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Abstract Adaptation and mitigation are complementary strategies for addressing the impacts 

of climate change, yet are often considered separately. This paper examines the literature for 

evidence of the interactions of adaptation and mitigation measures across the agriculture, 

biodiversity, coasts, forests, urban and water sectors, focusing on Europe. It found that often 

adaptation and mitigation synergies and conflicts were not explicitly mentioned within a 

sector, let alone between sectors. Most measures, however, were found to have an effect on 

another sector, resulting in neutral, positive (synergies) or negative (conflicts) interactions 

within and between sectors. Many positive cross-sectoral interactions involved biodiversity 

or water and thus these could represent good starting places for the implementation of 

integrated, cross-sectoral strategies. Previous studies suggest that adaptation and mitigation 

are undertaken on different time and geographical scales; this study found many local scale 

measures which could facilitate integration between both adaptation and mitigation. It is 

important that cross-sectoral interaction of adaptation and mitigation measures are explicitly 

recognised if they are to be mainstreamed into policy, so that positive outcomes are enhanced 

and unintended consequences avoided. 
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1 Introduction 

Given the projected changes in climate, both means and extremes, adaptation and mitigation 

will continue to be important responses for addressing the causes and impacts. Traditionally 

viewed as two separate actions within climate impacts science, and often dealt with by two 

different sets of policy makers, their interaction has largely been ignored (Biesbroek et al. 

2009). This could, potentially, lead to further adverse consequences, for example, where there 

are short term benefits of adaptation, but long-term adverse consequences for mitigation. The 

interrelationship between adaptation and mitigation is, therefore, complex, with a number of 

differences including spatial, temporal, and administrative scales (see Biesbroek et al. 2009 

for a discussion).  

We define adaptation as ‘an action which avoids the unwanted impacts of climate change, 

and can also be a means of maintaining or restoring ecosystem resilience to single or multiple 

stresses’ (Convention on Biological Diversity 2005). Mitigation was considered as any 

actions seeking a net reduction of greenhouse gas (GHG) emissions or involving the 

protection and promotion of carbon sinks, through land use and habitat management. 

However, the two are inherently linked, for example, a high level of mitigation could require 

less adaptation and conversely with sufficient adaptation, there is a possible reduced need for 

mitigation (Wilbanks et al. 2007), although scale differences in the implementation of these 

actions has been suggested, with adaptation viewed as local and mitigation as global. 

Increasingly it is recognised in practice and policy that adaptation and mitigation need to be 

addressed by all sectors, for example the EU Adaptation Strategy (COM (2013), 216), but 

their interrelationship needs to be well understood to maximise potential synergies, avoid 

conflicts and consider trade-offs (Tol, 2005; Smith and Oleson, 2010; VijayaVenkataRaman 

et al. 2012). This requires a holistic approach (Walsh et al. 2010; Harry and Morad 2013) and 

thus creating combined frameworks of adaptation and mitigation to assess climate change 

strategies is essential (van Vuuren et al. 2011; Viguié and Hallegatte 2012); there being no 

place for an adaptation and mitigation dichotomy in future climate policy (Bosello et al. 

2013). Further research to improve understanding of the links between these measures would 

help the construction of such frameworks and greatly improve policy, as win-win solutions 

are much more efficient than those with adverse effects (Laukkonen et al. 2009; Walsh et al. 

2010; Smith 2012; Viguié and Hallegatte 2012).  

A review was undertaken to gather evidence from the literature on cross-sectoral interactions 

of adaptation measures within the agriculture, biodiversity, coasts, forestry, urban and water 

sectors. The review was targeted to support the modelling work within the CLIMSAVE 

project on impacts, vulnerability and adaptation to climate change (Harrison et al. this 

volume). However, it was extended to include mitigation, so that three key questions related 

to the knowledge gaps identified above, and their importance for future effective climate 

change responses and policy, could be addressed: 

1) What is the nature of, and evidence for, cross-sectoral interactions between adaptation and 

mitigation measures? 

2) Which measures are synergistic or in conflict? 

3) What are the implications for adaptation and mitigation policy? 

 

2 Methodology  

To address these questions, a literature search was undertaken to identify, for each sector, 

relevant papers for a selection of adaptation and mitigation measures. We focused on 
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measures of relevance to adaptation in the CLIMSAVE Integrated Assessment Platform 

(Harrison et al. this issue) and/or which had a good level of evidence. These measures were 

used as keywords alongside sector-specific subject terms (Supplementary material Table 1) 

and input into SciVerse Scopus or Web of Knowledge. The hits were sorted by relevance and 

with no restriction on year, but preference was given to more recent papers. Given the large 

number of measures, it was aimed to identify twenty five papers per measure. While this 

number is arbitrary, it should enable the identification of the main evidence for cross-sectoral 

interactions. Where the number of hits was high, keywords were combined with sectorally-

specific terms. For example, in the coastal sector ‘coastal engineering’ produced 9049 hits, 

whilst ‘de-embankment’ produced only nine hits. For keywords, with greater than 100 hits, a 

search using the ‘AND’ function, with an additional relevant term, e.g. “dikes” and “salt 

marsh”, was initiated. Some keywords, e.g. “white-topping asphalt” for urban, were very 

specialised, and few hits were registered. For keywords with fewer than 25 hits, references 

were searched for relevant articles (i.e. snowballing), and subsequent citation of articles (i.e. 

reverse snowballing) were investigated in order to increase knowledge of the measures’ 

interactions.  Snowballing was particularly useful when there were few hits, but included an 

important review article.  

The initial search was based on the peer-reviewed literature which has been evaluated by the 

scientific community, but, when snowballing was undertaken, grey literature also was 

included. Articles were selected if the adaptation and mitigation measures had been carried 

out and explicit impacts on one of the six sectors were mentioned.  Those with quantitative 

results, case study examples, plus details on synergies, conflicts and trade-offs were favoured. 

Data on: sector(s) impacted; nature of the impact; scale of impact; time scale of 

implementation/impact; and evidence of adaptation affecting mitigation or vice versa were 

also sought to address the first two questions on knowledge gaps. Primarily, articles relevant 

to Europe were used, as this is the focus of CLIMSAVE, but excellent, relevant examples 

from elsewhere were also included where they demonstrated new knowledge and potential 

learning and application to Europe.  

 

3 Analysis of cross-sectoral interactions 

The number of explicit references to cross-sectoral interactions was low, as often they were 

not the focus of a paper, so they had to be inferred from knowledge of sectoral adaptation and 

mitigation options. Explicit examples tended to be found in more multi-disciplinary studies. 

Also, there was a lack of clarity in how the terms synergies and conflicts were used. The 

main confusion concerned whether the synergy/conflict was between an adaptation or 

mitigation measure and a climate change impact, or only between the measures themselves. 

Here we propose a set of definitions to overcome this confusion. 

Cross-sectoral interactions are the effects that an adaptation or mitigation measure in one 

sector has on another sector, but the measure does not affect adaptation or mitigation in that 

other impacted sector.  These interactions, however, could have various outcomes for 

adaptation and mitigation in the affected sector: neutral (no impact), positive (beneficial 

impact) or negative (detrimental impact). If the adaptation or mitigation measure enhances 

adaptation or mitigation in the same, or another sector, it is defined as a synergy, while if it 

adversely affects adaptation or mitigation within the same, or another sector, it is defined as a 

conflict and leads to the need to consider trade-offs. A range of interactions (neutral, positive 

or negative), and the synergies and conflicts identified in this review are summarised in Table 

1 (for a fuller version see Table 2, Supplementary material) and a selection are discussed 

below to illustrate the types of interactions identified. 
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Insert Table 1 near here. 

 

3.1 Neutral Interactions 

The neutral category is the smallest, as it is rare that adaptation or mitigation measures have 

no effect on other sectors, although there are, of course, within-sector impacts. Most of those 

identified concerned adaptation in the urban sector to reduce temperatures, where strategies, 

such as white topping or building measures (e.g. Greece, Synnefa et al. 2011; the 

Netherlands, Kleerekoper et al. 2012), have no recorded direct effect on other sectors, 

although by decreasing temperatures they may reduce the need for other urban adaptation 

and/or mitigation measures. There were few other neutral measures, although some 

biodiversity adaptation measures, many of which are site-based, such as habitat restoration 

have minimal impact outside the sector (Hannah et al. 2010). This would not apply to 

protected area expansion or new sites, as they would take land from other uses. 

3.2 Positive Cross-sectoral Interactions 

This category had about 50% more recorded cross-sectoral interactions in terms of the sectors 

involved compared with negative interactions and nearly twice as many impacts from 

adaptation and mitigation measures, with many of them involving biodiversity or water 

(Supplementary material Table 2).  

