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In the past 30 years, Swedish EU Rural Development Programme (RDP) financing

for constructed wetlands (CWs) had two goals: nutrient reduction and biodiversity

conservation. Since 2007, at least 1,718 CWs have been implemented. However,

their cost e�ectiveness has been di�cult to assess as defined targets for

improvements were lacking. In 2013, Sweden set up regional (county) targets for

new CWs to mitigate eutrophication and conserve biodiversity as part of a 6-year

plan under the RDP. Here, we investigate if the increase in targeting was e�ective,

in particular if the 15 participating counties achieved their stated goals. We also

compare CW characteristics during the regionally targeted period (2014–2020)

with the preceding untargeted period (2007–2013). The results indicate that

regional targets were not achieved. Most counties set lower targets for biodiversity

conservation than for nutrient reduction. Hence, by 2020more counties exceeded

targets for the former than for the latter. Budget share allocated to the two goals

was not decisive, instead the outcome could be attributed to prioritization, budget

controls, timing consistency, decision criteria consistency and goal setting. During

both periods half of the CWs were funded for each purpose, yet the number of

wetlands constructed decreased by 82% in the second period. Landowners may

have prioritized biodiversity CWs as construction costs were higher for nutrient

retention CWs and costs were mostly not fully covered by the RDP. Furthermore,

targets were not budget limited, whichmeant that county-level allocation of funds

could be shifted to finance CWs that did not meet the intended purpose. To

increase overall measure e�ectiveness, we suggest that the distribution of national

funds for CWs should be divided between the two purposes identified at the

regional level and that reallocation of funds only be permitted in accordance with

redefinition at the county level.
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1. Introduction

Wetlands are an important part of the Swedish rural landscape. They provide

many environmental services including nutrient capture, enhancement of biodiversity,

and hydraulic buffering. However, wetland area was extensively reduced throughout the

20th century to enhance agricultural and forest production. In the past 30 years, the

Swedish government has supported the creation of constructed wetlands (CWs), as an

agri-environmental measure (AEM) to compensate for the loss of natural wetlands. The

new CWs have several purposes. In the 1990s when active support began, the two primary

purpose was to reduce nitrogen (N) loads from agricultural areas to the Baltic Sea and

to increase biodiversity (Graversgaard et al., 2021). Later the focus was expanded to

include reducing agricultural phosphorus (P) losses and to enhancing aquatic environments

in general.
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GRAPHICAL ABSTRACT

Evaluation of the regional targets set for each wetland purpose (biodiversity or nutrient).

Depending on their primary purpose, CWs can look different

from each other. Effective N reducing CWs are usually large open

ponds with varying amounts of emergent vegetation located in

agricultural areas with sufficient hydraulic and N loads (Djodjic

et al., 2022). CWs designed to promote P trapping should receive

a high P load. Since 2010, CWs for P retention have typically

been designed to route influent water into an initial open pond

followed by a shallow area with emergent vegetation. CWs to

support biodiversity are usually large and can be located anywhere

in a catchment.

In Sweden, the decision to construct a wetland is ultimately up

to the landowner. Landowners include individuals, corporations,

municipalities and other actors (Andersson, 2012). The large

financial investment is one of the main factors influencing

landowners’ willingness to construct wetlands (Franzén et al.,

2016) and a lack in continuity of financial support is seen

as an important barrier (Geranmayeh et al., under revision).

Landowners’ willingness is positively impacted by ecosystem

management cooperation, support from regulatory authorities and

policy design (Blicharska and Rönnbäck, 2018). However, farmers

most often associate wetland construction with negative impacts

on farming operations, due to land management changes (Hansson

and Kokko, 2018).

The Swedish government has used financial support to

landowners to encourage wetland construction through the

European Rural Development Programme (RDP), Local Water

Preservation Grant (LOVA) and Local Initiative for Nature

Conservation (LONA). Both LOVA and LONA are directly

financed by the Swedish state, while the RDP is up to 50% financed

by the European Union (EU). Each EU state has the power to adapt

and direct support to correspond with national priorities and needs

(Andersson, 2012). The RDP covers up to 100% of the total cost for

CWs, while both LOVA and LONA cover up to 90% of the total cost.

