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5. THE ECONOMIC IMPACTS OF  
 LARGE-SCALE FLOODS IN   
 EUROPE

Abstract:

The indirect economic impacts of natural disasters can be immense and spread far 
beyond the affected region, as demonstrated by the global impacts of the Tohoku 
Earthquake and Tsunami in 2011 (Petherick, 2011). As the quantification of these 
indirect impacts is complex, most existing disaster risk models focus exclusively 
on direct effects in the impacted region (GFDRR, 2014). This chapter applies a 
novel modelling approach to quantify regional indirect economic disaster losses on 
a continental scale, through the example of river flooding in Europe. The results 
demonstrate that flood events can have large economic consequences that spread 
across the continent, far beyond the regions where the disaster actually occurs. The 
present indirect flood risk for Europe is estimated to be approximately €1.9-3 billion 
per year. For an ensemble of climate projections under the SRES A1B scenario 
we find a 40% increase in indirect economic losses by 2050, 20% higher than the 
expected increase in direct losses. Adaptation efforts can reduce both the direct and 
indirect losses, for example by supplying disaster relief and risk transfer mechanisms 
to improve the economy’s recovery time (up to 40% reduction in indirect risk). The 
geographical spread of the economic impact of floods requires EU-wide efforts in 
disaster risk management and novel compensation schemes.
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5.1. ECONOMIC LOSSES IN EUROPE 
Large-scale floods occur almost every year in Europe, and due to climate change, the 
frequency of floods is expected to increase in the near future (IPCC, 2012; Kundzewicz 
et al., 2014; Alfieri et al., 2015). Floods can affect several river basins or countries at 
the same time, which leads to highly correlated direct damages (e.g. to buildings and 
infrastructure) across European countries (Jongman et al., 2014a). Floods, however, 
also give rise to indirect economic effects (e.g. business interruption) outside the area 
directly hit by the flood, which causes altered economic flows and affects regional and 
sector employment. As of yet, only a few studies have assessed how indirect economic 
damages in the flooded regions propagate to other regions within Europe (Ciscar et 
al., 2011, 2014a). These previous studies, however, analysed cases only on a national 
level, although as a result of the regional production, demand and trade structures 
within Europe, it is rudimentary to analyse both the direct and indirect losses on a 
lower administrative level. The following analysis covers a continental scale, which 
adds a novel systematic flood risk analysis for all regions in Europe that accounts for 
both direct and indirect effects.

This chapter assesses the consequences of floods for the economy of the European 
Union + Norway (EU25+N), through the analysis of the spatial indirect economic 
effects of floods in fifty different River Basin Districts (RBD, Appendix 5.A) within the 
256 sub-national NUTS2 regions on a multiregional and sector level. To model these 
indirect impacts, a recursive dynamic multiregional supply and use model is used, 
which combines non-linear programming and input-output modelling techniques to 
assess the economy-wide consequences of a natural disaster on a pan-European scale 
(see Chapter 4 and Methods). For the remainder of this chapter, this model is referred 
to as the Multi Regional Impact Assessment (MRIA) model. The MRIA model has 
several unique features to analyse the consequences within a region as well as the 
sector-specific decrease in production capabilities, the consequences of inefficiencies 
in production that result from damaged industries operate at full capacity, and the 
needed increase in production in regions not affected by the direct impact to take 
over the production that was lost in the affected region. These features are all unique 
to the model and were not present in existing input-output based models, which 
therefore, did not take these aspects into account.



126 economic modelling for flood risk assessment

Due to a flood event in a RBD, trade flows to other regions change, either positively 
or negatively. This change in trade flows is the main driver of the indirect economic 
effects in other regions. Negative effects occur as a result of the lesser supply and 
demand in the affected sectors of the flood regions. Lower production simply requires 
fewer inputs and therefore leads to fewer outputs. Positive effects occur because agents 
that are not directly affected by the flood seek to continue as they had before. In their 
position, these agents attempt to find alternative possibilities to satisfy their demand 
based on existing trade relations. The latter positive effect is exemplified in Figure 5.1 
(panel a), which presents the additional trade flows that occur as a result of a flood 
event in five different RBD.