Those identified in this review only concerned water quality, with many of the examples 

related to coasts in the Netherlands and UK, where evidence was found for saltmarsh 

restoration leading to improvements in local water quality (e.g. Blackwater Estuary, UK, 

Chang et al. 2001; Shepherd et al. 2007), providing treatment of stormwater runoff, as well as 

a sink for contaminants and nutrients (Humber Estuary, UK, Andrews et al. 2008; Essex 

estuaries, UK, Garbutt and Wolters 2008). Shepherd et al. (2007) quantified the benefits of 

managed realignment for the Blackwater Estuary as an additional annual storage of 200-795 

tonnes of nitrogen and 146-584 tonnes of phosphorus. Biodiversity strategies, such as the 

corridors being created in the Netherlands as part of the de Doorbraak project, have also led 

to improvements in water quality (Waterschap Regge en Dinkel 2011). Similarly for forestry 

it was found that planting on former agricultural land may restore water quality (especially 

nitrate levels) and recharge to pre-agricultural levels (Plantinga and Wu 2003). 

3.3 Negative cross-sectoral interactions  

As with the positive cross-sectoral interactions, negative ones only were found which 

impacted the water sector. For example, in agriculture, a lack of soil mixing in no-tillage 

systems caused greater herbicide concentrations in run-off water (Stevens and Quinton 2009), 

whilst in Denmark delayed sowing of winter cereals resulted in reduced autumn and winter 

nitrogen uptake by crops, leading to higher nitrogen leaching (Olesen et al. 2004). For coasts, 

wetland creation can lead to a short-term decline in water quality due to increased 

concentrations of heavy metals and increased nutrient levels (Georgia, US, Loomis and Craft 

2010). 

3.4 Synergistic interactions 

No explicit within sector synergies were identified, but some potential synergies can be 

proposed since adaptation measures in the same sector are often aimed at addressing 

different, but related issues. For example, crop breeding may seek to reduce climate stresses 

while maintaining/increasing yields or addressing climate-related increases in pests or 

diseases. Synergies within a sector, however, may be complementary or alternative measures 

for dealing with the same issue. For example, there are several stormwater management 
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options in urban areas through the use of different types of greenspace, such as green roofs 

(Mediterranean, Fioretti et al. 2010), Sustainable Urban Drainage Systems (SUDS) (Wise et 

al. 2010) and urban trees (Greater Manchester, UK, Gill et al. 2007).  

Most potential synergies between adaptation measures in different sectors, while being 

implicitly synergistic were not promoted as such, thus opportunities for enhancing adaptation 

co-benefits were not realised. It is likely that many synergies with biodiversity will become 

more explicit, given its role in a range of adaptation and mitigation measures and the 

increasing interest in ecosystem services, including climate regulation (e.g. Balvanera et al. 

2006) and in ecosystem-based adaptation (Munang et al. 2013). Synergies identified included 

various urban green infrastructure measures which have a range of within-sectoral and cross-

sectoral synergies. SUDS, for example, whilst aiding adaptation for the water sector, can 

restore some ecosystem functions in urban areas, through habitat restoration (e.g. green 

roofs), and soil moisture replenishment (New York, US, Spatari et al. 2011). SUDS, greening 

measures and wetland creation all can have synergies with biodiversity, providing both 

feeding and habitat areas for birds and insects (e.g. London, UK, Chance 2009).  

The greatest numbers of explicit synergies recorded were between adaptation and mitigation, 

whether in the same or a different sectors. For a number of measures there were both within 

and between sector synergies and in order to avoid this division of the synergies associated 

with a measure, they are discussed together. Given the carbon content of biomass, any 

measure that increases biomass will enhance carbon sequestration, while adaptation measures 

which conserve, enhance or restore carbon-dense ecosystems, like peatland and forest, will 

similarly contribute to mitigation. A number of the coastal adaptation measures affected 

mitigation positively, although carbon sequestration mostly was considered a co-benefit, 

rather than the reason for implementing a scheme. Saltmarsh creation, for example, provides 

a natural coastal defence and is an effective carbon sink (England, Luisetti et al. 2011). 

Urban adaptation, especially green infrastructure, can contribute to mitigation through 

avoided emissions and carbon storage (Leicester, UK, Davies et al. 2011). 

3.5 Conflicts 

As with synergies, almost no conflicts explicitly mentioned the impacts of an adaptation or 

mitigation measure on adaptation or mitigation in the impacted sector, thus conflicts only 

could be inferred. There are a number of implicit examples of adaptation conflicts, especially 

in relation to biodiversity. For example, increases in biofuel production and some forestry 

plantings and operations (Nabuurs et al. 2007). Additionally, coastal hard-engineering could 

prevent coastal ecosystems migrating inland in response to sea-level rise. Also, in the water 

sector agriculture can conflict with adaptation measures related to water supply to other users 

through increased demand (Giannakopoulos 2009). 

Almost all examples of adaptation conflicting with mitigation concerned the agricultural or 

coastal sectors. For example, tidal barriers can degrade intertidal habitat leading to loss of a 

carbon sink (Oosterschelde, Netherlands Schekkerman et al. 1994), whilst the carbon storage 

benefits of saltmarsh creation may be more than offset by methane and nitrous oxide releases 

(Southern Sweden, Thiere et al. 2011). Very few explicit negative mitigation impacts on 

adaptation were identified and these mostly occurred in the agriculture, urban and forestry 

sectors. For example, plantations can decrease biodiversity adaptation through reducing 

diversity and habitat quality (Brockerhoff et al. 2007) and some conservation agriculture 

practices lead to increased nitrous oxide emissions (Carlton et al. 2012).  
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Almost no examples were found of conflicts between mitigation measures, although there 

were several examples of trade-offs resulting from measures which increase emissions of 

other GHGs, such as the wetland creation mentioned above (Thiere et al. 2011).  

 

4 Discussion  

This paper is one of the first to address the cross-sectoral interactions, synergies and conflicts 

between adaptation and mitigation measures. For some measures the level of explicit 

evidence of their impact is limited, thus suggesting that cross-sectoral interactions currently 

are not seen as important to take into account. Nevertheless, it has identified some common 

themes which can be used to suggest possible effective responses to climate change and their 

implications for policy. 

In terms of the first question posed in the introduction to this paper on the nature of, and 

evidence for, cross-sectoral interactions, the review found a lack of information on some 

measures or little explicit reference to and analysis of within-sectoral and cross-sectoral 

impacts of measures.  This is despite high level calls for action on adaptation and mitigation 

and for their mainstreaming into policy (e.g. European Commission 2013a), and suggests a 

continuation of the past pattern of adaptation and mitigation being considered independently 

(e.g. Klein et al. 2007). Thus many synergies (and conflicts) are unrecognised or not 

explicitly acknowledged and are under-represented in the literature and, as was found in this 

review, even those with such information, often lacked evidence on their effectiveness and 

wider impacts. This is partly due to little long-term monitoring of the strategies (Adger et al. 

2005) and to the time taken for the success of some measures to become evident (Louters et 

al. 1998). Also, in the case of biodiversity, there is not always a clear distinction between 

good management practice and specific climate change adaptation, since resilient ecosystems 

are more likely to be able to adapt autonomously and require less intervention (e.g. Tompkins 

and Adger 2004; European Commission 2013b). 

Secondly, while some neutral cross-sectoral interactions were found, most measures resulted 

in (usually implicit) synergies or conflicts, with examples primarily demonstrating how 

adaptation could contribute to mitigation, rather than vice versa. The majority of interactions 

were positive, although there is a danger in assuming that the frequency of mention, or 

evidence of an interaction, represents the significance of a particular category of interaction. 

More importantly it found that the effect on the impacted sector could often be considered 

consistent with adaptation measures for that sector, as shown by the green typeface in Table 2 

(Supplementary material).  

In terms of the second question posed in the introduction, many of the positive cross-sectoral 

interactions and synergies involved biodiversity or water and those for biodiversity could also 

be considered to represent ecosystem-based adaptation (or mitigation). A number of 

interactions with biodiversity involved habitat restoration or creation by other sectors (e.g. 

coasts, urban) and potential benefits included biodiversity conservation, carbon sequestration, 

and sustainable water management. The identified negative interactions and conflicts mostly 

concerned water quantity and quality or biodiversity and competing land uses, which will 

lead to trade-offs. For example, Daccache et al. (2012) suggest that given competition for 

water, and existing conflicts (e.g. between irrigation and public water supply and 

environmental protection) trade-offs are inevitable. Numerous trade-offs are also present in 

long-term coastal management, however, these can be overcome by developing more 

coherent cross-scalar approaches to planning and increasing collaboration during the 

decision-making process (Few et al. 2004). The number of adaptation and mitigation 
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measures for which trade-offs can be identified (whether implicitly or explicitly) highlights 

the importance of more integrated management.  

A number of other factors should be taken into account when considering adaptation and 

mitigation measures, their impacts and interactions (Berry et al. 2009). Firstly, it is possible 

that while measures in one sector may not contribute to adaptation or mitigation in another 

sector, nevertheless they can improve environmental conditions, such as water and soil 

quality, in the impacted sector. Measures such as these increase adaptive capacity by 

increasing resilience and robustness both to climate and other changes (Tol 2005). They are, 

therefore, often seen as low, or no-regret measures, as their benefits are realised regardless of 

the uncertainties surrounding future climate projections (Hallegatte 2009). For example, in 

urban areas rainwater harvesting and greywater re-use decentralise water supply, reduce 

potable water use, and increase regional resilience to drought by improving security 

(Graddon 2010). In the absence of synergies, such actions should be preferred, as they are 

likely to produce overall environmental benefits and be more cost-effective. This review 

found that few authors explicitly included such opportunities, or showed how the impact 

could vary depending on circumstances. 