The RDP aims and targets of support for all purposes are

evaluated and set for multi-year periods. After joining the EU in

1995, Sweden has been included in four of these periods: 1995–

1999, 2000–2006, 2007–2013, and 2014–2020. In Sweden, the RDP

is the most important source of financing CWs. For example,

between 2011–2020, around 95% of all CWs were financed

through the RDP (Speks, 2021). EU-mandated evaluations of the

effectiveness of Swedish RDP support for CWs in the three most

recent periods concluded that although the area of new wetlands

increased, the increase was less than the expected areal goals

(Andersson et al., 2009; Smith et al., 2016; Grigoryan, 2019). More

importantly, these and other evaluations suggested that the cost

effectiveness of the RDP CWs could be vastly improved through

better targeting of areas for implementation and by being more

purpose driven (Weisner et al., 2015, 2016; Bång et al., 2019; Djodjic

et al., 2020; Graversgaard et al., 2021).

There is considerable international interest in improving AEM

cost effectiveness and cost efficiency through targeting. The overall

goal of targeting is to focus on the cost of implementation relative

to the effect of a measure. This can lead to both greater cost

efficiency and cost effectiveness. These two terms are related and

often used interchangeably, leading sometimes to confusion. Cost

effectiveness is the cost per unit of the targeted effect. A particular

measure is more cost effective or less cost effective only relative to

other measures. For example, construction of wetlands to reduce

N losses from farming activities to receiving waters (the target)

can be compared to other measures (e.g., cover crops) to reduce

Frontiers in Sustainable ResourceManagement 02 frontiersin.org

https://doi.org/10.3389/fsrma.2023.1251291
https://www.frontiersin.org/journals/sustainable-resource-management
https://www.frontiersin.org


Geranmayeh et al. 10.3389/fsrma.2023.1251291

N losses from farming activities. The cost effectiveness of any two

measures can be compared on different scales and potentially lead

to different results. In the aggregate, CWs in Sweden have been

shown to be more cost effective then cover crops (Mårtensson

et al., 2020) but at a very local scale a particular wetland due to

its design or placement may not be as cost effective as cover crops

in the same area. In addition, the cost effectiveness of individual

wetlands (proposed or implemented) can be compared, with the

result that one wetland may be more cost effective than another.

Cost efficiency is achieved when the resources used (quantified as

costs) for a particular measure cannot be allocated in any other

way and achieve a greater effect at the same place. In the work that

follows we have chosen to focus on cost efficiency, i.e., the efficient

allocation of resources to achieve a particular target.

In a communication on development of the new Common

Agricultural Policy (CAP), EC (2017) 713 “The Future of

Food and Farming”, the European Commission wrote that

Member States should define quantified targets to ensure

that environmental objectives agreed on are reached and that

there should be flexibility in formulation of strategic plans

to meet these objectives. Targeting locations where AEMs

are implemented fills both of these criteria. The search for

policy designs to incorporate targeting has led to a number of

suggestions. Primarily, these have focused on either adjusting

payments to landowners/managers or identifying factors

which will contribute most to the desired environmental

improvement and awarding premiums accordingly. The former

led to interest in various types of payment mechanisms,

such as reverse auctions, while the latter led to more explicit

definition of conditions which encourage program participation,

including decentralizing the policy decision process to lower

administrative levels.

In spite of the interest within the EU with respect to improving

the effectiveness of AEMs, there have been relatively few studies on

administrative decentralization. Beckmann et al. (2009) performed

a literature review and expert survey on AEM implementation

which included a focus on how decentralization impacts measure

efficiency and effectiveness. One of their insights was that although

there is a resistance to change from agricultural administrators

and farmer associations, it is possible for improvements (increased

decentralization) to be made within existing administrative

structures. Analyzing semi-structured interviews with institutional

stakeholders, Yang et al. (2015) concluded that the rigidity of

centralized RDP policy restricted local actors’ ability to prioritize

local needs. Bareille and Zavalloni (2017) developed and applied

a model to explore how AEM decentralization would affect the

provision of public goods. They found that while the returns

for decentralizing payments for AEMs from central to regional

government led to a decrease in the total amount of land used

for AEMs, it did lead to the inclusion of higher value land and

higher benefits to society. While there are other studies exploring

effects of decentralization on AEMs, they focus primarily on local

stakeholder involvement rather than a lower level of administration

(e.g., Leventon et al., 2019; Schomers et al., 2021). Changes to

the guidelines for CW implementation in Sweden within the

RDP in the period from 2014–2020 brought in a higher level

of decentralization with respect to determining local priorities,

i.e., targeting.

