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Project Background and Objectives 

Extreme Events‘ magnitude and frequency will grow in future climate  
 

Climate Adaptation 

• shall lead to a reduction of damage of future climate conditions and events. 

• Not only local adaptation measures may have an impact, 

• spillover effects of measures from neighbouring municipalities either in close or greater 

distance may have an impact too. 
 

The general objectives of this project are  

• to explore municipalities’ budgetary effects of adaptation measures against flood risk 

by analysing costs of damage repair before and after measure implementation  

• to analyse the presence of spillover effects from distant adaptation measures 

• to examine adaptation or maladaptation impact of current and potential future events 

of similar scope for municipalities 



Tasks carried out  

 Extreme events exploration: 

• heavy precipitation events, floods 2002 – 2013 

 Delineation of study area: rivers, catchments, municipalities 
 

 Budget analysis 2002-2014 of all (153) municipalities in the study catchments 
 

  Geospatial data acqusition, compilation, analysis of risk exposure 
 

 Statistical analysis of damage repair costs and change of costs  

versus  

•  spatial characteristics and  

• adaptation costs during the years between heavy extreme events 
 

 Case studies: interviews in selected municipalities to gain deeper insights  
• on damage, adaptation and costs of local, upstream and downstream measures,  

• on institutional instruments to share risk and costs  
 

 Examine adaptation /maladaptation impact of extreme events during future 

climate 
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Observed extreme event periods to explore damage & 

adaptation costs and interrelations: 2002 - 2013 



Case study catchments  

Start year 2002 – dramatic floods in Upper Austria 

Source: Hochwasserereignisse 2002 in Österreich - Abteilung VII/3 Wasserhaushalt 

https://www.bmlfuw.gv.at/wasser/wasser-

oesterreich/wasserkreislauf/hydrograph_charakt_extrema/Hochwasser2002.html 

 

Flood event August 6-7th Flood event August 11-15th 

Waterdistricts  Waterdistricts  

Case study catchments Vöckla-Ager-Alm-Traun / Steyr-Enns / Krems / Aist-Naarn 

https://www.bmlfuw.gv.at/wasser/wasser-oesterreich/wasserkreislauf/hydrograph_charakt_extrema/Hochwasser2002.html
https://www.bmlfuw.gv.at/wasser/wasser-oesterreich/wasserkreislauf/hydrograph_charakt_extrema/Hochwasser2002.html
https://www.bmlfuw.gv.at/wasser/wasser-oesterreich/wasserkreislauf/hydrograph_charakt_extrema/Hochwasser2002.html


Case study catchments  

The study area 

Workbase is municipality level main catchments associated to municipalities 

Cases visited (   ) and planned visits (   )  

Case study municipalities: Vöcklabruck-Timelkam / Steyr / Ansfelden / Schwertberg 



Case study catchments:  

Identifying affected municipalities / settlements 2002, risk 2013 

Reported flooded areas 2002 
Therefore estimation of risk  potential 

by HQ-polygons (OGD Upper Austria)… 
but apparently not complete (e.g. Steyr, Schwertberg,…) 

No flooding polygons for 2013! 



Flood risk exposure assessment of municipalities in case 

study catchments 
Data for ( qualitative) risk assessment: 

• Reported flooded areas 2002 

• HQ10, HQ30, HQ100 flood risk polygons 

• Elevation distance : 

       valley floor to potentially exposed settlement area 

• Distance : 

      valley floor to potentially exposed settlement area 

 



Tasks carried out  

 Extreme events exploration:  

 heavy precipitation events, floods 2002 – 2013 

 Delineation of study area: rivers, catchments, municipalities 
 

 Budget analysis 2002-2014 of all (153) municipalities in the study catchments 
 

  Geospatial data acqusition explaining flood risk exposure 
 

 Statistical analysis of damage repair costs and change of costs  

 versus  

•  spatial characteristics and  

• adaptation costs during the years between heavy extreme events 
 

 Case studies: interviews in selected municipalities to gain deeper insights  
• on damage, adaptation and costs of local, upstream and downstream measures,  