Previous studies have often suggested that adaptation and mitigation occur on different 

scales, with adaptation being mostly local, small scale; whereas mitigation is more global, 

dealt with by national governments and international agreements (Tol 2005; Biesbroek et al. 

2009; Jarvis et al. 2011). Preston et al. (2013) tested the heuristic that “adaptation is local” 

and found 59 % of adaptation documents analysed endorsed this view. This review, focusing 

more on implementation, found that many measures were undertaken at similar scales. For 

example, mitigation actions such as, tree planting (Leicester, UK, Davies et al. 2011), green 

roofs (Brenneisen 2006), and low energy residential developments (London, UK, Chance 

2009) in urban areas; local saltmarsh and floodplain restoration schemes and conservation 

agriculture (Six et al. 2004), are all implemented at small, often local scales. Adaptation 

options, such as SUDS (Andersen et al. 1999), building measures (Artmann et al. 2008), 

testing genetic diversity (Singh and Reddy 2011), changing seed sowing dates (Tubiello et al. 

2000) and the construction of low-crested structures (Lamberti et al. 2005) again all occur at 

local scales. This is not to say that local projects will individually achieve reductions in 

global GHG concentrations, or to neglect the fact that some mitigation projects are much 

larger in scale, however, the review found most mitigation actions in Europe seemed to be 

locally implemented. Mitigation has rarely been considered in this way (e.g. Wilbanks and 

Kates 1999; Lutsey and Sperling 2008), thus this review adds support to the suggestion of 

Wilbanks and Kates (1999) and Schreurs (2008) that adaptation and mitigation actions occur 

at similar, local scales, while benefits may be experienced at different scales.  

Differences in temporal scale for adaptation and mitigation were also found, although 

mitigation actions often led to long-term benefits, and adaptation to near-term benefits 

(Dessai and Hulme 2007). Many adaptation measures, such as changed sowing times, 

building measures, and rainwater harvesting schemes, can be implemented (relatively) 

quickly (Czech Republic, Trnka et al. 2004). However, the review also found evidence of 

adaptation occurring over much longer timescales, for example, the creation of ecological 

networks and new protected areas to facilitate species migration responses to climate change, 

and afforestation using more climate-resilient genotypes. Similarly, many mitigation efforts, 

such as saltmarsh creation for carbon storage (Choi et al. 2001), or reforestation for carbon 

sequestration purposes (SW Spain, Caparrós et al. 2010), take place over longer timescales 

and require longer to become effective. These findings show that, in addition to potential 

match in terms of spatial scale, the temporal scale of mitigation and adaptation measures also 

can be similar. Past literature has often emphasised the temporal and spatial mismatch of 
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scales as posing a barrier to the integration of mitigation and adaptation, and the successful 

evaluation of trade-offs (Tol 2005; Howden 2007). Results from this review, however, 

suggest that there are many cases in which the scales are comparable, thus providing support 

for arguments to change this perceived barrier and to integrate adaptation and mitigation (e.g. 

Preston et al. 2013).  

It is important that these within-sectoral and cross-sectoral interactions are taken into account 

in any mainstreaming of adaptation (or mitigation) in sectoral policies to enhance positive 

outcomes and to avoid unintended consequences (Klein et al. 2007). The largest category of 

synergies identified was between adaptation and mitigation within a sector. Often these 

synergies (and conflicts) were not explicit and, if adaptation and mitigation are to be more 

successful, these need to be stated explicitly and the benefits of measures quantified, in order 

that greater effectiveness can be achieved or trade-offs dealt with (see Stoorvogel et al. 2004; 

Jarvis et al. 2011). This would require greater cross-sectoral working and integration across 

relevant policies at all levels of governance as advocated by the EU White Paper on 

“Adapting to Climate Change” (European Commission, 2009) and the recently adopted EU 

“Strategy on adaptation to climate change” (European Commission, 2013a). Thus it is 

recommended that all interactions, whether synergistic or conflicting, and trade-offs should 

be part of any formal assessment of the impacts of adaptation and mitigation measures, in 

order to achieve integrated and efficient responses to climate change. One example of 

potential cross-sectoral integration is ecosystem-based adaptation which increasingly is being 

promoted by the UNFCCC
1
 and by the EU. The Impact Assessment accompanying the EU 

Strategy on adaptation to climate change suggests that “there is growing recognition of the 

importance of ecosystem-based approaches by other sectors, particularly in relation to coastal 

protection, urban planning and water management” p33 (European Commission 2013c). Such 

an approach also is advocated in the EU Biodiversity strategy to 2020 as a cost-effective way 

to address climate change adaptation and mitigation while offering multiple benefits beyond 

biodiversity conservation (European Commission 2011). It is further stressed in the 

Communication on Green Infrastructure (European Commission 2013d) and this review 

found evidence to support this, for example, green infrastructure, including green roofs, urban 

trees, and SUDS (e.g. Wise et al. 2010; Fioretti et al. 2010). It is interesting that biodiversity 

adaptation measures appeared to have little or no direct impact on other sectors or were 

synergistic, thus further supporting the ecosystem approach to environmental management.  

Moving forward it is logical to favour strategies involving a high number of synergies to 

avoid unsustainable pathways or lock-in and promote cost effectiveness (Bosello et al. 2013; 

Skourtos et al. this volume). However, the flexibility of schemes and the extent to which they 

offer no-regret solutions and increase resilience, are also important to consider (Adger et al. 

2005; Hallegatte 2009), as they can substantially reduce climate change impact uncertainties. 

Several of the measures reviewed are no-low regret and have synergies with mitigation 

and/or adaptation and mitigation in other sectors, but other factors may influence their 

effectiveness. For example, habitat and wetland creation both have synergies with mitigation, 

but while the latter is a very effective carbon sink, the extent of mitigation provided by 

habitat creation is highly dependent on habitat type. Similarly, the strength of mitigation 

provided by afforestation with climate-resilient genotypes depends on the ability of new 

species to sequester carbon and their vulnerability to other drivers of change. Taking the 

above factors into consideration, it appears that some of the most favourable options are those 

which work across sectors, restoring and enhancing the natural capacity of biodiversity to 

provide ecosystem services. For example, SUDS options and green infrastructure options 

                                                           
1
 http://unfccc.int/resource/docs/2013/sbsta/eng/02.pdf 
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benefit adaptation in the water and urban sectors, as well as contributing to mitigation 

through carbon storage, reduction of the heat island effect and providing habitat for 

biodiversity (Greater Manchester, UK, Gill et al. 2007). 

 

5 Conclusions  

This paper is one of the first to address the cross-sectoral interactions, synergies and conflicts 

between adaptation and mitigation measures. It found that there are knowledge and/or 

reporting gaps on the cross-sectoral interactions between the measures, with many synergies 

and conflicts not explicitly recognised. Nevertheless, some explicit and more implicit 

evidence of the highly cross-sectoral nature of many of these measures was identified, with 

many of those examined having synergies with other sectors. The need for cross-sectoral 

integration is acknowledged in current international adaptation policy, and given the number 

of interactions identified by this review involving biodiversity and water, actions like 

ecosystem-based adaptation or mitigation and blue/green infrastructure seem promising as 

they involve a high number of synergies and benefit multiple sectors. Realisation of these 

synergies will require cross-sectoral working which presents the challenges of collaboration 

across sectors, as well as engagement with multiple stakeholders. Also, it will require 

appropriate metrics for the standardised assessment of which measures are the most effective. 

It will, however, assist the mainstreaming of adaptation and mitigation into policy and 

provide opportunities for more efficient, cost-effective adaptation and mitigation to be 

undertaken. 
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 Sectors impacted by adaptation measure 
 

Adaptation measures 
Water Biodiversity Urban Forests Agriculture Coasts Mitigation effect 

Agricultural irrigation  Decrease supply to 

other water users; 

water saving 

irrigation techniques 

could reduce demand
 

Reduce water in 

rivers and lakes 

can adversely 

affect 

biodiversity, 

especially 

wetlands
 

    Possible increased 

soil C storage; water 

saving techniques 

could reduce energy 

demand; reduce CO2 

emissions; decrease 

CH4 emissions by 

intermittent 

irrigation of paddy 

rice
 

Habitat restoration  Peatland/coastal 

restoration increases 

water storage; 

decrease flood risk
 
; 

increase water quality 

    Improve 

coastal 

defence; 

increase 

tidal 

prism/ 

erosion 
 

Wetlands/coastal 

habitats restoration 

will increase carbon 

sequestration
 

Coastal managed 

realignment 

Long-term 

improvement in water 

quality; short-term 

may be negative
 

Increased 

habitat; 

benefits most 

species
 

Increase/decrease 

urban protection
 

 Loss of 

agricultural 

land
 

 Increase carbon 

sequestration; 

increase in CH4 and 

N2O emissions  

Afforestation/reforestation Can reduce (peak) 

river flow; restore 

water quality; 

groundwater 

recharge; increase 

water demand from 

trees; Drainage 

ditches increase peak 

Increase 

diversity and 

habitat 

availability; 

habitat 

loss/change; 

species loss due 

to chemical 

  Loss of 

agricultural 

land
 

 Increase C storage 

(on newly planted 

land; subsequent 

thinning and 

management can 

reduce C storage
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 Sectors impacted by adaptation measure 
 

