Bayern) to 7 (Sachsen)
times larger compared to the case where only fixed technical allocation ratios are
added. Regarding the interregional indirect impacts on the rest of Germany our
outcomes show that positive indirect impacts vanish almost completely across all
regions, while, at the same time, negative indirect impacts become 2.8 (Sachsen) to
3.4 (Thüringen) times larger than before. As in the cases before, adding fixed spatial



allocation ratios again leads to a further increase in the drop of imports from foreign
countries across all four regions and again this further increase is larger than before.
However, the rank-order of regions changes, as the by far largest increase can now
be observed for Thüringen (48%) followed by Bayern and Sachsen-Anhalt (both
about 37%) and Sachsen (32%).
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Comparing the indirect impacts across all of Germany shows that the total
indirect impacts are relatively close to each other, ranging between about 13% to
18% of the direct impact. However, the extent to which these indirect impacts occur
intra-regionally and interregionally is very different across the regions. The largest
share of intra-regional impacts in nation-wide impacts of 20% can be observed for
Bayern, whereas the lowest share of only 0.35% is observed for Sachsen-Anhalt.
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