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Abstract 

Ecosystem services provided by lowland British floodplains respectively under semi-natural 
conditions and converted for intensive maize production were assessed.  Floodplains across 
lowland Britain have been extensively disconnected from river channels, depleting habitat for 
wildlife and other beneficial ecosystem services.  Conservation measures are often regarded 
as costly constraints on economic and development freedoms whilst, conversely, conversion 
for intensive agricultural production is rewarded by markets despite many often-overlooked 
externalities.  Maize growing has increased in Britain since the 1970s, initially for feedlot 
production of livestock and now increasingly for grant-aided biofuel production for anaerobic 
digestion.  Comparative literature-based ecosystem service assessments using the RAWES 
(Rapid Assessment of Wetland Ecosystem Services) approach reveal that lowland British 
floodplains in semi-natural condition provide a wider range of provisioning services than those 
converted for monocultural intensive production of maize, in addition to a diversity of 
regulating, cultural and supporting service benefits that are lost or transformed into 
disservices when floodplains are converted for intensive maize growth.  Benefits and 
disbenefits of floodplains managed under the two scenarios (semi-natural versus 
monocultural maize) are presented graphically as an intuitive means to support decision-
makers.  Monetisation of benefits would be risky, not merely due to uncertainties but as this 
may skew conclusions and subsequent decision-making towards maximisation of marketed or 
near-market services, consequently misrepresenting the diversity of values of whole 
socioecological floodplain systems.  Management solutions protective of the societal values 
provided by floodplain ecosystem may include buffer zoning as a mitigation measure, but a 
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more strategic solution may be zonation of land use based on suitability not only for crop 
production but recognising the full spectrum of societally beneficial ecosystem services 
demonstrated by RAWES assessment.  A variety of drivers for a changing approach to 
floodplain farming – statutory, fiscal and self-beneficial – are highlighted, and are generically 
applicable beyond Britain with context-specific modification. 
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Ecosystem services; value; wetlands; RAWES; energy crops; conservation. 

 

1. Introduction 

1.1 Trends in the use and condition of Britain’s lowland floodplains 

River catchments have been heavily modified by human activities across Britain and lowland 
Europe radically altering the habitats of river corridors (Newson, 2002; Gurnell and Petts, 
2011).  Disconnection of wetlands degrades habitat, associated species and many ecosystem 
functions and services.  Floodplain area in the British Isles declined from a natural 100-year 
flood zone extent of 16,577 km2 in around 1950 to 6,940 km2 in 2000, a 58% loss, primarily 
through construction of flood defence embankments (UK NEA, 2011).  The River Habitat 
Survey (Environment Agency, 2003, cited in Maltby et al., 2013) determined that only 7.1%, of 
surveyed river stretches retained floodplain on either bank, and that remaining floodplains 
were heavily modified with embankments close to the watercourse in 13% and embankments 
set back on the floodplain in 6% of stretches.  Maltby et al. (2013) concluded that water is 
prevented from inundating nearly one-fifth of British semi-natural floodplains.  A 2010 survey 
(Environment Agency, 2010) found that 42% of surveyed river stretches were ‘severely 
modified’ with a further 20% ‘significantly modified’. 

Maltby et al. (2011) determined that freshwater wetlands probably make up around 1% of UK 
land area, including 300,000 ha of coastal and floodplain grazing marsh.  Rothero et al. (2016) 
identified agricultural intensification as a primary driver of change, accounting for a 97% loss 
of species-rich grasslands since the 1930s leaving a remnant of only 1,200 ha of species-rich 
floodplain meadows.  Just over one million hectares of English agricultural land lie within 
floodplains defined by risk of at least 1 in 100-year flood events (Natural England 2011), 
comprising 9% of total agricultural area and including some of the most fertile and productive 
areas (accounting for 57% of Grade 1 agricultural land) much of which have been ‘reclaimed’ 
and ‘improved’ for agricultural purposes since at least the Middle Ages.  Intensive agriculture 
occupied 38% of English floodplains in 1990, expanding to 53% by 2000, 62% in 2007 and 64% 
by 2015, with wetland areas (fen, marsh, swamp and bog) substantially degraded in both 
upland and lowland areas with near ubiquitous loss of natural floodplain functioning 
(Entwistle et al., 2019).  Rothero et al. (2016) document important functional floodwater 
storage, soil and nutrient retention, water purification, natural productivity, drought 
resilience, pollination, grazing and other roles performed by floodplain meadows.  Costs 
associated with loss of goods and services naturally generated by less intensively modified 
floodplain ecosystems have yet to be properly assessed (Maltby et al., 2013), a situation far 



FULL TEXT: Everard, M., Bradley, P., Ogden, W., Piscopiello, E., Salter, L., Herbert, S. and McInnes, 
R.J. (In press). Reassessing the multiple values of lowland British floodplains. The Science of the Total 
Environment, In press. 
 
 

Reassessing the multiple values of lowland British floodplains; Page 3 

from consistent with stated commitments to sustainable development under which 
ecosystems are recognised as primary and critical resources. 