• on institutional instruments to share risk and costs  
 

 Estimate adaptation /maladaptation impact of extreme events during future 

climate 
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Budget-Analysis:  
Responsibilities related to budget units and to budget „areas“ addressing repair 

and climate adaptation on extrem events municipalities) 
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Graphical Analysis for selected case study budgets:  
Timeline of municipal expenditures 2001 - 2014 
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Budget Analysis: water protection expenditures by 

catchment and potential flood risk exposure groups 
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extrem 2 7.413.452 529.532 1.078 1 12.342.671 881.619 324 0 0 3 19.756.123 1.411.152 439

sehr hoch 2 744.183 53.156 87 0 0 4 6.617.899 472.707 203 6 7.362.083 525.863 179

hoch 1 185.522 13.252 111 1 2.027.503 144.822 176 6 5.013.589 358.114 255 8 7.226.614 516.187 220

mittel 0 0 0 0 12 4.820.846 344.346 85 12 4.820.846 344.346 85
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Tasks carried out  

 Extreme events exploration:  

 heavy precipitation events, floods 2002 – 2013 

 Delineation of study area: rivers, catchments, municipalities 
 

 Budget analysis 2002-2014 of all (153) municipalities in the study catchments 
 

  Geospatial data acqusition, compilation, analysis, of risk exposure 
 

 Statistical analysis of damage repair costs and change of costs  

versus  

•  spatial characteristics and  

• adaptation costs during the years between heavy extreme events 
 

 Case studies: interviews in selected municipalities to gain deeper insights  
• on damage, adaptation and costs of local, upstream and downstream measures,  

• on institutional instruments to share risk and costs  
 

 Estimate adaptation /maladaptation impact of extreme events during future 

climate 
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Geospatial data acquisition – selected data for statistical 

analysis explaining spatial impact on damage costs 

 Example: Kremstal catchment,  

     Terrain and runoff sequence of municipalities for upstream costs aggregation 

Runoff sequence of  

municipalities within  

catchment 



Geospatial data aqcuisition – selected data for statistical 

analysis explaining spatial impact on damage costs 

 Example: Kremstal catchment 

share of affected  

settlement area 

Distance to Krems local height-differece  

to Krems 

length of Krems 

within municipality 

Distance to Krems or 

secondary river 

local height-differece  

to Krems or secondary river 

length of Krems or 

secondary river 

within municipality 



Statistical Analysis explaining space-related effects and 

adaptation cost effects on damage repair costs 

(Expenditures for road & flood protection system repair and construction)  
Explanatory variables for damage repair expenditures 

• elevation distance - valley floor to potentially exposed settlement area 

• distance - valley floor to potentially exposed settlement area 

• river length within municipality 

• flood plane area within municipality  

• potentially exposed  settlement area  

• potentially exposed road length 

• Expenditures for 

• Flood protection measure implementation in municipality 

• Flood protection measure implementation in upstream municipalities (in distance categories) 

• Flood protection measure implementation covered by water management communities 

• Flood protection measure implementation in downstream municipalities 

 

 

 

 

  

new 



Budget data compilation to relate damage repair costs to 

upstream adaptation costs – Example Krems catchment 

(costs  2004-2012 by budget units roads and water management) 

 

Road construction/repair costs related to municipality area,  

flood protection repair /adaptation costs related to river length in municipality 

(upstream costs aggregated to distance classes: 0km=municipality, >0-10km, 10-20km, 20-30km,<40km) 