Adaptation measures 
Water Biodiversity Urban Forests Agriculture Coasts Mitigation effect 

flows in early stages of 

plantations 

inputs and forest 

management
 

Urban trees and 

greenspace 

Runoff reduction; 

improve air quality by 

reducing particulate 

pollution
 

 

Habitat 

provision; 

increase 

biodiversity; 

increase 

allergens and 

invasive species 

    Carbon 

sequestration; 

reduce energy 

demand through 

decreasing 

temperatures
 

 

 

Table 1: Examples of adaptation measures identified in this review (both implicit and explicit), and their cross-sectoral interactions and effects 

on mitigation. Text in bold indicates a synergy between the measure and adaptation or mitigation in another sector; italics indicates a negative 

interaction or conflict between the measure and adaptation or mitigation in another sector; normal type indicates a neutral effect between the 

measure and adaptation or mitigation in another sector, but can represent an overall environmental benefit, such as an improvement in water 

quality. NB this is based on evidence found from the review and a fuller version of the Table and the sources of the information can be found in 

Table 2, Supplementary information. 
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Supplementary Material 

 

Subject  Adaptation Additio

nal 

adaptati

on term 

Mitigation Additiona

l 

mitigatio

n term 

Agriculture     

Agriculture
1 

Cover/catch crops 

Tillage 

No till 

Reduced tillage 

Spring crop 

Winter crop 

Irrigation 

Drain* 

 Reduced 

manure
3 

Mitigation 

Carbon 

storage 

Carbon 

sequestrati

on 

Arable
1 

 Nitrogen 

fixation
3
 

Crop
1 

 Fertiliser/fertili

zer
3
 

  Tillage
3
  

    

 Climate 

change 

  

    

Pasture
 

Breeding    

Grassland
 

Breeding    

Biodiversity     

 Habitat matrix
2 

Climate 

change 

adaptatio

n 

  

Biodiversity Protected areas
2
    

 Buffers
2
    

 Habitat restoration
2
    

 Ecological corridor    

Species Refugia
2
    

 Assisted migration
2
    

Habitat Stepping stones
2
    

 Restoration
2
    

Coasts     

 Beach nourishment Climate 

change 

adaptatio

n 

  

Coastal Wetland 

creation/Wetland 

restoration 

Adaptati

on 

Wetland 

creation/Wetla

nd restoration 

Carbon 

storage 

 Managed 

realignment/Managed 

retreat 

Europe   

 Storm-surge barrier Adaptati

on 
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Subject  Adaptation Additio

nal 

adaptati

on term 

Mitigation Additiona

l 

mitigatio

n term 

Salt marsh   Salt marsh
3
 Mitigation 

Carbon 

storage 
    

Coastal wetlands   Coastal 

wetlands
3
 

Mitigation 

Carbon 

storage     

Forests     

Forest* Afforestation  Afforestation
3
 Carbon 

sequestrati

on 

Carbon 

storage 

 Reforestation  Reforestation
3
 

 Agroforestry  Agroforestry
3
  

 Thinning  Thinning
3
  

Urban     

Cities Climate proofing/ 

Climate-proofing 

Adaptati

on 

  

 Smart growth Climate 

change 

  

Urban Green walls/ living walls Climate 

change 

adaptatio

n 

Green walls/ 

living walls 

Climate 

change 

mitigation 

 Green roofs/ living roofs Climate 

change 

adaptatio

n 

Green roofs/ 

living roofs 

Climate 

change 

mitigation 

 Storm water management Adaptati

on 

Greenspace Mitigation 

 Green infrastructure/ 

Green-infrastructure 

Climate 

change 

adaptatio

n 

  

 Intensification Climate 

change 

adaptatio

n 

  

Europe   Passive 

ventilation 

Climate 

change 

Europe   Sustainable 

construction
3 

Climate 

change 

mitigation 
Europe   Building 

design
3
 

Subject  Adaptation Additio Mitigation 
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nal 

adaptati

on term 

Europe   Public 

transport
3
 

Europe   Retrofitting
3
 

Water     

Runoff / storage
4
 Policy (water 

management, CAP etc) 

Floodplain restoration 

Urbanisation 

Afforestation / 

reforestation 

 Wetland 

creation  

Carbon storage 

Carbon 

sequestration 

 

Infiltration
4
   

Flow rate
4
   

Flood impact
4
    

Demand (for water 

resources)
 4

 

    

 Changing tillage practice
5 

Increase

d 

infiltrati

on 

  

 Extensification
5
   

 Stormwater source 

control
5
 

  

 Field Drainage
5
 Reduced 

run-off / 

increase

d storage 

  

 Afforestation
5
   

 Buffer strips/zones
5
   

 Hill slope connectivity
5
   

 Rainwater harvesting
5
   

 Bypass channels / flood 

diversion
5
 

  

 Detention ponds
5
   

 Wetlands and washlands
5
   

 Floodplain / wetland 

storage
5
 

  

 Channel restoration
5
   

 Floodplain restoration
5
   

 Drainage channel 

maintenance
5
 

Reduced 

flow rate 

 

  

 Drainage channel 

realignment
5
 

  

 Re-open culverted 

watercourses
5
 

  

Subject  Adaptation Additio

nal 

adaptati

on term 

Mitigation Additiona

l 

mitigatio

n term 

 Temporary defences
5
 Reduced 

flood 

impact 

  

 Land-use planning
5
   

 Dikes and embankments
5
   

 Floodplain restoration
5
   

 Water resource Demand   



15 
 

management
5
 

 Water use management
5
   

Agricultural users
6 

  Carbon 

sequestration 

Carbon storage 

Wetland 

creation 

Demand 

Domestic users
6
   

Industrial users
6
   

Freshwater wetlands
6
   Habitats 

Inland surface waters
6
   

Mires, bogs and fens
6
   

Grasslands and tall 

forb habitats
6
 

  

Heathland, scrub and 

tundra
6
 

  

Woodland and forest
6
   

Sparsely/unvegetated 

areas
6
 

  

Fish
6
    

Birds
6
    

Mammals
6
    

Reptiles / 

Amphibians
6
 

   

 

1
 each of these subjects was searched against each adaptation in the column to the right. 

2 
each of these adaptation terms was searched against the additional term Climate change 

adaptation 

3 
each of these mitigation terms was searched against each of the additional mitigation terms 

4 
each of these subjects was searched against each adaptation and mitigation term 

5 
each of these adaptation terms was searched against the additional adaptation terms 

6 
each of these subjects was searched again each of the mitigation and additional mitigation 

terms
 

 

Table 1: Literature review sectoral search terms. 

 

 

 

 

 

 

 



16 
 

 Sectors impacted by adaptation measure 
 

Adaptation measures 
Water Biodiversity Urban Forests Agriculture Coasts Mitigation effect 

Agriculture   

Irrigation  Decrease supply to 

other water users
1
; 

water saving 

irrigation 

techniques could 

reduce demand
2,3 

Reduce water in 

rivers and lakes 

can adversely 

affect biodiversity, 

especially 

wetlands
4 

    Possible increased 

soil C storage
5
; 

water saving 

techniques could 

reduce energy 

demand
6,7

; reduce 

CO2 emissions
8
; 

decrease CH4 

emissions by 

intermittent 

irrigation of paddy 

rice
8 

Crop type  Increase in water 

levels in wetlands
9 

     

Earlier sowing dates Decrease water 

requirement and 

stress in 

summer
10,11

/ spring 

crops increase 

irrigation need
11

 

     Possible increase in 

soil carbon 

storage
12

; spring 

sown crops could 

reduce N2O 

emissions
13 

Breeding    Loss of genetic 

diversity
14 
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 Sectors impacted by adaptation measure 
 

Adaptation measures 
Water Biodiversity Urban Forests Agriculture Coasts Mitigation effect 

Conservation agriculture Improve crop water 

use efficiency
15

; 

increase water 

storage
16,17

; reduce 

N 

leaching
13

;decrease 

crop water use 

efficiency
18,19

; no-

tillage can increase 

pesticide 

concentrations
20 

Increase soil fauna, 

including 

earthworm 

numbers; better 

habitat for micro-

organisms
21,22

; 

possible weed and 

pest control 

problems
23,24 

    Possible increase in 

soil C storage
25,26,27

, 

reduce energy 

inputs
28,29

; 

decrease/increase 

GHG emissions 

depending on 

measure & its 

implementation
30.31 

Targeting amount and 

timing of fertiliser 

application 

Improve water 

quality through 

reduced nitrogen 

leaching
32 

     Decrease GHG 

emissions
25 

Biodiversity        

Assisted colonisation    Increase 

climate 

change 

resilient 

species
33 

   

Corridors Improve water 

quality
34 

     Decrease energy 

demand in urban 

areas
35 

Networks    Possible 

loss of 

forest 

and 

carbon 

store
36 

Possible loss of 

agricultural 

land
36 

 Increased C storage 

likely with 

replacement of 

agricultural land
36 
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 Sectors impacted by adaptation measure 
 

