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Abstract

Background: Wetlands in many parts of the world have been degraded, as use of the land for food production and
forestry for human needs have taken precedence. Drainage of wetlands has led to deteriorated wetland conditions
and lowered water tables. Across the world, there are several programs for wetland restoration and construction,
primarily to reintroduce lost habitats for wildlife, and to obtain nutrient retention functions. In Sweden, recent dry and
hot summers have reinforced interest in the hydrological functions that wetlands may have, in particular as poten-
tial support for water storage in the landscape and added groundwater storage during dry periods. However, the
agreement on substantial effects on groundwater is limited, and there are several critical knowledge gaps, including
the extent to which such effects extend outside the wetland itself, and how they vary with local conditions, such as
topography, soil, and climate. Therefore, this review will address the groundwater storage effect of restoring, con-
structing or draining wetlands in the boreo-temperate region.

Methods: We will conduct a systematic review of the evidence, drawing on both peer-reviewed and grey literature.
Articles in English, Swedish, Norwegian, Danish, French, German and Polish will be retrieved from academic data-
bases, Google Scholar, and websites of specialist organizations. We will screen literature in two stages, first at the title
and abstract level and then in full text, the latter with blinded decisions by two independent reviewers for all articles.
Articles will be included based on relevance criteria for a Swedish context: wetlands on previously glaciated soils in
boreal and temperate climates. Data will be extracted from all included articles, including wetland type, intervention
type, and hydrogeological setting. Studies will be subject to critical appraisal to evaluate their susceptibility to bias.
Provided enough evidence of sufficient reliability, we will carry out meta-analyses of effect sizes in relation to various
factors. The review will include a narrative synthesis in which we summarize the results of the review.

Keywords: Peatland, Bog, Fen, Mire, Water table, Hydrology, Hydrogeology, Evidence synthesis, Environmental
management

Background

Wetlands are among the most degraded ecosystems

globally [1]. Many degraded wetlands are in urgent
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global wetlands have been degraded the last 300 years,
50% since the beginning of the twentieth century [2].
Wetland degradation are common in both coastal and
inland areas, although the inland systems have been
especially affected [3].

Wetlands are ecosystems that, either permanently or
seasonally, are flooded resulting in oxygen-free reduc-
ing environmental conditions. Natural wetlands have
several important ecosystem functions, including water
purification [4], water storage [5], carbon sequestration
[6], shoreline stabilization [7] and unique habitats [8].
As such, natural wetlands are some of the most biodi-
verse ecosystems globally, serving as habitats for a large
range of plant and animal species [9].

At northern latitudes, many wetlands are peat-form-
ing mires (bogs, fens and mixed mires) with important
carbon sequestration functions. Other northern wet-
lands consist of coastal and limnic shore wetlands, as
well as other wetland types that are formed directly on
mineral soils. An important hydrological distinction
between wetland types is the predominant source of
water supporting the wetland ecosystem, i.e., precipita-
tion, groundwater, or surface water.

Historically, substantial wetland areas were formed
on temporary flooded floodplains and lake shores. With
increased water level regulation to harness energy or
create agricultural land, the area of such riparian wet-
lands has dramatically decreased [1]. Many other types
of wetlands have also been drained for agricultural or
forestry purposes, and thereafter ceased to be wetlands
as human induced ditch-networks efficiently removed
the water and prevented the natural flooding regime.
In Sweden alone, over 1 million km of ditches were
dug—mostly by hand on peatlands—the last century
to improve forest and agricultural productivity [10].
This is equal to the length of all natural streams and
rivers in the country. Drainage has lowered the water
table, which has resulted in increased bulk density of
the peat, which in turn has led to decreased hydraulic
conductivity [11, 12]. This so-called peat subsidence is
the most important factor causing ditches to become
shallower with time [13], but also suggests that wetland
drainage can cause irreversible changes to their hydro-
logical function.