Initially, participation in the Swedish RDP program for CWs

was limited to previously defined nitrogen sensitive areas (NSAs)

following established EU guidelines. The NSAs were broadly

geographically defined and included large areas of Southern

Sweden without regard to political boundaries. As the RDP

expanded beyond a focus on N reduction to also include P

retention and enhanced biodiversity, the geographical area of

eligibility also expanded and currently includes all of Sweden. Up

until the most recent program period (2014–2020), the separation

by purpose between CWs intended for nutrient reduction and

those with a focus on improved biodiversity was primarily left

up to county-level administrators. RDP funds were allocated to

county boards by the national program administrator, the Swedish

Board of Agriculture. At the county level, applications submitted

by landowners were evaluated and approved when basic general

criteria were met and funds were available. There were no county-

level targets set for the share of funds which would support

nutrient reduction and the share that would support biodiversity.

Funds could be used for either purpose as long as they were

available. In addition, while county level authorities used informed

judgement in their evaluation of applications, no metrics were

available to evaluate expected effectiveness for either purpose

(Grigoryan, 2019). As described above, evaluations concluded

that there was still considerable room for improving program

effectiveness through supporting purpose driven CW location and

design (Andersson et al., 2009; Smith et al., 2016). This led to

changes in the RDP policy for financing CWs.

In the Swedish 2014–2020 RDP, each county board had

to propose targets for the budget share supporting CWs for

nutrient reduction and the share supporting CWs for biodiversity.

Proposing regionally determined budget shares would lead to

assigning regional priorities for the two general CW purposes. Each

county would identify targets for providing support for CWs based

on the estimated regional conditions and needs. Coupling a budget

share to a regionally defined target would improve cost efficiency

and as a result also be expected to lead to greater cost effectiveness.

The aim of this study is to investigate the result of this increase in

targeting and its effect on construction of purpose driven wetlands.

For the analysis, targets set by individual counties are compared

with the construction of RDP-supported CWs in each county.

In addition, wetland characteristics (including primary purpose,

number, size and cost) are compared for wetlands constructed

with RDP financing for the period from 2007–2013 with those for

the immediately following period from 2014–2020 when regional

(county level) targets were included for the first time. If targets were

met then it may be assumed that there was greater environmental

improvement, and as a result a higher degree of cost efficiency from

the targeting.

2. Materials and methods

2.1. Data collection

Data on wetlands financed by the RDP during the last two

program periods 2007–2013 and 2014–2020 was obtained in

spring 2021 from the Swedish Board of Agriculture. These two

periods are referred to as “earlier” and “later.” The data included
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both constructed and restored wetlands; data for 389 restored

wetlands were excluded since our aim was to only look into CWs.

Data for the earlier period categorized activities as “construction

of wetlands,” “restoration of wetlands,” or “construction and

restoration of wetlands.” Since the third category is broader than

our focus on wetland construction, this category was not included

in the study. The number of categories increased to six in the

later program period: “restoration of wetlands,” “restoration of

dams which collect phosphorus,” “restoration,” “construction of

wetlands,” “construction of dams which collect phosphorus,” and

“construction,” making it easier to exclude all wetland restoration

activities. The remaining data consisted of 1,714 CWprojects (82%)

out of the original 2,103 projects.

The data received included county, project cost, construction

area and amount covered by the RDP. “Construction area” is the

land area in hectares (ha) affected by construction of the wetland,

hence it is larger than the wetland water surface area.

2.2. Financing CWs

The original data reported project costs and not the costs

of individual wetlands. Multiple wetlands were included in some

projects, but only data on total project costs and amount financed

by the RDP were available. When a project included multiple CWs,

individual wetland costs were calculated by pro-rating individual

wetland construction area by the total project area and multiplying

by the total project cost. The construction cost per hectare wetland

area in Swedish crowns (10 SEK ≈ 1e) was estimated by dividing

the total wetland cost by the total wetland construction area.