Adaptation measures 
Water Biodiversity Urban Forests Agriculture Coasts Mitigation effect 

Habitat restoration  Peatland/coastal 

restoration 

increases water 

storage
37

; decrease 

flood risk
37 

; 

increase water 

quality
37,38

 

    Improve 

coastal 

defence 
38, 39,40

; 

increase 

tidal prism/ 

erosion 
39,41 

Restoring 

wetlands/coastal 

habitats will 

increase carbon 

sequestration
37,42,43 

Coasts        

Wetland/coastal habitat 

creation 

Decrease flood 

risk
44,45

; long-term 

improvement in 

water quality
46,47

; 

short-term may be 

negative
48 

Increased habitat
39

 

species richness 

and carrying 

capacity
49, 50, 51 

  Loss of 

agricultural 

land
42,50 

 Increase carbon 

sequestration
42, 43, 

52
; increase in CH4 

and N2O 

emissions
53-5 

Managed realignment Long-term 

improvement in 

water quality
56

; 

short-term may be 

negative,
53,57 

Increased 

habitat
39,58

; benefits 

most species
59 

Increase/decrease 

urban 

protection
60,61 

 Loss of 

agricultural 

land
50,62,63 

 Increase carbon 

sequestration
42

; 

increase in CH4 and 

N2O emissions 
53,55

 

Managed retreat Possible short-term 

reduction in water 

quality followed by 

overall 

improvement
64 

Habitat 

gains
47

/loss
58,65

; 

benefits most 

species 

Increase/decrease 

urban 

protection
60,61

 

 Loss of 

agricultural 

land
62,63

 

 Increase carbon 

sequestration
42

; 

increase in CH4 and 

N2O emissions
64 
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 Sectors impacted by adaptation measure 
 

Adaptation measures 
Water Biodiversity Urban Forests Agriculture Coasts Mitigation effect 

Low crested structures  Provision of novel 

habitat
66-68

; fish 

nursery ground
69

; 

increase in algae, 

but can prevent 

species settling on 

structure
67

; coastal 

squeeze
70 

     

Beach nourishment  Change 

assemblage
71

/loss 

of species
71-73 

     

Storm surge barriers Improve/decrease 

(on seaward and 

landward side of 

barrier respectively) 

of water quality and 

clarity
74

 

Habitat creation 

potential behind 

barriers; improved 

water quality can 

increase 

phytoplankton 

productivity; 

changed species 

composition
74,75,76

; 

also loss/ 

degradation of 

habitats
36,74,77

 

Protection from 

flooding
 74

 

   Tidal barriers if 

combined with 

energy production 

could reduce fossil 

fuel demand; lakes 

behind them can 

increase local 

temperatures
74,77 

Forests        
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 Sectors impacted by adaptation measure 
 

Adaptation measures 
Water Biodiversity Urban Forests Agriculture Coasts Mitigation effect 

Afforestation/reforestation Can reduce (peak) 

river flow; restore 

water quality; 

groundwater 

recharge; increase 

water demand from 

trees
78,79

; Drainage 

ditches increase 

peak flows in early 

stages of 

plantations
78,79

 

Increase diversity 

and habitat 

availability 
80,81

; 

habitat 

loss/change
80,81

; 

species loss due to 

chemical inputs 

and forest 

management
82 

  Loss of 

agricultural 

land
83 

 Increase C storage 

(on newly planted 

land
84-7

; subsequent 

thinning and 

management can 

reduce C storage
88 

Urban        

Green roofs Stormwater, 

infiltration and flow 

reduction
89-92

  

Habitat 

provision
93,94

, but 

challenging 

environment
95 

    Carbon 

sequestration
96,97

; 

reduce energy 

demand through 

decreasing 

temperatures
98 

Urban trees and 

greenspace 

Runoff reduction
99, 

100, 101
; improve air 

quality by reducing 

particulate 

pollution
102 

 

Habitat 

provision
103,104

; 

increase 

biodiversity
103,104

; 

increase allergens 

and invasive 

species
104,105

 

    Carbon 

sequestration
105-7

; 

reduce energy 

demand through 

decreasing 

temperatures
91, 99

 
107 

White-topping/cool 

pavements 

      Reduce energy 

demand through 

decreasing 

temperatures
108-10 
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 Sectors impacted by adaptation measure 
 

Adaptation measures 
Water Biodiversity Urban Forests Agriculture Coasts Mitigation effect 

Rainwater harvesting Reduces water 

demand
111-3

; 

especially domestic; 

decentralises water 

supply
112,113

 

      

Building measures e.g. 

insulation, air conditioning 

and passive ventilation 

      Reduce energy 

demand through 

decreasing 

temperatures
114-7

 

Sustainable urban  

drainage systems (SUDS) 

Reduced amount 

and peaks of 

runoff
90,118-121

; 

pervious pavements 

filter and store 

runoff; improved 

water quality via 

reduced diffuse 

pollution
122,123 

Can provide 

habitat
111, 124

; 

restore certain 

ecosystem 

functions
124 

     

Urban intensification/ 

densification 

Possible increased 

runoff
125  

Preserves 

greenspace (habitat 

for species) 
126 

  Can protect 

agricultural 

land from 

development
126-

9 

 Reduce GHG 

emissions through 

reduced travel 

distances
129,130

; 

decrease heating 

demands
131,132

; 

increase emissions 

due to traffic 

congestion
130 

Water        
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 Sectors impacted by adaptation measure 
 

Adaptation measures 
Water Biodiversity Urban Forests Agriculture Coasts Mitigation effect 

Increased infiltration e.g. 

changing tillage practices; 

storm water control 

  Reduce urban 

flooding
118-121

 

 Increase soil 

water 

availability
16,17 

  

Increased storage e.g. 

reduced drainage; RWHS 

afforestation; wetland 

restoration 

 Ponds can increase 

biodiversity
124 

   Reduce 

sediment 

supply
133

; 

saline 

intrusion
133 

Ecosystem-based 

measures could 

increase carbon 

sequestration
134 

Reduced flood impact e.g. 

through defences, 

planning 

 Change 

biodiversity
124 

    Ecosystem-based 

measures could 

increase carbon 

sequestration
134

 

Flood plain restoration Improve water 

quality
135 

Increase in wetland 

habitat and 

species
136 

    Ecosystem-based 

measures could 

increase carbon 

sequestration
134

 

Dams/reservoirs  Gain of lacustrine/ 

loss of riverine 

species/habitat; 

restricted species 

movement
137

  

    Reduce emissions 

from fossil fuel if 

HEP energy used 

instead
138

; direct 

increase in 

greenhouse gas 

emissions
138 

Table 2: Overview of adaptation measures identified in this review (both implicit and explicit), and their cross-sectoral interactions and effects 

on mitigation. Text in green indicates a synergy between the measure and adaptation or mitigation in another sector; red indicates a negative 

interaction or conflict between the measure and adaptation or mitigation in another sector; black indicates a neutral effect between the measure 

and adaptation or mitigation in another sector, but can represent an overall environmental benefit, such as an improvement in water quality. NB 

this is based on evidence found from the review and the sources of the information are indicated by the numbers.  



23 
 

1. Sauer T, Havlík P, Schneider, UA, Schmid E, Kindermann G, Obersteiner M (2010) 

Agriculture and resource availability in a changing world: The role of irrigation. Water 

Resourc Res 46(6):W06503 

2. Zhang YS, Cai RS, Fu LL, Liu LJ, Dong HF (2012) Greenhouse gas emissions from major 

agricultural activities in China and corresponding mitigation strategies. J of Zhejiang Univ 

(Agric & Life Sci.) 38(1):97-107 

3. Wang, J, Huang J, Rozelle S (2010) Climate Change and China’s Agricultural Sector: An 

Overview of Impacts, Adaptation and Mitigation, ICTSD–IPC Platform on Climate Change, 

Agriculture and Trade, Issue Brief No.5, International Centre for Trade and Sustainable 

Development, Geneva, Switzerland and International Food & Agricultural Trade Policy 

Council, Washington DC, USA 

4. Gerakis A, Kalburtji K, (1998) Agricultural activities affecting the functions and values of 

Ramsar wetland sites of Greece. Agric ecosys & environ 70(2):119-128 

5. Rosenzweig C, Tubiello FN (2007) Adaptation and mitigation strategies in agriculture: an 

analysis of potential synergies. Mitig & Adapt Strateg for Glob Change 12(5):855-873 

6. Ma LJ, Feng M (2006) The development of water saving irrigation is a way out of 

agriculture. Water Conservancy Sc & Technol and Econ 12(6):394 

7. Li LC, Zhang CJ, Han HZ (2007) Relevant problems in the development of water-saving 

irrigation. Shandong Water Resourc 6:37-38 

8. Zou XX, Li YE, Gao QZ, Wan YF (2012). How water saving irrigation contributes to climate 

change resilience—a case study of practices in China. Mitig Adapt Strateg Glob Change 

17:111-132 

9. Voldseth RA, Johnson WC, Guntenspergen GR, Gilmanov T, Millett BV (2009) Adaptation 

of farming practices could buffer effects of climate change on northern prairie wetlands. 