 

1.2 Conversion of lowland British floodplains for the intensive growth of maize 

Though with a long history in Europe, maize cropping has become increasingly significant.  
British maize has been grown principally as a fodder crop or game cover but, in recent 
decades, is increasingly grown as a ‘green energy’ crop.  UK maize growth has consequently 
escalated substantially from around 20,000 acres in 1973 to 450,000 acres in 2016 (a 2,250% 
increase) with continuing growth in cropped area (Drury, 2019).  Floodplains are recognised as 
optimal for growth of maize owing to their level topography and nutrient-rich hydric soils 
(Rogers, 2018).  Dadson et al. (2017) highlighted how floodplain development, including the 
expansion of crops such as maize, increases soil compaction and exposure of people, property 
and infrastructure to the costly natural hazard of flooding in the UK particularly under future 
climate change scenarios.  Intensive maize growth also requires high chemical and energy 
inputs and can leave soil compacted, bare and erosive between autumn forage harvesting and 
late spring reseeding.  Conversion of floodplains for maize, other crops or urban and industrial 
development overlooks the wide range of ecosystem service benefits provided by their 
natural processes. 

Extensive maize growing for energy production and intensification of dairy farming in the 
River Axe catchment in east Devon, England, is recognised by the Environment Agency (2019a) 
as placing the designated Special Area of Conservation (under the EU Habitats Directive) and 
Special Site of Scientific Interest (SSSI) in the lower reaches of the river in unfavourable and 
declining condition.  In common with many British catchments, floodplain extent, largely 
indicated by on in 100-year flood risk area, is found mainly in the lower river, which also 
includes reaches designated for nature conservation and settlements subjected to flood risk 
and poor water quality (Figure 1).  The Axe is seen as particularly problematic on a national 
scale, the 437 farm units across the 308 km2 catchment, including 125 ‘intensive grazing 
farms’ (cattle), were subject to a three-year winter time regulatory farm visit programme with 
infrastructure investments, resulting in modest improvements. 

Figure 1: The Axe catchment, Devon (southern England), illustrating extent of 10% (one in 100-
year) flood envelope and locations of settlements including those in the lower catchment at 
risk of flooding and poor water quality 
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1.3 Recognition of the benefits and costs of lowland floodplain conversion 

Although profitable in the short term for farming and associated food and energy interests, 
conversion of lowland floodplains for intensive maize production may be far from benign 
when externalities for linked ecosystem services are recognised. 

Economic assessment of environmental damage from agricultural activities, externalities that 
are still largely overlooked, can generate significant social and economic costs for current 
generations and strongly affect future wellbeing (Macháč et al., 2021).  Agricultural decision-
making tends to focus of profitability related to current commodity markets.  Conversely, 
natural resource and nature conservation initiatives are often expressed in terms of costs (for 
example Moran et al., 2008), often reliant on conservation philanthropy (for example Larson 
et al., 2016) or as a constraint on economic freedoms requiring subsidisation.  This current 
skewing of economic assessment positions the sectors of agriculture and nature conservation 
in opposition (Farkas and Kovács, 2021).  In some cases, robust global markets can hasten 
extinction of wild species as markets and institutional policies fail to value non-market and 
public benefits (Swarna Nantha and Tisdell, 2009). 

A systemic approach is required to assess the net balance of benefits and disbenefits of 
landscape use, recognising its full potential to generate societally beneficial ecosystem 
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services (Firbank et al., 2011; Schindler et al., 2016) rather than a compromise between two 
narrow potential outputs of land. 

 

1.4 The aim of this study 

This study assesses ecosystem service benefits and disbenefits consequent from two 
comparative lowland British floodplain management scenarios: (1) semi-natural including 
traditional grazing and hay-cutting management; and (2) converted for intensive maize 
production.  These assessments use the RAWES approach to represent the full range of 
ecosystem service outcomes under each scenario, from which we derive recommendations 
for land use reforms optimising societal value.  Whilst recommendations are drawn in a British 
context, the findings are generically applicable to floodplain uses in other geographical 
settings.  The methods used in this study can also be adapted to compare contrasting uses of 
other habitat types. 

 

2. Methods 

2.1 Selection of case study scenarios 

The two selected lowland British floodplain management scenarios – semi-natural and 
converted for intensive maize production – reflect contrasting management regimes. 

The semi-natural floodplain scenario, with permanent vegetative cover whether due to low 
historic impacts or resulting from restoration, was selected in recognition that no British 
catchment can be considered pristine and un-impacted by human intervention.  The 
substantially evolved ecological assemblages of ‘semi-natural’ habitats have evolved over the 
long term under traditional human interventions, upon which they depend for retention of 
their characteristics, but nonetheless are recognised for their high values for biodiversity, 
retention of important functions and ecosystem services (European Investment Bank, 2018; 
Lawson et al., 2018). 

The comparator case study of generic lowland British floodplains under intensive maize 
production assumes that no mitigating measures are in place, such as the still uncommon 
adoption of riparian buffer zones between intensively cropped land and watercourses (Figure 
2).  Many are also left bare, frequently with application of manure or fertilisers, for up to six 
months over winter between autumn forage harvesting and late spring sewing of fresh maize 
(Figure 3). 