The total budget for environmental investments and for

wetland restoration and construction in the RDP was distributed

by the Swedish Board of Agriculture in the following manner: 10%

of the budget was divided to all 21 counties as a base amount, then

45% was divided by the share of agricultural land per county and

the remaining 45% by the share of arable land in nitrate sensitive

areas (NSA). The share of the total budget that was distributed to

each county was estimated with the following equation:

Budgetcounty =
BudgetT × 0.10/

∑
county+ BudgetT × 0.45× A+ BudgetT × 0.45× NSA

BudgetT

In this study we only included the 15 southern counties

(identified by letters, see Figure 2), as only one of the six northern

counties had any arable land in NSA (1.2%). The 15 counties

accounted for >90 % of the RDP budget, i.e., 38 billion SEK for

the earlier period and 37 billion SEK for the later period.

2.3. Calculating targets

The targets for wetland construction in each county were

collected from county Regional Action Plans set before the

2014–2020 RDP (Länsstyrelsen Jönköping, 2016; Länsstyrelsen

Värmland, 2016; Länsstyrelsen Västmanland, 2017; Länsstyrelsen

Kalmar, 2018; Länsstyrelsen Kronoberg, 2018; Länsstyrelsen

Örebro, 2018; Länsstyrelsen Skåne, 2018; Länsstyrelsen

Östergötland, 2019, 2020; Länsstyrelsen Södermanland, 2019;

Länsstyrelsen Stockholm, 2019; Länsstyrelsen Blekinge, 2020;

Länsstyrelsen Gotland, 2020; Länsstyrelsen Halland, 2020). In

these Action Plans, an indication of how the budget should be

distributed was given through stating the share allocated to:

• Constructing and restoring wetlands and ponds for the

purpose of biodiversity.

• Constructing and restoring wetlands and ponds for the

purpose of increased water quality.

• Environmental investments for increased water quality.

• Constructing two-stage ditches.

Only the targets directed at CWs were included in this study

and new percentages were calculated from these two targets. These

indicated the share of nutrient reduction CWs and biodiversity

CWs that the county aimed to implement. In some cases, Regional

Action Plans did not provide hard targets. For example, in County

C, the Regional Action Plan stated that “at least 25% of the

budget” should be allocated to each wetland purpose. County

C was therefore listed with >25%, as they did not provide a

detailed percentage.

2.4. Data analyses & statistics

Analysis of variance (Tukey’s pairwise comparison method)

were used to determine if there was a significant difference

between average construction areas (ha) for the main purpose

groups (biodiversity, nutrient reduction and combined biodiversity

and nutrient reduction). The one-sample Kolmogorov–Smirnov

test was used to test the null hypothesis that data came from

a standard normal distribution. For all analyses a nominal

significance level of 0.05 was used. Minitab 19 was used for all

statistical analyses.

3. Results

3.1. National wetland construction RDP
2007–2020

During 2007–2020 the RDP financed 1,714 CWs, yet there

was a large difference between the two periods, as only

15% of the CWs were implemented during the later period

(Figure 1), corresponding to 25% of the total 4,803 ha wetland

construction area. The total cost for constructing these wetlands

was approximately 580 million SEK and the RDP financed 430

million SEK of that cost (74%). Payments from the RDPwere higher

during 2007–2013 (313 million SEK) compared to 117 million

SEK in 2014–2020. These payments correspond to approximately

0.8 and 0.3% of the overall RDP budget in the earlier and later

periods respectively.

3.2. Regional distribution of CWs RDP
2007–2020

There were large regional differences in wetland construction

financed by the RDP. The greatest differences were found along
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FIGURE 1

(A) Number of constructed wetlands (CWs) (% of total) and (B) construction area (ha and % of total area) with the main purpose of retaining nutrients

(blue), increasing biodiversity (green) or a combined purpose (gray) financed by the Rural Development Programme (RDP) during 2007–2013 and

2014–2020.