Wetlands 29(2): 635-647 

10. Giannakopoulos C, Le Sager P, Bindi M, Moriondo M, Kostopoulou E, Goodess CM (2009) 

Climatic changes and associated impacts in the Mediterranean resulting from a 2
o
C global 

warming. Glob & Planet Change 68(3):209-224 

11. Moriondo, M., Bindi, M., Kundzewicz, Z., Szwed, M., Chorynski, A., Matczak, P., 

Radziejewski, M., Mushtaq S, Moghaddasi M (2011) Evaluating the potentials of deficit 

irrigation as an adaptive response to climate change and environmental demand. Environ Sci 

& Policy 14(8):139-1150 

12. Smith P (2012) Agricultural greenhouse has mitigation potential globally, in Europe and in 

the UK: what have we learnt in the last 20 years? Glob Change Biol 18:35-43 

13. Olesen JE, Rubæk GH, Heidmann T, Hansen S, Børgensen CD (2004) Effect of climate 

change on greenhouse gas emissions from arable crop rotations. Nutr Cycling in 

Agroecosystems 70:147-160 

14. Mendum R, Glenna LL (2010) Socioeconomic Obstacles to Establishing a Participatory Plant 

Breeding Program for Organic Growers in the United States. Sustainability 2:3-91 

15. Klik A,  Eitzinger J (2010) Impact of climate change on soil erosion and the efficiency of soil 

conservation practices in Austria. J of Agric Sc 148(5):529-541 

16. Guo QY, Huang GB, Li GD (2005) Conservation tillage effects on soil moisture and water 

use efficiency of two phases rotation system with spring wheat and field pea in dryland. J of 

Soil & Water Conserv 19(3):165-169  

17. Li LC, Zhang CJ, Han HZ (2007) Relevant problems in the development of water-saving 

irrigation. Shandong Water Resourc 6:37-38 

18. Cantero‐Martínez C, Angás P, Lampurlanés J (2007) Long‐term yield and water use 

efficiency under various tillage systems in Mediterranean rainfed conditions. Annals of Appl 

Biol 150(3):293-305 



24 
 

19. De Vita P, Di Paolo E, Fecondo G, Di Fonzo N, Pisante M (2007) No-tillage and 

conventional tillage effects on durum wheat yield, grain quality and soil moisture content in 

southern Italy. Soil & Tillage Res 92(1):69-78 

20. Stevens CJ, Quinton JN (2009) Diffuse Pollution Swapping in Arable Agricultural Systems. 

Critical Reviews in Environ Sc & Technol 39(6):478-520 

21. Zhou SD, Zhou WK, Zhu HG, Wang CX, Wang Y (2010) Impact of climate change on 

agriculture and its countermeasures. J of Nanjing Agricultural Univ (Soc Sci Edition) 

10(1):34-39 (in Chinese with English abstract) 

22. Xiong HY, Li TX, Zhang XZ, Yu HY (2008) Amount changes of microorganism and 

microbial biomass of no-tillage paddy soil after paddy-upland rotation. Soils 40(6):920-925 

23. Freibauer A, Rounsevell MDA, Smith P, Verhagen J (2004) Carbon sequestration in the 

agricultural soils of Europe. Geoderma 122:1-23 

24. Šíp V, Růžek P, Chrpová J, Vavera R, Kusá H (2009) The effect of tillage practice, input 

level and environment on the grain yield of winter wheat in the Czech Republic. Field Crops 

Res 113(2):131-137 

25. Álvaro-Fuentes J, López MV, Cantero-Martinez C, Arrúe JL (2008) Tillage effects on soil 

organic carbon fractions in Mediterranean dryland agroecosystems. Soil Sc Soc of Am J 

72(2):541-547 

26. Melero S, López-Garrido R, Murillo JM, Moreno F (2009) Conservation tillage: Short-and 

long-term effects on soil carbon fractions and enzymatic activities under Mediterranean 

conditions. Soil & Tillage Res 104(2):292-298 

27. Kassam A, Friedrich T, Derpsch R, Lahmar R, Mrabet R, Basch G, González-Sánchez EJ, 

Serraj R (2012) Conservation agriculture in the dry Mediterranean climate. Field Crops Res 

132:7-17 

28. Khaledian MR, Mailhol JC, Ruelle P, Mubarak I, Perret, S (2010) The impacts of direct 

seeding into mulch on the energy balance of crop production system in the SE of France. Soil 

& Tillage Res 106(2):218-226 

29. Carlton RR, West JS, Smith P, Fitt BD (2012) A comparison of GHG emissions from UK 

field crop production under selected arable systems with reference to disease control. Eur J of 

Plant Pathol 133(1):333-351 

30. King JA, Bradley RI, Harrison R, Carter AD (2004) Carbon sequestration and saving 

potential associated with changes to the management of agricultural soils in England. Soil 

Use & Manag 20(4):394-402  

31. Desjardins RL, Smith W, Grant B, Campbell C, Riznek R (2005) Management strategies to 

sequester carbon in agricultural soils and to mitigate greenhouse gas emissions. Clim Change 

70:283-297 

32. Leifeld J, and Fuhrer J (2005) Greenhouse gas emissions from Swiss agriculture since 1990: 

implications for environmental policies to mitigate global warming. Environ Sc & Policy 

8(4):410-417 

33. Chapin III FS, Danell K, Elmqvist T, Folke C, Fresco N (2007) Managing climate change 

impacts to enhance the resilience and sustainability of Fennoscandian forests. AMBIO 

36(7):528-533 

34. Waterschap Regge en Dinkel (2011) De Doorbraak Project. 

http://www.wrd.nl/dedoorbraak/algemene_onderdelen/english. Accessed June 2013 

35. Kazmierczak A, Carter J (2010) Adaptation to climate change using green and blue 

infrastructure. A database of case studies. Interreg IVC Green and blue space adaptation for 

urban areas and eco towns (GRaBS). Manchester, UK. Available at: http://www.grabs-

eu.org/ Accessed: July 2012. 

http://www.grabs-eu.org/
http://www.grabs-eu.org/


25 
 

36. BMU (2008) German strategy for adaptation to climate change. German Federal Cabinet, 

73pp. Available: http://www.bmu.de/files/english/pdf/application/pdf/das_gesamt_en_bf.pdf 

Accessed: June 2013. 

37. www.restoringpeatlands.org. Accessed June 2012. 

38. Verbessem I, van den Bergh E, de Regge N, Soors J, de Belder W, de Groot R (2007) 

Sediment characteristics and sedimentation-erosion processes on Ketenisse polder one year 

after levelling. Aquat Ecosys Health & Manag 10(1):87-92 

39. Teal JM, Weishar L (2005) Ecological engineering, adaptive management, and restoration 

management in Delaware Bay salt marsh restoration. Ecol Eng 25(3):304-314 

40. Symonds AM, Collins MB (2007) The establishment and degeneration of a temporary creek 

system in response to managed coastal realignment: The Wash, UK. Earth Surface Proc & 

Landf 32(12):1783-1796 

41. Irving AD, Connell S, Russell D, Bayden D (2011) Restoring Coastal Plants to Improve 

Global Carbon Storage: Reaping What We Sow. PLoS One 6(3):e18311 

42. Luisetti T, Turner KR, Bateman IJ, Morse-Jones S, Adams C, Fonseca L, (2011) Coastal and 

marine ecosystem services valuation for policy and management: Managed realignment case 

studies in England. Ocean & Coast Manag 54:212-224 

43. Trulio L, Callaway J, Crooks S, (2007) White Paper on Carbon Sequestration and Tidal Salt 

Marsh Restoration, 4pp. 

44. Wilson L, Wilson J, Holden J, Johnstone I, Armstrong A Morris M (2011) The impact of 

drain blocking on an upland blanket bog during storm and drought events, and the importance 

of sampling-scale. J of Hydrol 404:198-208 

45. Howgate, OR Kenyon, W (2009) Community cooperation with natural flood management: a 

case study in the Scottish Borders. Area 41(3):329-340 

46. Darnell JT, Heilman DJ (2007) Fringe Benefits. Civil Engin 77(5):50-55 

47. Woodward RT, Wui, Y-S (2001) The economic value of wetland services: a meta-analysis. 

Ecol Econ 37(2): 257-270 

48. Mauchamp A, Chauvelon P, Grillas P (2002) Restoration of floodplain wetlands: Opening 

polders along a coastal river in Mediterranean France, Vistre marshes. Ecol Eng 18:619-632 

49. Bernhardt K-G, Koch, M (2003) Restoration of a salt marsh system: temporal change of plant 

species diversity and composition. Basic & Appl Ecol 4(5):441-451 

50. Pontee NI (2007) Realignment in low-lying coastal areas: UK experiences. Proceedings of 

the Institution of Civil Engineers: Marit Eng 160(4):155-166 

51. Wells MJ, T Turpin (1999) Creating a Wetland Using Rainwater as Mitigation for Loss of 

Waterfowl Habitat. Water & Environ J 13(3):157-163 

52. Yu OT Chmura GL (2009) Soil carbon may be maintained under grazing in a St Lawrence 

Estuary tidal marsh. Environ Conserv 36(4):312-32 

53. Blackwell MSA, Yamulki S, Bol R (2010) Nitrous oxide production and denitrification rates 

in estuarine intertidal saltmarsh and managed realignment zones. Estuar Coast & Shelf Sc 