Wetlands typically develop in groundwater discharge
areas. Restoration of wetlands can therefore impact
groundwater systems hydraulically, resulting in effects
on groundwater quantity as well as quality, e.g. changes
in groundwater levels, storage, chemical and microbial
composition. The wetland restoration efforts may thus
affect groundwater dependent ecosystems as well as eco-
system services such as the potential of geological forma-
tions to serve as aquifers for drinking water or irrigation.
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In Sweden, recent extreme heatwaves, culminat-
ing with the 2018 drought, has increased the interest in
how restorations of wetlands, though primarily target-
ing other functions such as physical, chemical, and bio-
logical aspects, affect groundwater storage and recharge.
Restored wetlands clearly affect local hydrology by rec-
reating wetland conditions, which in turn often involve
a raising of the local water table. However, the magni-
tude and spatial extent of this effect for various types
of wetlands, interventions, and site conditions, as well
as the potential effect on groundwater recharge to the
underlying or adjacent aquifer, have not been univocally
demonstrated.

Several knowledge gaps remain with regards to wetland
hydrological functions and their changes under hydro-
climatic and human influences. For example, changes in
land use (including both creation, restoration and drain-
age of wetlands), water use, climate and demographic
pressures all affect landscape water fluxes and balances
(e.g., [14, 15]). However, the net effects of such changes
on wetland hydrological functions (including groundwa-
ter regulation and recharge) across wetland types, regions
and scales remain largely unknown [16]. Although wet-
land drainage and its hydrological impacts have been
studied extensively, results are often based on local, indi-
vidual wetland conditions, with the lack of assessments
beyond and between individual wetland borders [17].
Improving this knowledge of wetland hydrological func-
tions under current and future changes requires science-
based management and regulatory responses at multiple
levels [18].

Swedish support for wetland restoration and crea-
tion has recently been reinforced for projects with water
retention and water storage purposes. New or expanded
wetland drainage also occurs in Sweden, mostly in con-
nection with infrastructure projects, renewed permits
for peat extraction, or for maintenance of the extensive
drainage networks that already exist. The Swedish Geo-
logical Survey (SGU) is responsible for Sweden’s national
environmental objective to have a groundwater of good
quality. SGU also assists other government agencies in
reviewing both restoration and drainage projects from a
hydrogeological perspective.

In line with the knowledge gaps outlined above, SGU
has also noted a limited knowledge of groundwater
effects from wetland restoration, creation and drainage
in a Swedish context [19]. Therefore, SGU has suggested
that Formas, the Swedish Research Council for Environ-
ment, Agricultural Sciences and Spatial Planning, should
investigate this topic. After a pilot study by Formas, the
Council for Evidence-Based Environmental Analysis has
decided that Formas should conduct a systematic review
of the evidence.
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To evaluate the effect of wetland interventions on
groundwater storage, we will perform a systematic
review including both peer-reviewed and grey literature
(e.g., non-peer reviewed reports and student theses). We
will provide a meta-analysis of the magnitude of change
in groundwater storage following wetland creation, resto-
ration and drainage, to the extent that existing literature
allows an assessment to be made. The analysis will also
provide an indication of uncertainty ranges and potential
gaps and shortcomings in the available literature.

Stakeholder engagement

During the writing of the protocol, consultations have
been held with several stakeholders, primarily govern-
ment agencies with a mandate that involves hydrological
effects from wetland creation, restoration and drainage.
These include the Swedish Environmental Protection
Agency, the Swedish Meteorological and Hydrological
Institute, the Swedish Food Agency, and regional County
Administrative Boards who oversee wetland restoration
projects. Additional consultation has been held with
municipalities and non-government associations, includ-
ing forest and farm owners, as well as nature conserva-
tion societies. Several researchers have been contacted
with specific questions. Stakeholders have been invited
to comment on the protocol before submission and
will be invited to review the results of the review before
publication.