FIGURE 2

Maps of southern Sweden divided into Counties (letter) showing the share of agricultural area of the County (blue scale), (A) share of number and (B)

area of constructed wetlands financed with the RDP period 2007–2013 and 2014–2020.

the southern coasts, though this varied between the two periods

(Figure 2). In the earlier RDP period, County M constructed

32% of all the wetlands using RDP financing, followed by 14%

in County O and 10% in Counties N and H. The difference

was even higher for the constructed wetland area, as during

2007–2013 County M implemented 41% of the total area. In

the later (2014–2020) period, this decreased to 11% of the total

number and 17% of the total area in County M. In contrast, the

wetland area doubled to 16% in County O, while the number

of wetlands was about the same (14 and 15%). In County D,

both number and area increased from 2 to 8% and from 4 to

11% respectively.
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FIGURE 3

County targets (crosses) as the share of each county’s (letters) wetland budget with the main purpose (A) nutrient reduction and (B) biodiversity set

before the last Rural Development Programme (RDP) program period 2014–2020. The share of RDP payment for CWs implemented during

2014–2020 with the main purpose (A) nutrient reduction (blue) and (B) biodiversity (green).

FIGURE 4

The share of nutrient wetlands 2014–2020 in relation to the county targets. Bubble size is the counties’ share of the Rural Development Programme

(RDP) budget.

3.3. County targets in RDP 2014–2020

For the later RDP program period, regional Action Plan Targets

were set, i.e., what share of the total budget was to be allocated for

improved water quality, two-stage ditches and wetland restoration

and construction with main purposes of increasing biodiversity

and nutrient reduction. As we only have data on CWs, targets

for the two wetland purposes were estimated as a share of the

wetland budget for each county (Figure 3). Most counties (9 of 15)

targeted larger budget shares for nutrient CWs ranging between

60 and 71%, with the highest values in Counties E, O, S and

T. The lowest nutrient target (11%) was set in County F, which

is much less than the 35 and 37% set in Counties K and U.

County C only set a target of at least 25% for both purposes, and

therefore could reach the targets for both purposes. County F, with

the lowest nutrient target, also reached both targets. Furthermore,

in four of the 15 counties the difference between the target and

those implemented was more than 10% for biodiversity CWs

(Counties E, I, O, and T), while in three cases (Counties AB,

H, and M) the target for nutrient CWs was exceeded by more

than 10%.

There was a large difference in budget distribution between

counties; Counties M and O both received around 18% of the total

budget, while the rest each received between 2 and 8% (Figure 4).

The county budget did not have an impact on the ability to reach

county-level targets. Counties AB and H, both with relative small

budgets, managed to implement even more nutrient reduction

CWs than their target. In contrast, Counties O and E had relatively

high shares of the overall budget, yet neither managed to fulfill their

target for nutrient reduction CWs.
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FIGURE 5

Interval plots for (A) construction area (ha), (B) area-specific construction cost (SEK ha−1), (C) subsidy (SEK ha−1) and (D) subsidy (% of construction

cost) financed by the Rural Development Programme (RDP) during 2007–2013 and 2014–2020 for biodiversity CWs (green) and nutrient CWs (blue).

The CW with combined purpose during RDP 2007–2013 was excluded. Number of biodiversity CWs was 553 and 125, while corresponding number

for nutrient CWs was 614 and 138 in the two respective RDP periods. Dots represent mean values and horizontal bars show 95% confidence intervals.

3.4. Comparison of program before and
after targeting

3.4.1. Construction area
Average construction areas varied significantly between

periods. Both mean and median construction areas were larger

during the later RDP period (4.6 ha and 2.5 ha) than during the

earlier period (2.4 ha and 1.0 ha). Within each period the number

of CWs for biodiversity and nutrient retention were similar

(Figure 1). However, in the earlier period 20% of the CWs were

categorized as a combination of the two purposes, while in the

later period this classification was no longer used. On the other

hand, biodiversity CWs accounted for a larger total construction

area (2,275 ha) than nutrient CWs (1,836 ha), corresponding to 55

and 45% respectively. This was a result of significantly larger mean

construction areas for biodiversity CWs (3.4 ha) than for nutrient

reduction CWs (2.5 ha). Regardless of purpose, mean construction

areas increased between periods (Figure 5A) with biodiversity CWs

increasing from on average 2.9 to 5.3 ha and nutrient reduction

CWs doubling in area from 2.1 to 4.1 ha.