Figure 2: Maize growth in lowland British floodplains displaces many of the functions and 
societal benefits of this riparian habitat when in semi-natural condition, with cropping 
commonly abutting river edges without buffer zones 
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Figure 3: Soil loss, and run-off from denuded lowland British floodplains after late-autumn 
forage harvesting of intensive maize, commonly cropped to the river margin with no buffer 
zone, creates a range of ecosystem service disbenefits 
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2.2 RAWES and supporting evidence 

The Rapid Assessment of Wetland Ecosystem Services (RAWES) approach (RRC-EA, 2020) 
was used to assess likely provision of ecosystem services in the two floodplain scenarios.  
The RAWES approach was developed to support ecosystem service assessment recognising 
practical time and resource limitations faced by operational staff, being both rapid and cost-
effective and also serving to facilitate the integration of qualitatively differing types of 
evidence into a systematic semi-quantitative assessment of all ecosystem services across 
the four Millennium Ecosystem Assessment (2005) categories; provisioning, regulating, 
cultural and supporting (McInnes and Everard, 2017).  RAWES was adopted by a resolution 
of the Ramsar Convention in October 2018 as a globally standard means for systemic 
assessment of wetland ecosystem services (Ramsar Convention 2018).  Guidance on its 
application has subsequently been published (RRC-EA 2020).  Though specifically developed 
for wetland assessment, RAWES is adapted from an approach applied to a range of habitat 
types (Everard, 2009; Everard and Waters, 2012) and can be used across multiple scales 
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from whole landscapes to localised zones of large and complex ecosystems (McInnes and 
Everard, 2017), as for example by Everard et al. (2020) and Everard and West (2021). 

RAWES assessments score the each ecosystem service and geographical range over which 
benefits are realised on a semi-quantitative significance scale following Defra (2011), as 
outlined in Table 1.  Table 1 also describes how RAWES scores are aggregated into 
ecosystem services index (ESI) scores by summing significance scores within groups of 
ecosystem services and dividing by the number of contextually relevant services (RRC-EA 
2020).  Potential ESIs range from +1 to -1, whether calculated for relevant ecosystem 
services in each of the four categories or for total relevant services across all categories.  
The same mathematical transformation is used to calculate ESIs for total ecosystem service 
benefits accruing across the four geographical ranges in the RAWES field assessment sheet 
(local, catchment, national, global) for relevant ecosystem services; geographically-based 
ESIs may exceed the limits of +1 or -1 where benefits or disbenefits accrue across multiple 
scales. 

Table 1: Assignment of RAWES importance scores and their transposition to ESI values 

Assigned 
importance 

Significantly 
positive 

Positive Neutral Negative Significantly 
negative 

Unknown 

RAWES 
importance score 

++ + 0 - -- ? 

Numerical value 
for ESI 
calculation 

1.0 0.5 0.0 -0.5 -1.0 Remove 
from 
analysis 

 

Ideally, RAWES assessments would have been conducted directly on case study sites.  
However, this was not possible due to: (1) pandemic restrictions on travel; (2) resources 
secured for this study informed by these restrictions; and (3) in the light of a high level of 
site-specificity, a more generic approach to lowland British floodplains is a more sensible 
approach if findings are generalised for wider applicability.  Consequently, it was necessary 
to base RAWES assessments on literature review. 

 

2.3 Literature review 

Literature reviews informing RAWES assessments interrogated both peer-reviewed and ‘grey 
literature’ (non-refereed government, agency, consultancy, NGO and other) publications.  A 
three-tiered approach was undertaken.  The first approach was systematic review.  Secondly, 
‘snowballing’ reviews followed references in papers identified by systematic review (Sayers, 
2007).  Thirdly, as few benefits are described in the literature are expressed explicitly as 
ecosystem services, targeted searches were undertaken (as examples, ‘panning’ and ‘soil 
compaction’ to address the regulating services of groundwater recharge and erosion, and 
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‘biodiversity’ to assess the supporting service of habitat for wildlife).  There was also a 
substantial lack of literature addressing pristine or semi-natural floodplains in lowland Britain, 
necessitating expanded searches to locate literature from similar lowland localities, principally 
in northern Europe, including restored sites.   

The Supplementary Material documents search terms used in the systematic review, 
snowballing and subsequent targeted searches, and interpretation of literature in RAWES 
assessments. 

 

2.4 Valuation 

The values of ecosystem services are inherently plural, as for example reflected in the 
qualitatively different value systems by which provisioning, regulating, cultural and supporting 
services are realised (Millennium Ecosystem Assessment, 2005).  Historic valuation tended to 
be undertaken from narrow perspectives, such as maximisation of financial returns (Cornes 
and Sandler, 1996).  For example, the market price of land has been overwhelmingly 
influenced by agricultural or development potential rather contributions to a diversity of 
publicly beneficial ecosystem services.  The perception of natural capital as a free good, and 
the undervaluing of the services that it provides, is a principal reason for the progressive 
degradation of global ecosystems (Barbier, 2011).  Valuation of ecosystems and their services 
requires an inclusive approach considering outcomes for all ecosystem services and their 
beneficiaries, correcting the current skewing of value systems based on financial/market-
driven exchange values. 