LAU_CODE Municip

repair_pct

_road

c_ar_road

_0km

c_ar_road

_10km

c_ar_road

_20km

c_ar_road

_30km

c_ar_road

_40km

repair_pct

_water

clen:_Water

_all

clen_wate

r_0km

clen_water

_10km

clen_wate

r_20km

clen_water

_30km

clen_wate

r_40km

40908 Micheldorf in Oberösterreich -37,89 118,9 0 0 0 0 -8,67 20,4 20,4 0 0 0 0

40905 Kirchdorf an der Krems -20,37 3923,5 118,9 0 0 0 2504,59 463,4 443,0 20,4 0 0 0

40904 Inzersdorf im Kremstal 11,68 118,3 4042,4 0 0 0 167,68 472,3 8,9 463,4 0 0 0

40917 Schlierbach 4,74 469,8 4160,7 0 0 0 771,84 497,5 25,2 472,3 0 0 0

40910 Nußbach 46,93 94,7 4511,6 118,9 0 0 160,74 525,0 27,5 477,1 20,4 0 0

40922 Wartberg an der Krems -35,78 190,1 4606,3 118,9 0 0 -90,63 604,3 79,3 504,6 20,4 0 0

40913 Ried im Traunkreis 45,53 148,5 754,6 4160,7 0 0 22,91 609,6 5,3 132 472,3 0 0

40907 Kremsmünster -59,40 627,8 433,3 4630,5 0 0 209,25 631,1 21,5 112,1 497,5 0 0

41009 Kematen an der Krems -21,67 195,0 627,8 903,1 4160,7 0 67,96 686,7 55,6 21,5 137,3 472,3 0

41513 Rohr im Kremstal 145,58 206,8 822,8 4944,9 118,9 0 543,98 708,9 22,2 77,1 589,2 20,4 0

41518 Waldneukirchen 41,28 118,2 301,5 5791,9 0 0 381,69 713,4 4,5 49,7 659,2 0 0

41501 Adlwang 23,02 208,3 1707,4 4504,2 0 0 0,00 717,2 3,8 180,2 533,2 0 0

41511 Pfarrkirchen bei Bad Hall -54,65 260,1 1789,4 4630,5 0 0 588,42 732,3 15,1 219,7 497,5 0 0

41503 Bad Hall 4,39 859,7 2049,5 4630,5 0 0 -19,67 736,9 4,6 234,8 497,5 0 0

41018 Piberbach -39,58 259,4 2149,4 1229,6 4160,7 0 -36,59 752,4 15,5 119 145,6 472,3 0

41014 Neuhofen an der Krems 304,77 327,1 661,2 2507,4 4630,5 0 -68,14 793,3 40,9 93,3 161,6 497,5 0

41020 Sankt Marien -35,01 236,4 781,5 2280,9 1021,4 4042,4 4246,13 818,8 25,5 112 71,7 146,2 463,4

41002 Ansfelden 8,48 750,6 563,5 1520,9 1647,7 4630,5 8762,44 1353,3 534,5 66,4 97,9 157 497,5

17 
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Statistical analysis relating space effects against damage 

repair costs (preliminary, Krems catchment)  

(roads, flood protection)  

1st test-results for Krems Catchment  

(incomplete cost data – water management community data are lacking)  

 

 Statistical relations of repair costs/per spatial entity  against spatial characteristics are plausible,  

         but only some show higher significance 

 Statistical relations of repair costs/per spatial entity  against adaptation costs  

 Costs of upstream adaptation show some significance. 
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Statistical analysis relating space effects against damage 

repair costs (preliminary, Krems catchment)  

(roads, flood protection)  

1st test-results for Krems Catchment  

(incomplete cost data – water management community data are lacking)  
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Statistical analysis relating space effects and adaptation 

costs against damage repair costs  (preliminary, Krems catchment)  

(roads, flood protection)  

1st test-results for Krems Catchment  

(incomplete cost data – water management community data are lacking)  



Tasks carried out  

 Extreme events exploration:  

 heavy precipitation events, floods 2002 – 2013 

 Delineation of study area: rivers, catchments, municipalities 
 

 Budget analysis 2002-2014 of all (153) municipalities in the study catchments 
 

  Geospatial data acqusition, compilation, analysis, of risk exposure 
 

 Statistical analysis of damage repair costs and change of costs  

  versus  

•  physical characteristics and  

• adaptation costs during the years between heavy extreme events 
 

 Case studies: interviews in selected municipalities to gain deeper insights  
• on damage, adaptation and costs of local, upstream and downstream measures,  