3.4.2. Construction cost
As the wetland area increased between the program periods,

construction costs were significantly higher for each purpose. Mean

construction cost for biodiversity CWs increased from 270,646

to 440,323 SEK, while the cost for nutrient CWs was on average

324,629 and 620,027 SEK. While there was no difference in the

area-specific cost between the program periods for either purpose

(Figure 5B), the area-specific construction cost was significantly

higher for nutrient CWs (223,648 SEK ha−1) than for biodiversity

CWs (168,292 SEK ha−1).

3.4.3. Subsidies
In contrast to construction cost (Figure 5B), both the average

financial payment per hectare by the RDP and the share of costs

paid by the subsidy (% of construction cost) were higher for both

purposes in the later period (Figures 5C, D). Furthermore, during

the first period there was a difference in average share covered by

the subsidy between CWs for biodiversity vs. those for nutrient

reduction (Figure 5D). However, during the later period subsidies

for both purposes had similar (mean 83%) shares of construction

costs (Figure 5D).

4. Discussion

Policies which are expected to support the cost efficiency

of AEMs through targeting are either intended to lower costs

directly or to improve efficiency through placement and design.

It has long been suggested that decentralizing administrative

decision making could lead to higher cost efficiency (see
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Beckmann et al., 2009), however, previous studies have not been

based on a comparative evaluation of the effects of an actual change

in policy. For example, the potential impact of decentralization

on stakeholders has been studied (e.g., Leventon et al., 2019;

Schomers et al., 2021) and Yang et al. (2015) explored decision-

makers’ perspective on decentralization through semi-structured

interviews, while Bareille and Zavalloni (2017) modeled changes in

the provision of public goods. The results and analysis presented

here are based on a quantitative comparative evaluation of the

devolution of targets from a national agency to regional authorities

over two periods. Our study extends previous work on targeting

by identifying factors which have an impact on the effectiveness of

administrative decentralization.

The Swedish EU RDP developed national criteria to support

wetland construction including regional purpose driven targets that

would increase cost efficiency of CWs to reduce the amounts of

nutrients entering waterways and to increase biodiversity. In the

earlier RDP period both purposes were financed within the same

measure and responsible county-level authorities had no national

or regional targets for allocation between these purposes. This

changed in the later RDP period when participating counties were

asked to set specific goals for each purpose based on local priorities.

In this study, we have evaluated how successful the two programs

were in achieving their identified goals (Figure 2A). The deviations

from the goals set and the results can in part be attributed to the

following five factors: goal setting (quantification), decision criteria

consistency, prioritization, budget controls and timing consistency.

The manner in which goals were set and quantified is probably

the most important explanatory factor. In the earlier RDP period,

quantitative goals were set for the total number and area of

constructed wetlands regardless of purpose. When county boards

were asked to identify targets for the share intended for biodiversity

and nutrient CWs, respectively, there was no indication of how

targets were set. Results are not consistent across counties with

respect to which goals were met (Figure 3B). In some counties,

targets for biodiversity CWs were exceeded by more than 10%

(County E, I, O, and T) while in others targets for nutrient CWs

were exceeded (County AB, H, and M) while some counties met

both targets (County C, D, F, and K). This lack of consistency

may be an indication that there were problems with how targets

were developed.

There is considerable regional variation with respect to goals

that were set (Figures 3A, 4). While most counties set goals of

constructing over 50% of wetlands for nutrient reduction, in

County F the share for nutrient reduction was set around 10%.

It could be because there is less agricultural land in this county

but then neighboring County G with a lower share of agriculture

(Figure 2) set their nutrient reduction target at just under 50% and

County T with the same share of agricultural land set the nutrient

reduction goal at 70%. In addition, Counties O, S, and T have

chosen to set the same goals at 71%. These counties are contiguous

but have very different landscapes. That they have chosen the same

targets may indicate that the goals were determined in some way

in relation to each other. Finally, the total budget provided for

each county to cover both purposes is to a large extent driven

by the share of agricultural land in the county as well as the

area included in nationally designated NSAs. Agricultural practices

are the primary source of nutrient losses in Sweden. Assigning a

large part of the national budget to counties based on the relative

amount of agricultural land in the county reflects the importance

of promoting creation of CWs in the areas where the problems

are greatest. However, this does not seem to be the case (Figure 4).