The results of the review are expected to be useful for
SGU and the Swedish Environmental Protection Agency
in assessing the possible effects of wetland restoration,
creation and drainage in various hydrogeological set-
tings relevant for a Swedish context. The results are also
expected to be of use to county administrative boards
who are involved in wetland project applications, and to
municipalities, land owners, and environmental associa-
tions who are considering where a wetland project may
have the greatest effect on the groundwater storage.

Objective of the review
The primary question of this systematic review is:

What is the effect on groundwater storage from restor-
ing, constructing or draining wetlands in temperate and
boreal climates?

Of particular interest are effects in areas that are adja-
cent to the wetland, as opposed to within the treated wet-
land. We expect, however, that studies that report such
effects will be few, and therefore will also include stud-
ies that have reported effects within the affected wetland
only.

A secondary question is the possible role of factors that
could influence the effect.
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The main question can be separated into the following
elements:

Population: Groundwater in temperate and boreal cli-
mates in previously glaciated areas.

Intervention: Restoration, construction or drainage of
wetlands.

Comparator: No intervention.

Outcome: Change in groundwater level, storage or
amount.

The elements of the question are further defined in the
section on article screening and study inclusion criteria
below.

Methods

This review will follow the Collaboration for Environ-
mental Evidence guidelines [20] and conform to the
ROSES reporting standards [21]. The ROSES form is
available in Additional file 1.

Searching for articles

Searches will be made for peer-reviewed articles and grey
literature using bibliographic databases, search engines,
websites of relevant organizations and stakeholder con-
tacts. The reference management software EndNote
will be used to collect all search results and to remove
duplicates.

Bibliographic database search

Searches will be made in the eight bibliographic data-
bases and platforms listed in Table 1. The search string
will be adapted to the specific syntax in each database.
All the adapted search strings and matching results will
be published in the final review.

We will use a search string that consists of two search
blocks, one search block with intervention terms (res-
toration, construction or drainage of wetlands) and one
search block with outcome terms (change in groundwa-
ter level, storage or amount). The search string, adapted
to the bibliographic database Scopus, can be found in
Additional file 2. The searches will not be limited by date
or document type, but the searches will be limited to
language, finding documents in English, Danish, French,
German, Norwegian, Polish, and Swedish.

The search terms were derived from a combination of
different approaches:

+ Brainstorming within the review team.

+ Many of the wetland terms were retrieved from pre-
vious systematic reviews [22—24].

+ More search terms (both English and Swedish) were
found in the dictionary from the Swedish Hydrologi-
cal Council [25].



Bring et al. Environ Evid (2020) 9:26

Table 1 Bibliographic databases to be searched
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Database/platform Search field

Language of search terms Subscription information

Scopus Title, Abstract, Keywords

Web of Science Core Collection Topic (search the fields: title, abstract

and keywords)

Academic Search Premier
Supplied Keywords

CAB Abstracts Title, Abstract, Heading Words
Directory of Open Access Journals*  All fields
DivA® All fields

ProQuest Natural Science Collection

SwePub?® All fields

Title, Abstract, Subject Terms, Author-

Title, Abstract, All subjects & indexing

Swedish Research Council Formas
subscription

English

Swedish Research Council Formas
subscription includes:

Science Citation Index Expanded;
Social Sciences Citation Index; Arts &
Humanities Citation Index; Confer-
ence Proceedings Citation Index-
Science; Conference Proceedings
Citation Index- Social Science &
Humanities; Emerging Sources Cita-
tion Index

English

Swedish Research Council Formas
subscription on Ebsco platform

English

Swedish Research Council Formas
subscription on Ovid platform

English

English Free, does not require a subscription

English and Swedish Free, does not require a subscription

Swedish Research Council Formas
subscription includes:

AGRICOLA; Agricultural Science
database; Aquatic Sciences and
Fisheries Abstracts; Biological Science
database; Biological Science index;
Earth, atmosphere & Aquatic Science
database; Environmental Science
database; Environmental Science
index; Meteorological & Geoastro-
physical Abstracts

English

English and Swedish Free, does not require a subscription

@ Asimplified search string will be used and published in the final report

+ The list of search terms identified where evaluated
by the subject experts in the review team. Irrelevant
terms were deleted and new terms were added after
consulting with the experts.