• on institutional instruments to share risk and costs  
 

 Estimate adaptation /maladaptation impact of extreme events during future 

climate 
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Case studies to examine deeper insights  

                      (by municipality / catchment) 

• Interviews with 

• municipality representatives and 

• water community representatives  

• province representatives on: 

• extreme flood events 

• damage and damage repair costs  

• upstream/downstréam adaptation measures and costs 

• adaptation measures and costs covered by water management communities  

• mechanisms and effects of water management communities for sharing risk and costs  

 

 

 

 



Case study interviews with Steyr, Schwertberg, Ansfelden 
(1st round)  
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Selected interview findings:  
Main responsibilities: damage mitigation (response, aftercare) 

                                   adaptation: prevention  

24 



Selected interview findings 
Flood related costs (damage repair and adaptation) to some extent 

covered by water management communities  

 Flood protection is a cross-sectional task – difficult 

to identify in municipal budgets 

 different institutional framework conditions and 

accounting practices hinder comparability 
 

 expenditures in small municipalities are not only 

covered by municipalities 
 

 

 water management communities share risks and 

costs in several (sub-)catchments. 
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Tasks carried out  

 Extreme events exploration:  

 heavy precipitation events, floods 2002 – 2013 

 Delineation of study area: rivers, catchments, municipalities 
 

 Budget analysis 2002-2014 of all (153) municipalities in the study catchments 
 

  Geospatial data acqusition, compilation, analysis, of risk exposure 
 

 Statistical analysis of damage repair costs and change of costs  

  versus  

•  physical characteristics and  

• adaptation costs during the years between heavy extreme events 
 

 Case studies: interviews in selected municipalities to gain deeper insights  
• on damage, adaptation and costs of local, upstream and downstream measures,  

• on institutional instruments to share risk and costs  
 

 Estimate adaptation /maladaptation impact of extreme events during future 

climate 
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Exploring potential future climate impact on damage repair 

costs 

 

• Analysis current climate versus future climate  

• ÖSK15 layer data extracted 

• heavy precipitation days  2060 - 2010 – 2030 – 2050 

 

• Differences of heavy precipitation days between current and future climate arte 

extracted (first explorations carried out untill now) 

 

• Relative differences will serve as change ratio to estimate future damage repair 

costs without additional measures and discuss savings through adaptation 

 

 

  



Modelled extreme precipitation event days 2002 

Source ÖKS15 data –  

number of days with more precipitation than on 90% of the observed days.   



Modelled days with extreme and severe rainfall events  

(OÖ observation: 1971-2010, projection 2011-2100 (RPC 4.5)) 

Data: ÖKS15, Scenario: RCP 4,5 



First conclusions 

 Budgets reflect extreme event damage repair and adaptation to some extent 

 Flood protection is a cross-sectional task – difficult to identify in municipal budgets 

 Distinction of expenditures for coping, aftercare and prevention is uncertain but possible in a 

coarse way through the temporal sequence of expenditures related to event occurrence 

 Expenditures in small municipalities are not only covered by municipalities themselves 
 

 

 Water management communities are established in selected catchments 

 They share risks and costs.  

 Data acquisition from water management communities needs an agreement of the data 

protection commission (expected in June 2017) 
 

 

 Distinct statistical relations can be observed: 

 between damage repair costs and spatial characteristics, 

 between damage repair costs and adaptation costs. 

 The significance of explanatory model results is higher by including adaptation costs. 

 Effects on repair costs through upstream adaptation could be identified.  
 

 Statistical analysis must be repeated with merged expenditure data 
 

 Expected increase of extreme events confirmed through frequency indicators from 

recent climate simulations  

     (Examination with completed expenditure data will be carried during summer)  

 

30 



AIT Austrian Institute of Technology 
 

 
Thank you for attention! 

Wolfgang Loibl 
 

Sustainable Buildings and Cities 

Center of Energy 

wolfgang.loibl@ait.ac.at 