RAWES takes a semi-quantitative approach, assessing likelihood of impact across all 
ecosystem services to consider the whole system.  The economic concept of ‘disvalue’ (as 
defined in Bradley et al 2020) can be connected directly to the ecosystem service concept of 
‘disbenefits’ (Smith et al., 2013).  However, notwithstanding a diversity of approaches seeking 
to value ecosystem services (for example Everard and Waters, 2013; TEEB, 2010; TESSA, n.d.), 
conceptual and methodological problems remain for adequate representation of the values of 
all ecosystem services in monetary terms within a market system principally predicated on 
profit-making (Everard, 2022).  Framing all service benefits in market terms would depend on 
consciously and commonly held societal appreciation of the benefits or disbenefits of the 
often-complex emergent properties of ecosystems that underpin their integrity and capacities 
to underwrite continuing human wellbeing.  Whilst significantly positive or negative. or 
unknown, outcomes identified by semi-quantitative screening using RAWES can, if necessary, 
be quantified, quantification must not be allowed to dominate decision-making to the 
exclusion of less inherently quantifiable services that may be nonetheless important culturally 
and in terms of maintaining continuing ecosystem integrity and functioning (Everard, 2022).  
Standard valuation approaches are poor at picking up on criticality, and do not always ensure 
the integrity and resilience of ecosystems for nature and for continuing human benefit, as set 
out in the ‘dis-value’ concept (Bradley et al., 2020).  The RAWES approach seeks to avoid 
biases such as those introduced by market exchange values, ensuring that important 
ecosystem services pertaining to support for biodiversity, ecosystem functioning and 
resilience are not progressively undermined by knowledge gaps and the inability of standard 
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valuation approaches to adequately capture and ensure existing relationships and integrity 
underwriting prosperity for humans and nature.     

 

3. Results 

3.1 The ecosystem services of natural and restored floodplains 

Literature reviews documented in the Supplementary material provide an evidence base that 
was applied cautiously to make comparative RAWES assessments of lowland British 
floodplains respectively in semi-natural state and where converted for intensive maize 
production.  The Supplementary material lists references and documents, search parameters 
and indicative terms used in targeted searches.  Table 2 summarises RAWES scores for 
floodplains under the two management regimes.  ESIs for ecosystem service categories are 
illustrated in Figure 4, with ESIs for geographical scale of benefit realisation in Figure 5. 

Table 2: Summary of RAWES ‘likely impact’ (using ‘traffic lights’ colour coding from ‘++’ = dark 
green through ‘0’ = amber to ‘--’ = dark red, with ‘?’ and ‘X not relevant’ = white) and 
geographical scale scores (L = local, C = catchment, N = national, G = global) 

Ecosystem services Semi-natural 
floodplain 

Intensive maize floodplain 

Likely 
impact 

Scale Likely 
impact 

Scale 

Provisioning 
Fresh water 

++ L,C -- L,C 

Food production 
+ L,C 0  

Fibre/fuel production 
++ L,C ++ L,C 

Genetic resources 
?  0  

Biochemicals, etc. 
?  0  

Ornamental 
resources 

+ L,C 0  

Harvesting of clay, 
mineral, aggregates, 
etc. 

Not 
relevant 

 Not 
relevant 

 

Waste disposal 

Not 
relevant 

 0  
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Energy harvesting 
from natural flows 

Not 
relevant 

 Not 
relevant 

 

Regulating 

Air quality 

Not 
relevant 

 - L 

Local 
climate/microclimate 

+ L - L 

Global climate 
++ G - G 

Water 
regulation/hydrology 

++ L,C -- L,C 

Natural hazard 
0  0  

Pest regulation 
+ L - L,C 

Disease - human 
0  0  

Disease - livestock 
+ L 0  

Erosion 
+ L -- L,C 

Water 
purification/waste 
treatment 

++ L,C -- L,C 

Pollination 
++ L,C -- L,C,N 

Salinity 

Not 
relevant 

 Not 
relevant 

 

Fire 

Not 
relevant 

 Not 
relevant 

 

Noise/visual 
buffering 

Not 
relevant 

 Not 
relevant 

 

Cultural 
Cultural heritage 

++ L,C 0  

Recreation/tourism 
+ L,C,N 0  

Aesthetic value 
+ L,C 0  
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Spiritual/religious 
value 

+ L,C 0  

Inspiration of art, 
folklore, etc. 

+ L,C 0  

Social relations 
+ L,C 0  

Educational/researc
h 

+ L,C,N 0  

Supporting 
Soil formation 

++ L,C 0  

Primary production 
++ L,C + L,C 

Nutrient cycling 
+ L,C -- L,C,N,G 

Water recycling 
+ L,C -- L,C 

Photosynthesis (O2 
production) 

+ L + L 

Provision of habitat 
++ L,C,N,G - L,C 

 

Figure 4: ESI representation comparing ecosystem service provision from lowland British 
floodplains in semi-natural state and when converted for intensive maize production 
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Figure 5: ESI representation of geographical scales of ecosystem services provision from 
lowland British floodplains in semi-natural state and when converted for intensive maize 
production 

 

 

Lowland British floodplains in a semi-natural state provide a wider range of provisioning 
services (ESI = 0.75) than those converted for monocultural intensive production of maize (ESI 
= 0.0).  The provisioning service ESI value of 0.0 for floodplains converted for maize 
production may appear counterintuitive, but is explained by the high production of ‘fibre and 
fuel’ (highly significant, ESI = 1.0) being cancelled out by highly significant impacts on 
freshwater resources (ESI = -1.0) with other provisioning services assessed as either neutral 
(ESI = 0.0) or ‘Not relevant’. 

Whilst semi-natural floodplain habitats tend to provide a range of regulating services (ESI = 
0.60), floodplain converted for intensive maize production tends not merely to erode but to 
create disbenefits for most regulating services (ESI = -0.55). 