The results show that present aggregated EAOL (Expected Annual Output Losses, 
see Methods) for the whole of EU+N varies between €1.9 and €3 billion per year, 
depending on the selected recovery path (see Methods). Ciscar et al. (2014a) found 
similar results for river flooding. This implies that the indirect losses are less than half 
of the present direct damages, represented as the aggregated EAD (Expected Annual 

Figure 5.1 
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Damages) for the considered RBD (€8 billion per year). To compare the indirect losses 
to the direct losses, the results indicate a median EAOL/EAD ratio of 0.27 for all 
European regions. It is important to note, however, that the indirect losses are highly 
influenced by the duration of the recovery. A longer recovery path results in higher 
losses, and consequently, higher EAOL/EAD ratios (e.g. a twice as long recovery 

Figure 5.2 
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period also results in doubled losses). Currently, we assume a maximum recovery of 
two years, based on experiences from the Tohoku Earthquake and Tsunami. On a 
national level, Germany, France and the United Kingdom have the highest EAOL 
values (Figure 5.1, panel b). The Scandinavian countries and the Baltic States, on the 
other hand, have relative low EAOL values. In comparison to the EAD, the spatial 
patterns are very similar (Rojas et al., 2013), which implies that most of the high 
EAOL are a result of the high exposure of assets, which is one of the main drivers of 
both EAD and EAOL. Figure 5.2 (panel a) reinforces this conclusion, as it exhibits 
similar patterns for the first-order EAOL on a regional level. 

On a regional level, Inner London (UK) and Ile de France (FR) have the highest 
total EAOL (up to €300 million per year), which indicates that both exposed assets 
and the size of the economy have a large influence on the EAOL in some regions. 
From Figure 5.2 (panel a), it is evident that countries in the centre of Europe (e.g. 
AT, BE, DE, NL) contain the regions with the highest second-order EAOL, and 
furthermore, contain many regions that are among the regions with the highest first-
order EAOL. This finding indicates that the traditional ‘economic heart’ of Europe 
still plays a large role in trade and production within Europe. Benefits may occur as a 
result of the profit from increased export to regions with reduced production capacity. 
These benefits can offset the negative effects of reduced demand. If only the second-
order effects are considered, these results have an overall net benefit (€ 9-12 million 
per year) for Upper Norrland (SE), Madrid (ES) and South Finland (FI). For many 
regions in England, the large amount of additional exports result in a dampening 
effect of the second-order EAOL (Figure 5.2, panel a). 

The study yielded further interesting results in regions of the Baltics as well as the 
majority of Hungary. In these regions, there is a relative high first-order EAOL that is 
accompanied by a low second-order EAOL. This coupling implies that these regions 
suffer intensively from local flood events, but are less impacted from losses in other 
regions. Regions in Slovakia, Scotland, Portugal and Italy, on the other hand, endure 
relative high second-order EAOL. In these regions, indirect impacts through trade are 
much more substantial. Special cases include The Netherlands, Greece and Norway, 
as the model considered no flood events in these regions (Appendix 5.A), which 
as either a result of that fact that protection standards are too high for the floods 
considered (The Netherlands), or because the RBD in these countries are not large 
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enough to simulate economic effects from floods (Greece and Norway). Nevertheless, 
the model shows substantial second-order effects in these countries, which emphasize 
the economic importance of disasters in Europe for regions and countries not directly 
affected by a given flood event. Figure 5.2 (panel b) presents the highest affected 
sector per region, in terms of the percentage of its gross value added. The figure 
shows that Sector 1 (Agriculture), 4 (Medium-tech industry), 11(Tourism) and 14 
(Business services) endure the highest losses. The main cause of these losses is that 
these industries often provide and produce a unique product to a few agents. As 
substitution is only possible within existing trade boundaries in this model, this 
exhibited large losses for sectors with ‘their own’ respective markets. 

