Climate change challenges & strategies – an evaluation of CC in EIA
1. Introduction 
In order to reduce susceptibility of projects to negative impacts of climate change and also to reduce any associated negative environmental effects, climate change should be considered in EIA as early as possible. A requirement to consider climate change adaptation has been formulated by the new European EIA Directive (2014/52/EU), which EU member states will have to implement into national law by May 2017.
To date, we have seen a range of suggestions on how to integrate climate change adaptation into regional planning (Birkmann et al. 2012, MKRO 2013, BMVBS 2013, Spiekermann & Franck 2014) and into urban / local planning, i.e. at the stages before project planning (Born et al. o.J.., Jakoby & Beutler 2013). However, only few attempts have been made to assess concrete spatial and temporal impacts of climate change on projects and the associated environment (Runge et al. 2010; EBA 2014; Kunze et al. 2014; Balla et al. 2017). Dealing with a concrete local planning context is still a challenge for the various stakeholder groups involved, including project developers, EIA authorities and EIA assessors/planning officers.
The SPECIFIC (SPEcific Climate change ForesIght in projeCt planning and EIA – ACRP 8th Call) project is focusing on the applicability of scientific insights to the assessment of impacts of climate change for a specific project, including the identification of special data requirements and climate scenarios as input for the EIA. In this context, a particular emphasis is put on the needs of stakeholders. SPECIFIC builds on the results of an earlier project (“envisage-cc”; see Jiricka et al. 2014 and 2016, Dallhammer et al. 2015). 
In this paper we will look at how climate change adaptation is dealt with in EIAs for three linear infrastructure project types, including high-speed railways, motorways and express roads as well as electrical power lines. The research approach taken is an “ex-post evaluation” of EIA practices in Austria and Germany. Furthermore, we will explore the relationships of the environmental issues addressed in EIA and the assessment of possible climate change related impacts. 
2. Methodological approach
The research methodology is based on a participatory approach. Stakeholders of Austrian EIAs (e.g. representatives of EIA authorities, EIA consultants, infrastructure operators) together with the project team compile scenarios (within a scenario analysis framework) of how impacts of climate change may be considered in project EIA. 
The scenarios considered in this context are based on an analysis of past EIA practices in Austria and Germany, including an extensive “ex-post evaluation” aimed at assessing the consideration of climate change related meteorological phenomena and associated impacts as well as possible future changes. In this context, a catalogue of criteria was developed with regards to meteorological parameters associated with possible climate change in cooperation with experts from the University of Natural Resources and Life Sciences and the Environment Agency Austria. 
Twenty-three EIA reports as well as other documents related to the EIA (impact statements per environmental issue, report of mitigation measures etc.) from Austria and 28 from Germany underwent an “ex-post evaluation” in order to identify the consideration of impacts of climate change to date (2005-2015) as well as predictions of future changes. The reports comprised all documents available in the period 2005-2015 in Austria. In Germany the total number of EIA reports is higher. Thus the analysed sample is randomly chosen (subject to availability). In Austria, documents from all phases of the EIA process (EIS and expert reports, authority opinions, technical reports, development consent) were examined. During the course of a two-stage process, documents were first subjected to a “pre-check” in order to determine the direct relevance to climate change in EIA. This involved a content analysis of terms such as “climate change”, “impacts of climate change” and “vulnerability”. Furthermore, a content analysis of certain meteorological phenomena (e.g. “strong storms” or “heavy precipitation”) and associated impacts (e.g. “windthrow” or “slope slumping”), including combinations thereof, was conducted. Content analysis was conducted with the help of a software adapted for the purpose of this analysis that searches terms and lists overall results in an Excel table. Results were then reviewed by the project team in terms of their relevance, and were classified by relevance.
The assessment of the significance of terms in EIA was not subject of the analysis. Highly relevant criteria (i.e. criteria that contain a direct link to climate change) were identified and marked in the analysis database.  These serve as a basis for a further qualitative analysis not elaborated on in this paper. An overview of the classification of relevance is presented in Table 1.

	Classification of relevance
	Criteria for classification 
	Marker

	No relevance
	Term mentioned, however, having a different meaning (e.g. species or place names); not impact relevant
	Red

	Low relevance
	Mentioning of a phenomenon or CC impacts without relevance for the specific EIA context 
	Orange

	Relevance
	Mentioning of a phenomenon or CC impacts in the specific EIA context, mentioning of an additional search term related to climate change in the specific EIA context 
	Light green

	High relevance 
	Combined mentioning of meteorological phenomenon and associated CC impacts in a shared EIA context, mentioning of a phenomenon or CC impacts with direct reference to climate change (and impacts) in the same text passage 
	Dark green 


Table 1: Classification of relevance in the ex-post evaluation

3. Results:
The “ex-post evaluation” of the EIA documents indicates that there are a number of concrete links to climate change. However, only little evidence of direct references to the adaptation to climate change were established. Subsequently, we present the results of the analysis conducted for Austria. 
3.1. Results of the combined analysis
The search for climate change impact terms, occurring together and being at most 60 words apart (the maximum length of sentences found in the reports), returned a total of 47 hits. These contain various combinations of search terms. Of the 16 possible combinations, only three were used in reports. The majority (32) addressed the combination of “heavy rainfall” and “erosion”. A combination of “heavy rainfall” and “flooding” is found in five cases. The combination of “aridity” and “drought” was found four times (see Table 2). 