Semi-natural floodplains tend to produce a diversity of cultural benefits (ESI = 0.57), though 
these are lost when floodplains are converted for production of intensive maize crops (ESI = 
0.0). 

Semi-natural floodplains also produce a diversity of supporting services (ESI = 0.75) but, 
despite seasonally high photosynthetic production of biomass and oxygen, floodplains 
converted for intensive maize growth tend to degrade habitat for wildlife and the cycling of 
nutrients and water (overall ESI = -0.25). 

Under both management regimes, the benefits or disbenefits arising from floodplains are 
predominantly local, though with catchment-scale impacts reflecting water-vectored services.  
Though lesser, benefits and disbenefits at national and global scales are also significant.  The 
most striking finding is the weight of benefits provided by semi-natural floodplains across all 
geographical scales combined (ESI = 1.28), yet the uniformly negative benefits (disbenefits) 
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across all ecosystem service categories when floodplains are converted for intensive maize 
production (overall geographical ESI = -0.55). 

 

3.2 Representation of values of lowland British floodplains under different management 
regimes 

An initial intention in this study had been to apply some form of economic valuation to the 
RAWES assessments.  However, despite many interesting theoretical studies (IPBES 2016; 
Dasgupta, 2021), very little useful methodological progress has been made in the previous 
decade in robust monetary value of the diverse values of ecosystems relative to the generally 
illustrative methods documented by Everard and Water (2013).  In essence, this reflects that 
monetary valuation has evolved little, if at all, from framing within a market system principally 
predicated on profit-making (Everard, 2022).  Even ostensibly novel approaches such as 
Natural Capital Accounting, as for example applied in development of natural capital accounts 
in the UK (ONS, 2020), remain rooted in exchange values, inherently seeking to fit ecosystems 
into a largely unreconstructed economy rather than recognising shortfalls in established 
economic methods and seeking to expand thinking to be more inclusive of the breadth of 
values reflected by the ecosystem services framework or within the wider framework of 
intrinsic, instrumental and relational values developed by IPBES (2016). 

For this reason, the illustrative representation of values enabled in semi-quantitative terms 
under the RAWES approach is seen as the most useful and inclusive communications tool to 
demonstrate to decision-makers and wider stakeholders the distribution of benefits and 
disbenefits entailed in different floodplain uses.  In particular, the representation of ‘likely 
impact’ through a ‘traffic lights’ colour coding system (Table 2), and of ESIs by ecosystem 
service category (Figure 4) and across spatial scales (Figure 5), provide intuitive means to 
communicate relative values on a systemic and distributional basis to inform policy and other 
decision-making whilst averting market capture. 

 

4. Discussion 

 

4.1 Comparative values of floodplains under contrasting management 

Semi-quantitative representations of ecosystem service values provided by lowland British 
floodplains under contrasting semi-natural and intensive maize cropping regimes highlight 
substantial differences between benefit provision at local to catchment, national and global 
scales.  Despite conferring benefits for farming and consumer interests through intensive 
production of fibre and fuel, conversion of riparian floodplains for intensive maize production 
yields many public disbenefits that are currently externalised by markets.  Even across all 
provisioning services, benefits from fibre and fuel production under intensive maize cropping 
are neutralised by degradation of other service outcomes, and regulating and supporting 
service outcomes turn substantially negative.  ADAS and Ricardo Energy and Environment 
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(2016) also conclude that substantial negative impacts arise from conversion of floodplains for 
intensive energy cropping, endorsing the findings of our comparative study. 

All ecosystem services relate to distinct beneficiary stakeholder groups distributed across a 
range of spatial scales.  Furthermore, temporal impacts, in particular intergenerational, arise 
from services such as global climate regulation, erosion of soil quantity and quality, 
purification of water resources, regulation of eutrophication, and habitat supporting 
biodiversity.  Consequently, the ‘traffic lights’ colour coding of impacts by ecosystem services 
(Table 2) and the ESI histograms by service category and spatial scale (Figure 4 and 5) can be 
read as maps of distributional equities or inequities. 

 

4.2 Representations of value to support systemic decision-making 

As many or most ecosystem services are inherently incommensurable with monetised values, 
yet are important culturally, for biodiversity and for the resilience and continued functioning 
of ecosystems and hence sustainability, representation of their importance to decision-
makers is of high importance. 

Many of the societal benefits and costs, or disvalues, represented in the comparative RAWES 
assessments are incommensurable with financial values.  As little useful methodological 
progress has been made in the previous decade with robust monetary valuation of the full 
diversity of ecosystem services, there are inherent risks in seeking to represent this spectrum 
of qualitatively different services by synthetic quantification within a largely unreconstructed 
economy that is substantially based on exchange values.  A narrowly framed monetisation 
approach can inadvertently promote market capture, potentially skewing conclusions and 
subsequent decision-making by misrepresenting the interconnected socioecological system. 