Some counties with large budgets (indicative of a large share of

agricultural area and/or a need to reduce N losses) did not set

high goals for wetlands for nutrient reduction (e.g., Counties C

and M).

Achieving the benefits from targeting requires an ability at the

regional (county) administrative level to choose between measures.

The ability to accept (adopt) measures which are consistent with

the stated goals and reject those that do not fulfill the criteria is

why targeting leads to greater efficiency. For a voluntary program

such as the RDP wetland construction initiative, there needs to be a

sufficient number of applications to allow the approving authority

to differentiate between proposals which will lead to fulfillment of

the goal and those which will not. The number of applications needs

to be at least equal to or higher than the target. This allows the

authority to prioritize ex ante set targets. A shortage of applications

for one or the other (or both) of the two purposes is one factor

which could lead to targets not being met. Since participation is

voluntary, the financial support needs to be at least equal to the

costs expected to be incurred by the applicant. If the perceived

compensation for participating is less than expected costs or if there

is a perception that payments may not be forthcoming, then this

would be a disincentive to apply.

Although construction costs for each purpose were

similar between periods, the share of costs subsidized (level

of compensation paid to the applicant) increased for both purposes

in the later period (Figure 5C). This meant that in reality the level

of compensation relative to costs increased. Therefore, it could be

expected that the number of applications would increase. However,

a temporary stop of funding for all new wetlands between these two

periods in 2013 may have caused potential applicants to reconsider

the likelihood that they would be compensated and consequently

led to a fall in applications (Geranmayeh et al., under revision).

Regardless of the effect on the number of applications due to

greater net compensation and the decrease due to diminished

expectations, all that can be seen is that the number of approved

applications decreased by 82% in the second period (Figure 1A)

although the average CW size for both purposes increased

(Figure 5A).

Construction costs per hectare were lower in both periods

for biodiversity CWs. However, the cost for each purpose

was unchanged between the two periods (Figure 5B). Average

construction costs were higher for nutrient CWs as these more

often require that more material is moved for effective reduction

(primarily with respect to P) than for biodiversity CWs that

are typically flooded without removal of soil and where greater

total area is most important for providing species habitat. The

increase in construction area between the two periods (Figure 5A)

may have been due to fewer applications for smaller CWs.

Construction costs and the ability to compensate for these

are limited by the conditions of the program where a cap is

set on compensation per hectare. Increasing the size of the

compensated area is one possible way for an applicant to be
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able to provide sufficient compensation to cover higher total

construction costs.

A lack of budget control associated with the individual

targets may explain some of the difference between the targeted

goals and the second period results. The budget allocated

to the regional (county level) authorities is meant to cover

all CWs supported through the RDP program irrespective of

intended purpose. There are no separate budgets for each

purpose which in turn allows funds to be shifted between

purposes at the county level without approval from the national

authority. The result is that if there are more applications

approved for one of the two purposes than has been set as

a goal and there is still money available then this can be

moved between them. This shift of funding between purposes

allows goals to be exceeded. This effect is further enhanced by

the timing inconsistency between annual budgets and program

period goals.

Approval of applications is an ongoing activity. While there

can be considerable delays between when an application is initially

submitted and finally approved, this is rarely more than 2 years.

Since applications are approved continually, it is difficult for a

regional authority to manage approvals so that expected goals are

achieved at the end of the 6-year period. In order to achieve the

goal at the end of 6 years there would need to be annual review

of the goals (or annual targets) to stay on track. Annual budgets

would only support program period goals if these were evaluated

and adjusted appropriately each year. If this is not the case, and

applications are approved as long as there is funding then this may

also lead to unintended results. For the individual responsible for

evaluation and approval of applications an annual bias may also

impact their decisions. The role of the individual at the regional

(county) level with authority to approve applications is the final

factor to consider in meeting targets. As noted above, the long

period over which the program period goals are expected to be met

requires a comprehensive perspective. Different individuals may be

responsible for evaluation during the program period, hence the

need for clear guidelines and assessment of what wetland types have

already been implemented in the region for balancing the allocation

of funds between purposes. In addition, criteria for evaluation used

by individuals in this role need to be consistent with the goals.