+ A list of benchmark studies (see Additional file 3)
were used during the development of the search
string and to test the comprehensiveness of the
search. The bibliographic database Scopus was
used when developing the search string and testing
whether the benchmark studies were found. If any of
the benchmark studies had been missed, the search
string was adapted to include the missed studies.
The search string in Additional file 2 retrieves all the
benchmark studies.

Search engines

We will search Google Scholar, using simple search
strings in English and Swedish. The search strings for
Google Scholar can be found in Additional file 2. The first
200 results from each search string will be exported from
Google Scholar using Publish or Perish software [26].

Websites of relevant organizations

In order to find grey literature, we will search the web-
sites of relevant organizations, listed in Table 2. Simple
search strings will be used, adapted to the search capa-
bilities of each website. Both English and Swedish search
terms will be used, depending on the appropriate lan-
guage for each website. All search strings and matching
results will be published in the final review.

Supplementary searches

We will contact stakeholders and experts in the field
to request studies and reports. If we identify relevant
reviews during the article screening process, we will look
through the bibliographies of these reviews and include
relevant literature not already identified.

Article screening and study eligibility criteria

Articles will be screened in two stages. First, all results
will be screened on title and abstract. At this stage, arti-
cles will be classified into three categories: (1) include,
(2) exclude, and (3) probably exclude. Double screen-
ing by two independent screeners will be performed
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Table 2 Websites to be searched
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Organization URL

Language of search terms

Organizations in Europe

EEA (European Environment Agency) https://www.eea.europa.eu English
European Commission Joint Research Centre https://ec.europa.eu/info/departments/joint-research-centr  English
e_en
Miljstyrelsen (Danish Environmental Protection Agency)  https://mst.dk English

Luke (Natural Resources Institute Finland)

https://www.luke.fi

English and Swedish

Metsdhallitus (Steward of state-owned land and water https://www.metsa.fi/ English and Swedish
areas in Finland) https://julkaisutmetsa.fi/

SYKE (Finnish Environment Institute) https://www.syke fi English and Swedish

Environment Protection Agency Ireland https.//epa.ie/ English

Deltares https://www.deltares.nl/en/ English

PBL Netherlands Environmental Assessment Agency https://www.pbl.nl/ English

NIVA (Norwegian Institute for Water Research) https.//www.niva.no/ English

IVL (Swedish Environmental Research Institute)
Jordbruksverket (Swedish Board of Agriculture)

Lansstyrelser i Sverige (County Administrative Boards in
Sweden)

Naturvardsverket (Swedish Environmental Protection
Agency)

SGU (Geological Survey of Sweden)

Skogsstyrelsen (Swedish Forest Agency)

SMED (Swedish Environmental Emissions Data)

SMHI (Swedish Meteorological and Hydrological Institute)
SKB (Swedish Nuclear Waste Management Company)
Vattenmyndigheterna (Swedish Water Authorities)

DEFRA (Department for Environment, Food & Rural Affairs)

Scottish Environmental Protection Agency
UK Centre for Ecology & Hydrology
UK Environment Agency

Organizations in North America
Association of State Wetland Managers
Environment and Climate Change Canada

U.S. Environmental Protection Agency
U.S. Geological Survey
International organizations
GWEN (Global Wetland Ecohydrology Network)
Ramsar
Society of Wetland Scientists

https://www.ivl.se

English and Swedish

https://jordbruksverket.se/ Swedish
https://www.lansstyrelsen.se Swedish
https://www.naturvardsverket.se Swedish
https://www.sgu.se Swedish
https://www.skogsstyrelsen.se/ Swedish
https://www.smed.se/ Swedish
https://www.smhi.se/ English and Swedish
https://www.skb.se/ Swedish
https://www.vattenmyndigheterna.se/ Swedish
https://www.gov.uk/government/organisations/depar English
tment-for-environment-food-rural-affairs
https://www.sepa.org.uk English
https//www.ceh.ac.uk/ English
https://www.gov.uk/government/organisations/envir English
onment-agency
https://www.aswm.org/ English
https.//www.canada.ca/en/environment-climate-chang English
ehtml
https.//www.epa.gov/ English
https://www.usgs.gov/ English
https://www.gwennetwork.se/ English
https://ramsar.org/ English
https.//www.sws.org/ English
https://www.wetlands.org/ English