87(4):591-600 

54. Moseman-Valtierra S, Gonazalez R, Kroeger KD, Tang J, Chao WC, Crusuis J, Bratton J, 

Green A, Shelton J (2011) Short-term nitrogen additions can shift a coastal wetland from a 

sink to a source of N2O. Atmos Environ 45(26):4390-4397 

55. Thiere G, Stadmark J, Weisner SEB (2011) Nitrogen retention versus methane emission: 

Environmental benefits and risks of large-scale wetland creation. Ecol Eng 37:6-15 

56. Jickells T, Andrews J, Cave R, and Parkes D (2003) The biogeochemical value of intertidal 

areas – a case study of the Humber Estuary. Wetland valuation: state of the art and 

opportunities for further development, 125pp 

http://www.bmu.de/files/english/pdf/application/pdf/das_gesamt_en_bf.pdf
http://www.restoringpeatlands.org/


26 
 

57. Loomis MJ, Craft CB (2010) Carbon Sequestration and Nutrient (Nitrogen, Phosphorus) 

Accumulation in River-Dominated Tidal Marshes, Georgia, USA. Soil Sci Soc Am J 

74(3):1028-1036 

58. Dixon M, Morris RKA, Scott CR, Birchenough A, Colclough S, (2008) Managed 

Realignment - lessons from Wallasea, UK. Proc of the Instit of Civil Eng - Marit Eng 

161(2):61-71 

59. Crowther AE (2007) The restoration of intertidal habitats for non-breeding waterbirds 

through breached managed realignment Stirling. Doctoral dissertation, University of Stirling. 

60. Dixon AM, Leggett DJ, Weight RC (1998) Habitat Creation Opportunities for Landward 

Coastal Re-alignment: Essex Case Studies. Water & Environ J 12(2):107-112 

61. McFadden L (2008) Exploring the challenges of integrated coastal zone management and 

reflecting on contributions to ‘integration’ from geographical thought. Geogr J 174:299-314 

62. Emmerson RHC, Manatunge JMA, MacLeod CL, Lester JN (1997) Tidal Exchanges 

Between Orplands Managed Retreat Site and the Blackwater Estuary, Essex. Water & 

Environ J 11(5):363-372 

63. Garbutt RA, Reading CJ, Wolters M, Gray AJ, Rothery P, (2006) Monitoring the 

development of intertidal habitats on former agricultural land after the managed realignment 

of coastal defences at Tollesbury, Essex, UK. Mar Pollut Bull 53(1-4):155-164 

64. MacLeod CL, Scrimshaw MD, Emmerson RHC, Change Y-H, Lester JN (1999) 

Geochemical Changes in Metal and Nutrient Loading at Orplands Farm Managed Retreat 

Site, Essex, UK (April 1995-1997). Mar Pollut Bull 38(12):1115-1125 

65. Klein RJT, Bateman IJ (1998) The recreational value of Cley marshes nature reserve: an 

argument against managed retreat? Water & Environ J 12(4):280-285 

66. Airoldi L, Abbiati M, Beck MW, Hawkins SJ, Jonsson PR, Martin D, Moschella PS, 

Sundelöf A, Thompson RC, Åberg P (2005) An ecological perspective on the deployment 

and design of low-crested and other hard coastal defence structures. Coastal Eng 52(10-

11):1073-1087 

67. Moschella PS, Abbiati M, Åberg P, Airoldi L, Anderson JM, Bacchiocchi F, Bulleri F, 

Dinesen GE, Frost M, Gacia E, Granhag L, Jonsson PR, Satta MP, Sundelöf A, Thompson 

RC, Hawkins SJ (2005) Low-crested coastal defence structures as artificial habitats for 

marine life: Using ecological criteria in design. Coastal Eng 52(10-11):1053-1071 

68. Bulleri F, Chapman MG (2004) Intertidal assemblages on artificial and natural habitats in 

marinas on the north-west coast of Italy. Mar Biol 145(2):381-391 

69. Lamberti A, Archetti R, Kramer M, Paphitis D, Mosso C, Di Risio M (2005) European 

experience of low crested structures for coastal management. Coast Eng 52:841-866 

70. Beeftink WG (1975) The Ecological Significance of Embankment and Drainage with Respect 

to the Vegetation of the South-West Netherlands. J of Ecol 63(2):423-458 

71. Bishop MJ, Peterson CH, Summerson HC, Lenihan HS, Grabowski JH (2006) Deposition 

and long-shore transport of dredge spoils to nourish beaches: Impacts on benthic infauna of 

an ebb-tidal delta. J of Coastal Res 22(3):530-546 

72. Peterson CH, MJ Bishop (2005) Assessing the Environmental Impacts of Beach 

Nourishment. BioSc 55(10):887-896 

73. Speybroeck J,Bonte D, Courten, W, Gheskiere T, Grootaert P, Maelfait J-P, Mathys M, 

Provoost S, Sabbe K, Stienen EWM, Lancker VV, Vincx M, Degraer S, (2006) Beach 

nourishment: an ecologically sound coastal defence alternative? A review. Aquatic Conserv: 

Mar and Freshw Ecosys 16(4):419-435 

74. Elgershuizen JHBW (1981) Some environmental impacts of a storm surge barrier. Mar Poll 

Bull 12(8):265-271 

75. Reise K (1998) Coastal change in a tidal backbarrier basin of the northern Wadden Sea: Are 

tidal flats fading away? Mar Biodiv 29(1):121-127 



27 
 

76. Reise K (2005. Coast of change: habitat loss and transformations in the Wadden Sea. 

Helgoland Mar Res 59(1):9-21 

77. Smits A, Nienhuis PH, Saeijs HLF (2006) Changing Estuaries, Changing Views. 

Hydrobiologia 565(1):339-355 

78. Robinson M, Cognard-Plancq AL, Cosandey C, et al (2003) Studies of the impact of forests 

on peak flows and baseflows: a European perspective. For Ecol and Manag 186:85-97 

79. Trabucco A, Zomer RJ, Bossio DA, van Straaten O,Verchot LV (2008) Climate change 

mitigation through afforestation/reforestation: A global analysis of hydrologic impacts with 

four case studies. Agric Ecosys & Environ 126:81-97 

80. Hartley MJ (2002) Rationale and methods for conserving biodiversity in plantation forests. 

For Ecol and Manag 155(1):81-95 

81. Norton DA (1998) Indigenous biodiversity conservation and plantation forestry: options for 

the future. N.Z. For 43: 4-39 

82. Pimpão CT, Zampronio AR, Silva de Assis HC (2007) Effects of deltamethrin on 

hematological parameters and enzymatic activity in Ancistrus multispinis (Pisces, Teleostei). 

Pestic Biochem and Physiol 88(2):122-127 

83. Garforth M (2012) Adaptation of forests to climate change - Report of desk-based research 

on resilience of forests to climate change and transformation measures. Dzneladze, M. (ed.). 

Report prepared for the EU funded Project DCI-ENV/2010/221391. WWF Caucasus 

Programme Office, Tbilisi. 

84. Kellomäki S, Leinonen S (Eds) (2005) SilviStrat Final Report, Silvicultural Response 

Strategies to Climatic Change in Management of European Forests, Funded by the European 

Union Under the Contract EVK2-2000-00723 (SilviStrat). Available online: 

http://www.efi.int/portal/research/research_programmes/sustainability_and_climate_change/s

ilvistrat/ Accessed: July 2013. 

85. Lal R (2004) Soil carbon sequestration to mitigate climate change. Geoderma 123(1):1-22 

86. Lal R (2005) Forest soils and carbon sequestration. For Ecol and Manag 220(1):242–258 

87. Law BE, Harmon ME (2011) Forest sector carbon management, measurement and 

verification, and discussion of policy related to climate change. Carbon Manag 2(1):73–84  

88. McCarl BA, Schneider UA (2001) The cost of greenhouse gas mitigation in US agriculture 

and forestry. Sc 294(21):2481-82 

89. Anderson M, Lambrinos J, Schroll E (2010) The potential value of mosses for stormwater 

management in urban environments. Urban Ecosys 13(3):319-332 

90. Fioretti R, Palla A, Lanza LG, Principi P (2010) Green roof energy and water related 

performance in the Mediterranean climate. Build and Environ 45:1890-1904 

91. Kazmierczak A, Carter J (2010) Adaptation to climate change using green and blue 

infrastructure. A database of case studies. Interreg IVC Green and blue space adaptation for 

urban areas and eco towns (GRaBS). Manchester, UK. Available at: http://www.grabs-

eu.org/ Accessed: July 2012. 