Various ecosystem service valuation tools have been developed over recent years (see 
examples in Table 3).  However, development of the RAWES approach was seen as necessary 
as these tools, to varying extents, are both data- and resource-intensive, undermining their 
suitability for routine operational use, and they also focus largely or solely on subsets of 
readily quantified services (RRC-EA, 2020).  RAWES assessment also explicitly recognises the 
multiple spatial scales of beneficiaries.  Promising development of a more inclusive value 
framework – the ‘intrinsic’, ‘instrumental’ and ‘relational’ values developed by IPBES (2016) – 
has yet to be translated for ready operational practice.  The usefulness of the RAWES 
approach for ecosystem service assessment on a systemic basis is therefore supported by this 
comparative study and so, for this reason, we have not progressed valuation beyond the 
‘traffic lights’ colour coding system and depiction of ESIs as intuitive and systemic means to 
communicate relative and interconnected values to decision-makers.  In practice, graphic 
representations of evidenced ‘likelihood of impact’ may be a more practically useful means to 
inform decision-makers about the full systemic range of impacts than former attempts to 
derive monetary values of ecosystem services. 

Table 3: Examples of published ecosystem service valuation tools 
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A variety of ecosystem service assessment methods are now available including: 

● ARIES (ARtificial Intelligence for Environment & Sustainability) 
(https://aries.integratedmodelling.org/) 

● Co$ting Nature (http://www.policysupport.org/costingnature) 
● InVEST (Integrated Valuation of Ecosystem Services and Trade-offs) 

(https://naturalcapitalproject.stanford.edu/software/invest) 
● TESSA (Toolkit for Ecosystem Service Site-based Assessment) (http://tessa.tools/). 

 

 

4.3 Broader systemic contexts 

Increasing areas of Britain cropped for maize now increasingly driven by its use as an energy 
crop (Drury, 2019; Monbiot, 2014) is likely to intensify damage to floodplains if unchecked, 
giving rise to substantial and diverse sustainability implications.  Landscape conversion for 
biofuel production is further incentivised in Britain by a Green Gas Support Scheme, which 
includes a biomethane tariff (OFGEM, 2022).  ADAS and Ricardo Energy & Environment (2016) 
estimate that, to achieve UK Government policy aims for energy generation from renewable 
sources at that time, encouragement of the development of farm-scale AD units had led to 
29,000 hectares of maize grown for bioenergy in England (0.6% of total crop area) 
representing an estimated doubling of the area from 2013, with the area of maize likely to 
expand by as much as tenfold as more AD units became operational. 

In additional to the on-field impacts of intensive maize growth, there are multiple potential 
secondary implications.  These include methane and nitrous oxide emissions from feedlot 
cattle making significant contributions to climate-active gaseous emissions (Cooprider et al., 
2011).  Assessments of feedlot emissions generally fail to take a systemic overview, excluding 
land use and direct land-use change emissions as well as wider downstream impacts 
(Wiedmann et al., 2015).  The increasing volumes of maize now grown in Britain as a fuel for 
anaerobic digestion (AD) plants also competes with farm resources.  Although electricity 
generation from AD plants can contribute to UK energy security and decarbonisation goals, 
the UK Bioenergy Strategy (DECC, 2012) acknowledges that net greenhouse gas reduction 
depends on considering both direct and indirect land use changes, including Government 
commitment to halt and reverse biodiversity loss and ecosystem degradation.  AD digestate is 
claimed to be a renewable form of fertiliser (AHDB, 2020) allowing recovery of some nutrients 
(NKP) (Van Cossel et al., 2020) although the proportion of ammonium-N to Organic-N is very 
substantially higher than other types of agricultural waste spread to land (AHDB, 2020) and 
maize production is associated with high fluxes of nitrates and phosphates entering water 
bodies compared with arable-dominated catchments (ADAS and Ricardo Energy and 
Environment, 2016).  Currently, only the largest AD plants are required to consider direct land 
use changes in areas of high biodiversity value or high carbon stock (including wetlands) in 
England (DECC, 2012).  Also, only AD plants using feedstocks comprising or containing waste 
require an environmental permit or a relevant exemption, whilst plants taking only non-waste 
feedstocks require no permits (Environment Agency, 2014).  This lack of regulation means that 

https://aries.integratedmodelling.org/
http://www.policysupport.org/costingnature
https://naturalcapitalproject.stanford.edu/software/invest
http://tessa.tools/
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keeping track of AD plants is uncertain though the number of plants is increasing in the UK, 
Scrivener (2016) documenting that “...the Anaerobic Digestion and Bioresources Association 
showed that in December 2016 there were 540 UK AD plants in operation, compared with 424 
in December 2015” (27% growth in a year).  The Anaerobic Digestion and Biogas Association 
acknowledges the role of an energy crop code of conduct for farmers in combating concerns 
over negative environmental impacts of purpose-grown crops (ADBA, 2021). 

Further research is required to address the wider anaerobic digestion and biofuels system on 
a fully systemic basis to support more sustainable choices.  This includes, for example, 
determining whether the wider AD market is viable without generation subsidies, that takes 
account of where or if subsidised energy is used given the lack of energy storage facilities.  
The broad systemic ‘footprint’ of maize-based biofuel production, digestate disposal or reuse, 
and carbon-intensive crop transport neds to be brought into this systemic assessment, 
including implications for climate change, nutrient fluxes and other ecosystem services and 
their associated beneficiaries. 