Wetlands International

for a subset of the articles (n>300), iteratively until
sufficient agreement (c. 80%) is met and to ensure
that the criteria are being consistently applied. Arti-
cles in category (3) will then be separately screened by
another author, in order to minimize the risk of erro-
neously excluding any articles. Due to the expected

large volume of abstracts, articles excluded at the title
and abstract stage will not be coded with a reason for
exclusion.

In the second stage, all articles that have passed from
the first stage will be screened in full text indepen-
dently by two authors, and any disagreements will be
reconciled through discussion with all authors.
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Authors of the review will not be allowed to assess the
inclusion or exclusion of their own studies at the screen-
ing stage. A list of articles excluded at full text, together
with reasons for exclusion, will be provided.

Eligible populations

The study focuses on groundwater and ground conditions
relevant for Sweden. The area of study must therefore be
in Koppen-Geiger climate classification zones BSk, C, or
D (cold semi-arid climates, temperate climates, or con-
tinental climates; Fig. 1). Studies must also have been
performed in areas that have been subject to glaciation
during the Quaternary geological period (last 2.5 mil-
lion years). Studies in areas subject to the most recent
glaciation, i.e., the last glacial maximum, are considered
the most relevant and of the highest priority. Glaciated
areas exhibit fundamentally different hydrogeological
conditions than non-glaciated areas due to the geologi-
cal formations formed during glaciations [27]. Thus, the
motivation for these criteria is that wetland vegetation
types, water balance conditions including evapotran-
spiration, and groundwater movement and storage are
strongly influenced by the geological and climatic setting.
Therefore, studies performed outside of the geographi-
cal scope of this review are expected to have less exter-
nal validity for conditions in Sweden and other areas that
have been subject to recent glaciation. We will determine
eligibility according to the glaciation history on a case by
case basis, aided by maps of Quaternary glaciation extent
that are available also in digital format [28]. In cases of
doubt, we will evaluate the site description in the study to
determine eligibility.
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Eligible interventions

Since the effects of restoration and construction are quite
different from the effects of drainage, we have separated
the definitions of eligible interventions for the two types
of interventions. The motivation for including not only
restored and constructed, but also drained wetlands, is
threefold. First, knowledge of the original drainage effect
is of relevance for evaluating how far restoration could
possibly go in reinforcing groundwater storage towards
undrained wetland conditions. Second, although restora-
tion and construction are the key effects of interest, sev-
eral stakeholders also have interest in drainage effects in
relation to permit applications for a limited number of
new drainage projects or maintenance of present drain-
age. Third, in cases where it is not possible or desir-
able to fully restore drained soils to wetlands, limiting or
controlling the magnitude of drainage may be a poten-
tial option to still achieve some benefits of reinforced
groundwater storage.

Restoration or construction of wetlands Included: Res-
toration or construction actions that aim to partially or
fully restore or create wetland conditions, for example:
ditch blocking, check dams, dam restoration, damming,
restored shoreline wetlands (wetlands created as result
of lake level change or restoration), vegetation removal,
remeandering of streams, riparian overflow zones, ditch
overflow zones, farm ponds, nutrient retention ponds,
wetland creation on soil that was not a wetland prior to
the intervention.