In this chapter, only the impacts of climate change up until 2050 are considered, 
as future predictions of economic trade to 2050 would be an unreliable exercise as 
a result of the constant development in trade patterns and the high uncertainty of 
future projections. The results indicate that the effect of climate change on indirect 
economic effects is complex. Under the SRES A1B scenario and the climate change 
models applied in this research, the results predict an increase in continent-wide EAOL 
of approximately 40 percent compared to the baseline situation. This increase is 20% 

Figure 5.3 
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higher compared to the increase in EAD in the RBD considered in this study. This 
larger increase in EAOL is due to the non-linear effect of an economic disruption; the 
effect of the disruption increases exponentially due to its cascading effects throughout 
the economy. In fact, even a small increase in the disruption of production may result 
in substantial higher EAOL. Figure 5.2 (panel c) shows the EAOL as a percentage 
of GDP for the current situation. The highest impacts are observed in regions in 
Hungary (up to 1% of regional GDP), Austria, Czech Republic, parts of Poland and 
the direct regions surrounding Paris (0.1-0.5% of regional GDP). For the future 
scenario, we observe larger impacts in the United Kingdom, Spain and Slovakia 
compared to the baseline. Poland, on the other hand, undergoes a clear reduction in 
EAOL. These findings are in direct relation to the increase or reduction in expected 
flood severity of  these areas (Rojas et al., 2012). 

Figure 5.3 (panel a) makes it evident that regions in the United Kingdom, Ireland 
and Spain exhibit increases of more than 100% in both EAD and EAOL, following 
the assumption of perpetual climate change. As interpreted from the diagonal 
of the matrix in Figure 5.3 (panel a), for most regions in EU+N, both EAD and 
EAOL share a similar increasing/decreasing trend. The model, however, did yield 
some noteworthy outliers. The entirety of Denmark and some regions of France and 
Germany demonstrate a decrease in EAD, but a slight increase in EAOL. This decrease 
implies that due to trade effects, indirect economic effects increase in some regions, 
as a result of floods events elsewhere, although the direct damage in those regions 
is expected to reduce in the region itself in the future. Some regions in Slovakia 
experience the opposite effect (increase in EAD, decrease in EAOL) in terms of the 
impact as percentage points of GDP (Figure 5.2, panel d)

To counter some of the (increasing) impacts due to climate change, many adaptation 
strategies have been presented over the past decades from a vast range of literature 
(Rojas et al., 2013; Aerts et al., 2014; Jongman et al., 2015; Muis et al., 2015; 
Winsemius et al., 2015). In recent years, flood management policy has shifted from 
defensive action, such as continuous increases in dike heights or the strengthening 
of structural barriers, towards post-disaster management and relief that enhances 
societies’ ability to cope with floods through the increased use of non-structural 
measures such as financing and compensation mechanisms. 
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In this chapter, we assessed both structural measures, such as the improvement 
of flood protection standards, as well as ‘soft’ measures, such as improvements in 
recovery speed and the reduction of production bottlenecks. We calculated the effects 
of increasing protection standards in the entirety of Europe through the use of two 
scenarios: (i) 1/100 and to (ii) 1/250. The results found that for all fifty RBDs this 
study considers, an improvement of the protection standards to 1/100 would result 
in a median reduction in both EAD and EAOL of 54%. If the standards were to 
be improved to 1/250, the EAD and EAOL could be reduced by as much as 89% 
(Figure 5.3, panel b). Even though the increase of the protection standards proves 
to be an effective way to reduce the risk of both the direct and indirect impacts, 
the implementation of structural measures may not always be politically feasible 
or economically efficient (Jongman et al. 2014a). The economic model applied in 
this study allows for the exploration of the effects of different adaptation strategies 
aimed to reduce indirect impacts, such as faster recovery paths. Slow recovery paths 
(linear and convex) are a large driver of EAOL. Therefore, an improvement to the 
recovery process and a reduction in the time to initiate the process could both serve 
as interesting adaptation strategies. The results show that the EAOL for the whole of 
EU+N would be reduce by 22% and 35% when assuming a concave recovery path, 
rather than a linear and a convex recovery, respectively (Figure 5.3, panel b). 