 

4.4 Management solutions for sustainability 

The foundational roles of ecosystems underpinning continuing human security and 
opportunity is increasingly recognised (for example Costanza et al., 1997 and 2017).  Concepts 
such as ‘wise use’ (sensu Ramsar Convention: see Finlayson et al., 2011) are embedded in 
international agreements to which the UK is a signatory.  Requirements under the Convention 
on Biological Diversity for signatories to take an ‘ecosystem approach’ across all policy areas 
(CBD, 2000) necessitate engagement of a broad range of stakeholders at all stages of planning 
and implementation (Schindler et al., 2016).  There is also expanding recognition that 
achievement of the 17 interconnected Sustainable Development Goals (SDGs) and their 169 
subsidiary Targets (UN, 2015) rests substantially on maintaining flows of supportive 
ecosystem services (Wood et al., 2018; Everard & Longhurst, 2018), even though the 
ecological roots underpinning the SDGs are still substantially neglected (Reid et al., 2017). 

Evidence of the current rewards and restrictions pertaining to floodplain use clearly illustrate 
that the UK is far distanced from realisation of these noble aspirations and commitments and, 
with growing trend in maize production, likely to further depart from them.  Whilst intensive 
maximisation of a subset of benefits from floodplain conversion, principally production of 
fibre and fuel, may be beneficial for a limited constituency of stakeholders, it is likely to result 
in severe unintended adverse outcomes for other interconnected ecosystem services and 
their beneficiaries over space and time.  Further life cycle research is required to inform 
decision-makers about the wider livestock and energy systems for which maize growth is 
currently expanding, taking greater account of the sustainability of the whole socioecological 
system and not just immediate market rewards for land managers. 

As a more localised on-field mitigation measure, if not a systemic solution, riparian buffer 
zones may be located between sources of diffuse nutrient and other agricultural pollutants 
and receiving waters.  However, buffer zones may be less effective where subsurface drains 
provide the major flow pathway (Muscutt et al., 1993).  Everard and Jevons (2010) undertook 
an ecosystem services assessment, with illustrative monetisation of quantifiable outcomes, of 
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the benefits accruing from buffer zone installation on the upper Bristol Avon, Wiltshire (UK).  
Jabłońska et al. (2020) modelled the potential for catchment-scale wetland buffer zones 
installation to remedy diffuse nutrient pollution in ecologically suitable regions of north-
eastern Poland, concluding that this strategy would be cost-effective and “...thus a question of 
setting policy priorities rather than financial impossibility”.  Specifically addressing energy 
crop production promoted by grants in British floodplains, the Environment Agency (2015) 
highlighted a lack of understanding of the flood risk impacts of energy crops planted on 
floodplains and how they are managed, in addition to the current lack of guidance or policy. 

A more strategic solution is zonation of land use based on suitability not only for crop 
production – currently the principal driver of land use – but also recognising other societally 
beneficial ecosystem services, particularly for habitats such as floodplains and other wetlands 
that generate a wealth of often formerly overlooked ecosystem services with significant 
catchment-scale benefits.  Such a systemically informed approach can potentially alleviate 
pressures on floodplains, though care must be taken not simply to displace damage to other 
important, sensitive habitats falling foul of the law of unintended consequences through 
‘diffuse pollution swapping’ (sensu Stevens and Quinton, 2009) and impacts on a wider range 
of ecosystem services.  RAWES or other ecosystem service assessment approaches can inform 
policy and local decisions for optimisation of landscape suitability and use.  However, 
progression towards valuation and safeguarding of the wider societal benefits produced by 
landscapes may conflict with legacy property rights favouring freedom of use by land owners 
that, where prioritising private profit-taking over wider values for society and nature, conflict 
with sustainability goals. 

 

4.5 Drivers for a changing approach to floodplain farming 

There is an increasingly urgent need to safeguard ecosystems and biodiversity to support 
human wellbeing, explicitly under the 2021 2030 UN Decade on Ecosystem Restoration (UN, 
2021) and in achieving the UN Sustainable Development Goals.  Society cannot achieve 
sustainable development without such a shift in paradigm recognising and reconnecting with 
its ecological dependencies (Everard et al., 2021), elevating the vision to rebuilding rather 
than merely reducing pressure on degraded supportive ecosystems (Everard, 2020).  This 
includes moving away from, or at least becoming more sophisticated about, currently narrow 
monetary valuation as the principal mechanism for assessing progress (Martin and Mazzotta, 
2018). 

Mace et al. (2015) list British floodplain wetlands as critical natural capital essential for 
providing the goods and services on which people depend.  Britain’s long history of 
investment in river straightening and land drainage, including the substantial elimination of 
vast tracts of wetlands (Cocker, 2018; Rotherham, 2010 and 2013) has led to a dearth of 
functioning floodplains (now occupy only 5% of UK land area and rare internationally) in 
supporting biodiversity and societally beneficial ecosystem services.  Sustainable management 
of floodplains, such as through traditional, lower-intensity grazing and hay cropping to 
prevent coarser plant species from becoming dominant, can safeguard their diversity of 
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ecosystem services that otherwise decline or become lost when floodplains are degraded 
(Rothero et al., 2016; Entwistle et al., 2019). 

Highly sensitive indicators such as fish species including burbot (Lota lota) (Everard, 2021) as 
well as wetland birds (Everard and Noble, 2010), amphibians (Beebee, 2014) and other taxa 
(Everard et al., 2011) have been lost or in serious decline across Britain.  In addition to the 
inherent values of nature, this is significant as increased species richness is linked with greater 
ecosystem functioning, resilience and provision of ecosystem services (Tilman, 2000; 
Balvanera et al., 2006; Cardinale et al., 2006; Ives and Carpenter, 2007).  RAWES assessments 
serve to demonstrate the case that conservation initiatives, long regarded as a cost and 
constraint of freedoms, in fact preserve or regenerate substantial societal values.  They also 
demonstrate that wider wetland protection, restoration and creation programs can 
regenerate some of the areas and functions within catchments that have been historically 
degraded by unwise uses.  Targeted floodplain restoration would yield substantial savings and 
gains for society as a whole (Lawson et al., 2018). 