	Number of results
	Relevance
	
	
	

	Combination of search terms
	Relevance
	Low relevance
	No relevance
	Total

	Heavy rainfall and erosion
	32
	4
	2
	38

	Heavy rainfall and flooding
	5
	
	
	5

	Aridity and drought
	4
	
	
	4

	Total
	41
	4
	2
	47


Table 2: Results of the combined search for climate change impacts
3.2 Results of single-term search
The search for single-term impacts of climate change resulted in 4.235 hits from 616 documents (of a total of 2.956 documents). Of these, 2.935 hits were classified as being of relevance, 589 as being of low relevance and 711 as being of no relevance. The two search terms with the greatest number of relevant results – “erosion” (1.164) and “heavy rainfall” (687) – together make up almost two-thirds of all relevant results. “Wind throw” (413 results), “wind erosion” (314), “aridity” (134) and “flooding” (111) are also frequently addressed in the EIA reports. Comparatively speaking, with 50 results, “slope slumping” as one of the potential consequences of climate change is mentioned frequently. While “low water level”, “storm damages” and “drought” were mentioned between ten and twenty times each, the other eight search terms were referred to only once. Table 3 shows the results for all search terms in the EIA documents.
	Search term
	Relevant
	Low relevance
	No relevance
	Total

	Freeze thaw weathering
	1
	
	1
	2

	Heat wave
	1
	
	
	1

	Snow storm
	1
	
	6
	7

	Temperature fluctuation
	2
	7
	6
	15

	Large-scale storms
	2
	
	
	2

	Wet snow
	3
	
	4
	7

	Snowfall
	6
	1
	16
	23

	Icing
	7
	
	201
	208

	Low water level
	11
	5
	32
	48

	Storm damages
	12
	1
	
	13

	Drought
	17
	12
	76
	105

	Slope slumping
	49
	14
	5
	68

	Flooding
	111
	96
	75
	282

	Aridity
	134
	29
	103
	266

	Wind erosion
	314
	9
	13
	336

	Wind throw
	413
	29
	73
	515

	Heavy rainfall
	687
	14
	22
	723

	Erosion
	1164
	372
	78
	1614

	Total
	2935
	589
	711
	4235


Table 3: Total number of results in all documents (AT), by relevance category

With regards to the analysed projects (9 road and 12 rail EIAs), there are considerably more hits of the search terms for road projects. Of the total of 4.235 hits (2935 relevant hits), about twice as many pertain to roads (2.665) than to rail (1.276). Graph 1 shows results for each project type. Both, rail and road projects were found to be most affected by “heavy rainfall”, while “aridity” was mentioned more often for EIAs of high-voltage power lines than for any other project type. 
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Graph 1 Comparison of climate change impacts found in all evaluated Austrian EIA documents per project type 
Exploring the link to environmental issues again differences between the sector specific EIA could be found (see graph 2). The sub-issue “forest” was addressed in about 40% of high-voltage overhead power line EIA documents. “Soil” (nearly 25%) and “natural hazards” (about 10%) were also linked to issues relevant for adaptation to climate change. “Water”, “climate/air”, “animals", “plants”, “habitats” (except forests) and “humans”, on the other hand, were rarely associated with the search terms in the case of electricity projects. About 10% of the results cannot be attributed to any specific environmental issue. In the EIA documents of road projects, search terms are frequently mentioned in connection with “forests”. 
Furthermore, almost 40% of relevant road project results can be attributed to the sub-issue “habitats”. “Soil” and “surface water” are also addressed frequently in the context of climate change. The results associated with these environmental issues each make up approx. a quarter of the total results. Approx. 10% of the hits in the road EIA documents aim at changes to “climate”.

In the case of rail projects, it is not “forests”, but rather “soil” that is mentioned most frequently (about 30% of relevant results). “Surface water” obtains a similar number of hits, making up more than a quarter of all relevant results for this project type. In contrast to the other two project types, “forests” are only addressed in about 10% of the results for rail projects. With 5% to 10%, “climate” is mentioned to a similar extent in the case of road projects. “Natural hazards”, “plants”, “animals” and “habitats”, and particularly “ground water” and “humans”, are addressed only rarely. Hits that can’t be attributed to any specific environmental issue make up a relatively large proportion here (approx. 15%). 
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 Graph 2: Comparison of environmental issues found in all evaluated Austrian EIA documents per project type
4. Discussion and outlook
Regarding the consideration of potential impacts on projects of climate change, our “ex-post evaluation” is providing a good basis for discussing necessary changes in order to meet requirements of EIA Directive 2014/52/EU. Based on the data obtained, scenarios can be elaborated on with different stakeholder groups of how these issues should best be considered in the future. As the ex-post evaluation also included a detailed analysis of the documents prepared at the different stages of EIA, along with a qualitative analysis of the most important aspects of climate change adaptation related to environmental protection, concrete suggestions for future handling of the consequences of climate change adaptation can be explored. The results of the first steps of the study will now be used as a point of comparison with other results, the evaluation of effects and guidance documents (Agrawalla et al.2010, European Commission 2013, BMVBS 2013, Streitberger et al. 2016, UBA 2017). 
Other empirical research results from Germany, the Scandinavian countries and the United Kingdom will also be considered. In March/April 2017, the results of the ex-post evaluation will be discussed with the stakeholder group involved in EIA in a series of guided interviews, focussing on the requirements, awareness and past experience of the different stakeholders regarding adaptation to climate change. The interviews will be used to review the criteria for the scenario analysis, which will be conducted between June and November 2017. This will help the analysis of further reasons for consideration/non-consideration of climate change impacts in EIA. Furthermore, the status quo regarding adaptation will be critically evaluated, including current obstacles and specific requirements in the case of on going EIA procedures and project plans. 
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