When there are too many applications being approved for one or

the other of the two purposes this may point to a bias in the criteria

applied or to a need to revise the criteria used.

Furthermore, non-specific or multiple purposes are harder

to target. If the target had been singular, e.g., only N reduction

efficiency, evaluation of alternatives would be possible based solely

on how effective they were in achieving this. However, if the target

is nutrient reduction in general, then some wetland alternative

sites/designs may more effectively reduce P losses while others

could be more effective at controlling N. Comparing which of

these two is more effective is difficult, and they would need to

be expressed in a common metric. This lack of comparability

is even more problematic when evaluating wetlands created for

biodiversity where goals, and thus effects, may be defined in

multiple ways.

This analysis of the Swedish EU RDP reveals important aspects

that need to be taken into account when evaluating and designing

agri-environmental support programs tomake themmore effective.

While the study is specific for the Swedish context these insights

could also be used in other parts of the world where similar

programs are in place. Particularly, we highlight the need for

a comprehensive perspective with clear evaluation criteria and

balanced allocation of funds.

5. Conclusions

The aim of this study was to investigate if an increase in

targeting has been effective for the construction of purpose driven

wetlands. In our study of the Swedish EU RDP periods from 2014–

2020, the results indicate that regional (county) targets were not

achieved. In some cases, the target for the area and number of

nutrient CWs was exceeded and in others the result was lower than

the target. As there were only two targets, every exceeded target

for one purpose corresponded to an under-achievement for the

other. The mixed results may be a positive indication of a learning

process. It is not clear from the interviews and documentation

reviewed for this study how targets were set by regions, as a larger

share of agricultural land was not correlated with higher nutrient

target. It may be that if targets were set somewhat arbitrarily

based on a general feeling of what could be achieved, the results

can provide feedback that can be incorporated in new targets for

following periods. Irrespective of how targets were set and the

results achieved, they provide an indication of the level of ambition

for supporting construction of purpose driven wetlands in each

region. Indicating the desired results makes it easier to evaluate

program success and to perhaps understand the factors which

contribute to achieving those results.

Another potentially important reason that regional targets were

not met could be that they were adjusted according to the number

and type of applications received. In the end it is the landowner

that decides what type of wetland they seek to implement and

their purpose. Land owners interest is often recreation and bird

watching rather than nutrient reduction (Geranmayeh et al., under

revision) and considering the higher cost for constructing the latter,

there might be a preference for biodiversity CWs. If there was a

surplus of applications for biodiversity and a deficit for nutrient

reduction, given the flexibility of the program budget more funds

could then be used for the purpose in higher demand. To increase

the application rate and cost efficiency the total cost of the CWs

needs to be covered instead of only 83% on average. Continuity

and help with the complicated application process is crucial for

landowners trust and willingness to construct wetlands, therefore

long-term financial and support system is needed (Geranmayeh

et al., under revision). Providing financial support for designated

catchment officers and wetland advisory services can also be

important catalysts and provide bridges between landowners and

county authorities. Additionally, if the allocated budget is set for

each purpose individually and only allowed to be used by the

receiving county for the intended purpose, then it may be expected

that targets could be more easily prioritized and achieved. The

flexibility of shifting funds between purposes is also easier when

purposes are not well defined.

Clear definitions and decision criteria are the basis for effective

targeting. Non-specific or multiple goals are harder to target.
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Finally, while a regional landscape approach is beneficial

in many aspects, targets for individual wetlands should be set

depending on the placement in the wetlandscape (Hambäck et al.,

2022). To increase cost-efficiency of nutrient wetlands, a high

nutrient load is crucial (Djodjic et al., 2022), while connectivity and

maintenance is more important for biodiversity (Hambäck et al.,

2022). Hence, separate budgets for nutrient and biodiversity CWs

would lead to greater cost efficiency by focusing on evaluation

of effective criteria for placement and design. In addition, cost-

efficient assessment of existing wetlands at wetlandscape level and

what type of wetland types are still needed to fulfill the reduction

targets and to create a multifunctional wetlandscape is required.

This would lead to an efficient usage of not only land, but also

investment and maintenance support within the RDP program.
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