Compulsions alone have limited effect in changing thinking and practice around protection 
of the breadth of societal benefits generated by functional floodplains.  This limitation is 
compounded by the fact that only a low proportion of floodplains are designated for 
conservation, there is also a tendency for regulations to be targeted at single issues rather 
than systemic implications, and resources to ensure compliance can thwart their best 
intentions.  However, regulation has important roles to play, such as bringing all AD plants 
under regulation particularly where installed in vulnerable catchments.  Regulation affecting 
British watercourses needs strengthening substantially; a very current issue (see article by 
Ranard, 2022).  

Self-beneficial reasons may be more compelling for farm businesses not least how legacy 
problems such as soil loss are likely to affect farm viability, a liability that remains with the 
landowner whether or not cropping is contracted out.  The Environment Agency (2019b, 
page 1) notes that, in addition to threats to national security, “Soil carbon loss is an act of 
economic and environmental self-harm” articulating that poor soil quality adversely affects 
the income and way of life of farmers and that “Some parts of the country such as fenland 
peats could be only 30 to 60 years away from the fundamental eradication of soil fertility”.  
The scale of impact both nationally and for farm business is substantial, with 2.9 million 
tonnes of topsoil lost to erosion annually and soil degradation in England and Wales, 
estimated to cost £1.2 billion a year in 2010 (Graves et al., 2011).  The European 
Commission (2006) launched a soil protection strategy addressing the benefits provided by 
soils and risks associated with soil loss, including risks to food security and the food 
production business.  

Additional inducements arise from emerging incentives, including the evolving 
Environmental Land Management Scheme (ELMS) subsidy scheme introduced in England by 
the Agriculture Act 2020 on the founding principle of ‘public money for public goods’.  Defra 
(2021) lists principles of what ELMS could pay for, including: clean air and water; thriving 
plants and wildlife; protection from and mitigation of environmental hazards; beauty, 
heritage and engagement; and mitigation of and adaptation to climate change.  The ELMS 
principles are aligned with the wider environmental objectives for the UK government 25 
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Year Plan to Improve the Environment (HM Government, 2018) that “...aims to deliver 
cleaner air and water in our cities and rural landscapes, protect threatened species and 
provide richer wildlife habitats” and that “...calls for an approach to agriculture, forestry, 
land use and fishing that puts the environment first”.  The breadth of ecosystems services 
provided by semi-natural floodplains demonstrated by RAWES assessment provides a 
compelling case for support from taxpayer investment to safeguard a diversity of beneficial 
‘public goods’ enacting an approach “...that puts the environment first”.  Downstream value 
chains, such as wholesalers and retailers of farmed commodities, can also act to require 
greater supply chain transparency and responsibility as a reassurance to their customers of 
more sustainable practice. 

The systemic ecosystem services assessment approach undertaken in this study highlights 
wider environmental impacts that can inform evolving regulations, self-beneficial measures 
and targeted subsidies. 

 

5. Conclusions 

Ecosystem services assessment reveals significantly differing benefits and disbenefits 
generated by British lowland floodplains respectively in a semi-natural condition or converted 
for intensive maize production.  Greater net benefits flow from semi-natural floodplains 
across all four Millennium Ecosystem Assessment ecosystem service categories, with intensive 
maize production yielding significantly positive benefits in terms of fibre and fuel but with 
limited or negative benefits for most other ecosystem services. 

The RAWES approach has proven useful for revealing these values in semi-quantified form, 
integrating different forms of knowledge.  It provides a transferable basis for representing 
values across ecosystem services in an intuitive form, avoiding an overly narrow focus on 
marketable services skewing assessment away from important though inherently non-market 
services. 

Monetisation of ecosystem services was rejected as a useful approach given current but long-
standing methodological limitations, potentially serving only to misrepresent the totality of 
ecosystem values.  Better representations of value influencing decision-making are essential 
as current market characterisation of conservation of vital natural capital such as lowland 
floodplains as a cost and constraint, despite them delivering a wealth of societally beneficial 
services that are lost if converted from a semi-natural state, is a dangerously unsustainable 
absurdity. 

A range of enforcements and inducements, both self-beneficial and subsidised, can help shape 
farmer perceptions and practices about more sustainable forms of land use, including on 
floodplains but also across the wider landscapes. 

Further study is required to characterise the balance of benefits and disbenefits inherent in 
the wider livestock feedlot and bioenergy systems, as impacts on floodplain ecosystems form 
just one component of impacts on the wider socioecological system.  Subsidies and omission 
of key factors, such as carbon mobilisation in maize production, biofuel crop transport and the 
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use of energy, potentially skew current assessments of practices in terms of their overall 
sustainability and optimisation of benefits to society. 

Although this study is undertaken in a lowland British context, the findings are generically 
applicable to different floodplain uses in other geographical settings.  The methods used can 
also be adapted to address the outcomes of comparative uses of other habitat types. 
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