Not included: Water reservoirs that are not wetlands
(e.g., deep reservoirs for hydropower or irrigation), sub-
surface flow treatment wetlands, constructed treatment

Fig. 1 Map of climate zones included in the review. Studies carried out within the green shaded region will be eligible, as long as the soils have
been subject to recent glaciation. The shaded region corresponds to Koppen-Geiger climate zones BSk, C and D, based on data from [29]
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wetlands that are not connected to the surrounding soils/
groundwater, artificial raising of the water table with spe-
cific amounts as a control variable (unless independent
groundwater outcomes are reported for other parts of the
wetland, or in adjacent soils).

Drainage of wetlands Included: Drainage actions that
aim to partially or fully drain wetland areas, for example
ditching, ditch maintenance or re-excavation to original
depth, ditch deepening, dam removal, other water table
lowering measures.

Not included: Drained soils that are not or have not
been wetlands, subsurface drainage, drainage through
pipes or pumping, drainage of constructed wetlands
that are not connected to the surrounding soils/ground-
water, artificial lowering of the water table with spe-
cific amounts as a control variable (unless independent
groundwater outcomes are reported for other parts of the
wetland, or in adjacent soils).

General We will exclude the following wetland types:
Coastal wetlands strongly influenced by tides, salt water
or brackish waters.

We will use a classification scheme that we have ini-
tially developed to categorize interventions of relevance
in a Swedish context. This classification scheme will be
adapted during screening to form a useful scheme for
interventions relevant in Sweden.

Eligible comparators

The study must include a control. The control area
should ideally be the same area before the intervention
(Before-After studies). However, studies that use a simi-
lar area not subject to the intervention as control (Con-
trol-Impact studies) are also accepted. Such studies must
be designed so that the effect of the intervention can be
evaluated.

Eligible outcomes

Measures that allow direct assessment of groundwa-
ter level, storage or amount. The outcome should be
reported within the wetland, or in its near vicinity, both
for the intervention site or time and a corresponding
control site or period (or both).

Groundwater measurements outside the wetland (apart
from control sites) are of particular interest and will be
recorded, but such measurements are not required for
inclusion. Hydraulic head, pump tests, or other measure-
ments that can be directly interpreted as groundwater
levels or amount are also accepted. Surface water level
measurements of different kinds (in situ and aerial/satel-
lite), such as the depth of water in the wetland, are not
included.
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Eligible study types and publication languages
All types of controlled and observational studies are
included. We will however exclude the following study
types: Laboratory studies, greenhouse studies, and model
studies that do not report empirical validation data ful-
filling our eligibility criteria.

We will include publications written in English, Danish,
French, German, Norwegian, Polish, and Swedish.

Study validity assessment

We will not appraise external validity, as this is likely
dependent on the context of interest to the reader. For
example, studies of peat wetlands may be highly relevant
to certain readers, whereas others will only be interested
in results of relevance in sandy soils. However, the crite-
ria for study inclusion are formulated to ensure external
validity for Swedish conditions.

The basis for assessing internal validity will center on
the criteria in Table 3. The criteria are intended to aid
assessment of risk of bias, mainly in terms of selection
bias and performance bias. The purpose of the critical
assessment is to reduce the risk that the conclusions of
the review are misleading.

Authors of the review will not be allowed to perform
critical appraisal of their own work. All critical appraisal
decisions will be reviewed by another author to ensure
consistency, and any disagreements will be discussed
with the entire review team. Studies that are judged to
be of very low validity for answering the question may be
excluded from the review. Provided a sufficient number
of studies, analysis of results will be performed with and
without studies with high susceptibility to bias. All stud-
ies that are excluded after critical appraisal will be listed
in the review, together with a reason for exclusion.

Data coding and extraction strategy

We will extract data on study design, wetland type and
geographical context, intervention, and study results.
Outcome data will include sample size, mean, and vari-
ability (standard deviation, standard error, or confidence
intervals). Data will be extracted to a spreadsheet with
predetermined coding where applicable. If there are sev-
eral independent investigations in the same article, these
will be treated as separate studies in the database table.