92. Lundholm J, MacIvor JS, MacDougall Z, Ranalli M (2010) Plant species and functional 

group combinations affect green roof ecosystem functions. Plos One 5(3):e9677 

93. Fernandez-Canero R, Gonzalez-Redondo P (2010) Green roofs as a habitat for birds: a 

review. J of Anim and Vet Adv 9(15):2041-2052 

94. Tonietto R, Fant J, Ascher J, Ellis K, Larkin D (2011) A comparison of bee communities of 

Chicago green roofs, parks and prairies. Landsc and Urban Plan 103(1):102-108 

95. Brenneisen S (2006) Space for urban wildlife: designing green roofs as habitats in 

Switzerland. Urb Hab 4:27-36 

96. Davies ZG, Edmondson JL, Heinemeyer A, Leake JR, Gaston KJ (2011) Mapping an urban 

ecosystem service: quantifying above‐ground carbon storage at a city‐wide scale. J Appl Ecol 

48:1125-1134 

http://www.efi.int/portal/research/research_programmes/sustainability_and_climate_change/silvistrat/
http://www.efi.int/portal/research/research_programmes/sustainability_and_climate_change/silvistrat/
http://www.grabs-eu.org/
http://www.grabs-eu.org/


28 
 

97. Rowe D B (2011) Green roofs as a means of pollution abatement. Environ Poll 159(8):2100-

2110 

98. Doick K, Hutchings T (2013) Air temperature regulation by urban trees and green 

infrastructure. Forestry Commission Research Note, FCRN012. 

99. Armson D, Stringer P, Ennos AR (2012) The effect of tree shade and grass on surface and 

globe temperatures in an urban area. Urban For & Urban Greening 11(3):245-255 

100. Oberndorfer E, Lundholm J, Bass B, Coffman RR, Doshi H, Dunnett N, Gaffin S, Köhler M, 

Lui KKY, Rowe B (2007) Green roofs as urban ecosystems: ecological structures, functions, 

and services. BioSc 57(10):823-833 

101. Stovin V, Vesuviano G, Kasmin H (2012) The hydrological performance of a green roof test 

bed under UK climatic conditions. J of Hydrol 414:148-161 

102. Casal-Campos A, Jefferies C, Momparler SP (2012) Selecting SUDS in the Valencia Region 

of Spain. Water Pract and Technol 7(1):9pp 

103. Hegedüs A, Gaál M, Bérces R (2011) Tree appraisal methods and their application – first 

results in one of Budapest’s districts. Appl Ecol and Environ Res 9(4):411-423 

104. Tallis M, Taylor G, Sinnett D, Freer-Smith P (2011) Estimating the removal of atmospheric 

particulate pollution by the urban tree canopy of London, under current and future 

environments. Landsc and Urban Plan 103(2):129-138 

105. Pataki DE, Carriero MM, Cherrier J, Grulke NE, Jennings V, Pincetl S, Pouyat RV, Whitlow 

TH, Zipperer WC (2011) Coupling biogeochemical cycles in urban environments: ecosystem 

services, green solutions, and misconceptions. Frontiers in Ecol & Environ 9(1):27-36 

106. Escobedo F, Varela S, Zhao M, Wagner J E, Zipperer W (2010) Analyzing the efficacy of 

subtropical urban forests in offsetting carbon emissions from cities. Environ Sc & Pol 

13(5):362-372 

107. Gill SE, Handley JF, Ennos AR, Pauleit S, (2007) Adapting cities for climate change: the role 

of the green infrastructure. Built Environ 33:115-133 

108. Akbari H, Matthews HD (2012) Global cooling updates: Reflective roofs and pavements. 

Energy and Buildings 55:2-6 

109. Kleerekoper L, van Esch M, Salcedo TB (2012) How to make a city climate-proof: 

Addressing the urban heat island effect. Resourc Conserv and Recycling 64:30-38 

110. Synnefa A, Karlessi T, Gaitani N, Santamouris M, Assimakopoulos DN, Papakatsikas C 

(2011) Experimental testing of cool colored thin layer asphalt and estimation of its potential 

to improve the urban microclimate. Build and Environ 46(1):38-44 

111. Chance T (2009) Towards sustainable residential communities; the Beddington Zero Energy 

Development (BedZED) and beyond. Environ and Urban 21:527-544 

112. Domènech L, Saurí D (2011) A comparative appraisal of the use of rainwater harvesting in 

single and multi-family buildings of the Metropolitan Area of Barcelona (Spain): social 

experience, drinking water savings and economic costs. J of Cleaner Prod 19(6):598-608 

113. Li Z, Boyle F, Reynold, A (2010) Rainwater harvesting and greywater treatment systems for 

domestic application in Ireland. Desalin 260(1):1-8 

114. Colclough S, Griffiths P, Gschwander S (2009) Thermal Energy Storage and the Passive 

House Standard: How PCM incorporated into wallboard can aid thermal comfort. PLEA2009 

- The 26
th

 Conference on Passive and Low Energy Architecture. 

115. Leskovar VŽ, Premrov M (2012) Influence of glazing size on energy efficiency of timber-

frame buildings. Construct and Build Mater 30:92-99 

116. Monahan J, Powell JC (2011) A comparison of the energy and carbon implications of new 

systems of energy provision in new build housing in the UK. Energy Pol 39:290-298 

117. Zimmerman M, Andersson J (1998) Low energy cooling: Case study buildings. IEA: Energy 

conservation in buildings and community systems programme, Annex 28 - Low Energy 

Cooling, 159pp. 



29 
 

118. Scholz M, Corrigan NL, Yazdi SK (2006) The Glasgow sustainable urban drainage system 

management project: Case studies (Belvidere hospital and Celtic FC stadium areas). Environ 

Eng Sc 23(6):908-922 

119. Semadeni-Davies A, Hernebring C, Svensson G, Gustafsson LG (2008) The impacts of 

climate change and urbanisation on drainage in Helsingborg, Sweden: Suburban stormwater. 

J of Hydrol 350(1):114-125 

120. Villarreal EL, Semadeni-Davies A, Bengtsson L (2004) Inner city stormwater control using a 

combination of best management practices. Ecol Eng 22(4):279-298 

121. Wise S, Braden, J, Ghalayini, D et al. (2010) Integrating valuation methods to recognize 

green infrastructure’s multiple benefits. Low Impact Devel. doi: 10.1061/41099(367)98 

122. Andersen CT, Foster IDL, Pratt CJ (1999) The role of urban surfaces (permeable pavements) 

in regulating drainage and evaporation: development of a laboratory simulation experiment. 

Hydrol Process 13:597-609 

123. Gomez-Ullate E, Castillo-Lopez E, Castro-Fresno D, Bayon JR (2011) Analysis and contrast 

of different pervious pavements for management of storm-water in a parking area in northern 

Spain. Water Resourc Manag 25(6):1525-1535 

124. Spatari S, Yu Z, Montalto FA, (2011) Life cycle implications of urban green infrastructure. 

Environ Poll 159:2174-2179 

125. Dodson J (2010) In the Wrong Place at the Wrong Time? Assessing some Planning, 

Transport and Housing Market Limits to Urban Consolidation Policies. Urban Pol and Res 

28(4):487-504 

126. Dixon J, Dupuis ANN (2003) Urban Intensification in Auckland, New Zealand: A Challenge 

for New Urbanism. Housing Studies 18(3):353-368 

127. Hayek M, Arku G, Gilliland J (2010) Assessing London, Ontario's brownfield redevelopment 

effort to promote urban intensification. Local Environ 15(4):389-402 

128. Searle G (2010) Too concentrated? The planned distribution of residential density in SEQ. 

Australian Planner 47(3):135-141 

129.  Williams K (1999) Urban intensification policies in England: problems and contradictions. 

Land Use Pol 16(3):167-178 

130. Melia S, Parkhurst G, Barton H (2011) The paradox of intensification. Transp Pol 18(1):46-

52 

131. Howley P (2009) Attitudes towards compact city living: Towards a greater understanding of 

residential behaviour. Land Use Pol 26(3):792-798 

132. Strømann-Andersen J, Sattrup PA (2011) The urban canyon and building energy use: Urban 

density versus daylight and passive solar gains. Energy and Build 43(8):2011-2020 

133. Hoque M. Alam M (1997) Subsidence in the lower deltaic areas of Bangladesh. Mar Geodesy 

20:105-120 

134. Ostle NJ, Levy PE, Evans CD, Smith P (2009) UK land use and soil carbon sequestration. 

Land Use Pol 26:S274-S283 

135. Quevauviller P (2011) Adapting to climate change: reducing water-related risks in Europe – 

EU policy and research considerations. Environ Sc & Pol 14 722-72. 

136. Van Roon MR (2012) Wetlands in The Netherlands and New Zealand: Optimising 

biodiversity and carbon sequestration during urbanisation. J of Environ Manag 101:143-150 

137. Vörösmarty CJ, McIntyre PB, Gessner MO, Dudgeon D, Prusevich A, Green P, Glidden S, 

Bunn SE, Sullivan CA, Reidy Liermann C, Davies PM (2010) Global threats to human water 

security and river biodiversity. Nature 467:555-561 

138. Lima IB, Ramos FM, Bambace LA, Rosa RR (2008) Methane emissions from large dams as 

renewable energy resources: a developing nation perspective. Mitig and Adapt Strat for Glob 

Change 13(2):193-206 

 