5.2. METHODOLOGY
This chapter differentiates between Expected Annual Damage (EAD) for the risk due 
to direct flood losses and Expected Annual Output Losses (EAOL) for the risk due 
to indirect losses (Carrera et al., 2015). EAOL is a net effect, which also considers 
the potential beneficial substitution effects for a region in any of the considered flood 
events. Furthermore, we consider total EAOL, ‘first-order’ and ‘second-order’ EAOL. 
First-order EAOL is defined as the total risk for a region, which only considers the 
effect of flood events that directly hit the region. The second-order only considers the 
impacts for a region from flood events that did not directly hit the region itself. The 
EAD mentioned in this study is based on the losses presented by Rojas et al. (2013). 

To assess the economic consequences of large-scale river floods in EU25+N (25 EU 
countries + Norway), we use a methodology based on four steps. First, a direct loss 
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assessment is conducted for the fifty largest River Basin Districts (RBDs) in EU+N, 
which is based on simulated floods for return periods ranging from 1/50 up to 1/500 
(Rojas et al., 2012, 2013). The fifty RBDs in this study cover approximately 85% of 
the economic activity within Europe. Second, the direct losses are used to determine 
the drop in production capabilities for all sectors in the affected region. Third, the 
investment needed over time to recover from the flooding is determined. The cost 
of capital that is destroyed due to the flood is the basis for this investment. Fourth, 
the spatial indirect effects of the drop in production capabilities and the increase 
in recovery investment demand are calculated over the recovery time period using 
the MRIA model. As a result of the high uncertainty of the length and temporal 
shape of the recovery period, this chapter considers three recovery curves (Figure 
6.2): concave, linear and convex. The concave recovery path can be characterized as 
quick and smooth from the outset, as a result of the fact that most of the area recovers 
quickly. The convex path can be interpreted as delayed recovery. Such a delay may 
occur in the case that emergency and repair activities are hampered. This path implies 
slow recovery in the immediate post-disaster time periods and then a quicker recovery 
later. Finally, the linear recovery path is assumed to be a ‘way through the middle’ 
and is based on the assumption that capital available for reconstruction is evenly 
distributed over the recovery period.

In comparison to more traditional IO models, the MRIA model is unique in that it 
accounts for both demand and supply-side effects and also includes multiregional 
trade-offs via trade links between regions (Chapter 4). Nevertheless, in line with 
standard input-output modelling, the model is based on the assumption of a demand-
determined economy. In other words, the demand from all EU+N regions and the rest 
of the world must be matched by the total supply in all separate regions and the rest 
of the world. The MRIA model is based on technologies that are owned by industries 
and used to make products. This study’s model assumes that the technical coefficients 
matrix describe the technologies used by an industry. Hence, the technologies can be 
interpreted as the inputs required to produce a certain output. Products are produced 
at the lowest costs, and together with the demand for products in every region, these 
costs determine which technologies are used as well as the extent of their use. This 
finding implies that inefficient technologies are being used to produce products 
when production with the “optimal” technology is limited due to supply constraints. 
To avoid the extreme inefficient production of products in the affected region by 
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industries that produce this product only as a by-product, it is assumed that before a 
region reaches its maximum regional capacity, it already begins to importing goods 
from other regions, rather than attempting to produce these goods itself. 

Besides the commonly assessed output losses of a natural disaster, the MRIA model 
also determines the losses due to the use of inefficient production technologies. This 
second type of losses, which result from the increased inefficiencies in the production 
process, increases production costs. Finally, the model outcome is loss estimation 
expressed in terms of expected annual damage. Through a combination of the 
outcomes of all floods in all the river basin districts, it is possible to determine the 
flood risk of each region in EU+N, even when a region is not directly hit by a flood.
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APPENDIX 5.A

Figure A.1 