A draft version of the data extraction questionnaire is
presented in Table 4. During the review process, the table
may be revised or modified to accommodate additional
information. Before commencement of full data extrac-
tion, the questionnaire will be tested on a subset (approx-
imately 10%) of studies by two reviewers independently.
Any uncertainty in data extraction will be discussed with
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Table 4 Draft version of metadata extraction questionnaire
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Study description
Study type (BACI/BA/CI)

Study scope (basin or basins, single wetland, multiple wetlands, wetland complex)

Number of replications
Time since intervention
Geographical setting
Geographical coordinates
Climate zone
Average annual temperature
Average annual precipitation
Climate conditions during control period (dry, wet, average, unclear)

Climate conditions during intervention period (dry, wet, average, unclear)

Surrounding landscape type (forest, agriculture, urban, mixed)
Elevation at wetland site

Topography (mountainous, flat terrain)

Wetland type (bog, fen, mixed mire, limnic shore wetland, other)
Wetland area

Underlying geology characteristics

Underlying soil permeability (high, medium, low, very low)

Groundwater inflows (yes, no, unknown) [e.g,, riparian areas with infiltration]

Disturbances to groundwater (yes, no, unknown) [e.g., various types of infrastructure]

Intervention
Type of intervention
Outcome

Outcome type (groundwater level, groundwater storage, groundwater source proportions)

Depth of groundwater measurements (upper storage, lower storage, both, not stated, not applicable)

Measurements outside wetland site (yes, no)

Number of measurements

Measurement distance from intervention
Results

Groundwater level, groundwater storage, groundwater source proportions for control

Groundwater level, groundwater storage, groundwater source proportions for intervention

Items that are listed with alternatives in parentheses will be coded. Other items will be entered as descriptive or numerical information

an additional reviewer, and remaining questions will be
resolved through discussion with the entire review team,
until agreement is reached.

If data are unavailable or incomplete, we will contact
authors to attempt to obtain the missing information. All
data extracted from the studies will be provided with the
review as a separate appendix.

Potential effect modifiers/reasons for heterogeneity

We expect that several factors may influence effects on
groundwater storage, and list the ones thought to be
most important here. For these variables, we will analyze
their influence on the results, if we find sufficient data in
the identified studies.

+ Permeability of soils

+ Type of intervention

+ Distance from intervention

+ Climate conditions

+ Type of wetland

« Measurements in wetland or in adjacent areas

We also expect that the criteria for critical appraisal
may be reason for variation in outcome, and will consider
them as potential effect modifiers. Additional effect mod-
ifiers or reasons for heterogeneity may be added during
the review process.

Data synthesis and presentation

We will conduct a narrative synthesis with tables, figures
and descriptive statistics that support interpretation of
results. In the summary results, we will show statistics
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for the main geographical characteristics of study sites,
for example wetland type and climate. A map of loca-
tions of the included studies will be provided. We also
aim to perform a quantitative meta-analysis of studies, if
sufficient data from studies with appropriate validity are
available. Studies with low validity may be excluded from
the analysis. Provided enough data, we will consider the
potential effect modifiers and critical appraisal criteria
as covariates in a meta-regression analysis. We will also
perform a sensitivity analysis where studies with different
risks of bias are included or excluded, to investigate any
effect study methodology may have on the reported out-
comes. The risk of publication bias will be investigated
through funnel plots. These investigations will support
interpretations of the review findings, and may inform
future decisions on research methods that are appropri-
ate for investigating the review question. Knowledge gaps
will be identified by visual inspection of heat maps cre-
ated by cross-tabulating different key descriptors. These
knowledge gaps, and any challenges with drawing on the
evidence base, will be discussed with respect to the pos-
sibility to answer the review question.

Supplementary information

Supplementary information accompanies this paper at https://doi.
0rg/10.1186/513750-020-00209-5.

Additional file 1. Our adherence to the ROSES standards for systematic
review protocols.

Additional file 2. Search strings adapted to Scopus and Google Scholar.

Additional file 3. List of benchmark studies used to test the comprehen-
siveness of the search.
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