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Abstract

The concept of ecosystem service (ES) was originally developed to illustrate the benefits that natural ecosystems generate for society and
to raise awareness for biodiversity and ecosystem conservation. In recent years, geographical information systems (GIS) have become a
powerful tool for mapping (ES) within a landscape, which visualizes spatial and temporal patterns and changes in ecosystems and their
services. Mapping (ES) is necessary for the progress of strategies that will guarantee their future supply and to support the policies in a
more effective way. The comprehensive literature review was conducted using international databases such as Elsevier, Springer, Wiley,
and Google Scholar. We used key terms including ‘'mapping’, 'maps’, ‘ES or ecosystem service, ‘ecosystem functions’, ‘landscape
functions’, ‘evaluation of ES’, and ‘assessment of services’. To identify mapping ecosystem services and their challenges and
opportunities. In total, 65 research papers were found first, of which 34 were selected for review. The most important challenges are
insufficient generation of ES in the context of managed systems, the need to estimate associations among indicators of (ES) incomplete
understanding of the nature of associations among services, and the lack of a general numerical outline to address these relations.
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The human being benefits from the ecosystems, such as

| INTRODUCTION food, clean air, fresh water, flood and illness control, and the

Ecosystem services (ES) are the assistances of ecosystem pollination of yields, as well as chances for spiritual, cultural and

function and structure (in mixture with other inputs) to human recreational skills. Human welfare and survival is completely

welfare. This indicates that mankind is powerfully based on based on these ecosystem services, and hence on the health of
well-functioning ecosystems and natural resources that are the  the ecosystems that offer them [3-5].

foundation for a continuous flow of ES from nature to humanity. The Millennium Ecosystem Assessment (MA) distributes

The concept of (ES) has evolved with a focus on both at the ES into four services: (1) provisioning services: goods resulting
degree of economic significance, where ES is the profitshumans ~ from ecosystems (e.g., freshwater, livestock, seafood); (2)
derive, indirectly or directly, from ecosystem purposes or the  supporting services: facilities that are essential for the
ecological basis as ES being the methods and conditions through manufacture of other ecosystem purposes (e.g. conservation of
which natural ecosystems and their classes sustain and achieve  habitat or biodiversity for species); (3) cultural services: non-
human life. Despite these variances, all definitions stress the ~ material services (e.g. recreation and tourism and aesthetic
association among human security and (natural) ecosystemsand  values), and (4) regulating services: benefits obtained from the
the services are the ‘bridge’ between the natural world and the ~ regulation of ecosystems (e.g. climate regulation, air quality,
social world, with only humans being practically divided from  water purification and natural hazard protection) [3].
that natural world [1, 2].
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Ecosystem services mapping is important to know how
ecosystems relate to human welfare and to support strategies and
policies which influence natural capitals. Maps can
professionally link complex spatial data and people commonly
desire to look at maps and to search their practical and content
applicability. Spatially explicit valuation is required to better
recognize and measure the demand and supply of ecosystem
services to help decision-making and communication, and to
fulfil importance on the governmental program to guarantee
future supply [6].

Consequently, ES maps are very valuable for raising
consciousness on the zones of ecosystem facilities and goods
demand and supply, environmental study about human-based on
operational nature and preparing material about interregional
ecosystem services and goods streams [7]. Moreover, maps are
required tools for landscape arrangement, environmental reserve
management and (spatial) land use optimization. Natural

TABLE I.

protection, environmental conservation and rebuilding to
achieve the necessities of the above-mentioned applications,
great quality, robust and reliable data and data on ES supply,
demand and stream are required at various temporal degrees and
spatial.

In this paper, we reviewed the published papers of mapping
ecosystem services challenges from international databases.
Most of the considered papers for this review paper were
presented in Table I. In particular, we aim to (1) what type of ES
were mainly mapped, (2) identify the types of sources of
information that were used to map ES, and the spatial and
temporal scales for ES mapped, and (3) classify the types of
methods used to model and map ES, (4) tools and types of
methodological to using PPGIS/PGIS for mapping ecosystem
services, and (5) identify mapping ecosystem services
challenges and solution by using GIS.

THE MOST COMMEN RESEARCH PAPERS OF MAPPING ECOSYSTEM SERVICES

No. Author(s)

Study Journal

1 Jax, etal. [8].

2 Burkhard and Maes [9].

3 Yeakley, etal. [7].

4 Haase, etal. [1].

5 Gomes, et al. [10].

6 da Silva, etal. [11].

7 Nemec and Raudsepp-Hearne [12].

8 Maes, et al. [13].

9 Bicking, et al. [14].

10 Scholte, et al. [15].

11 Maes, et al. [16].

Lessons learned when trying to make the ecosystem services concept
operational. Ecosystem services

Mapping ecosystem services.

Ecosystem services of streams and rivers. River science: research and
management for the 21st century.

The next generation of site-based long-term ecological monitoring: Linking
essential biodiversity variables and ecosystem integrity.

Future scenarios impact on land use change and habitat quality in Lithuania.

Participatory Geographic Information Systems (PGIS): Alternative
approaches to identify potential conflicts and positional accuracy in marine
and coastal ecosystem services.

The use of geographic information systems to map and assess ecosystem
services

Mapping ecosystem services for policy support and decision making in the
European Union

Mapping of nutrient regulating ecosystem service supply and demand on
different scales in Schleswig-Holstein, Germany.

Mapping recreation as an ecosystem service: Considering scale, interregional
differences and the influence of physical attributes.

Ecosystem services are inclusive and deliver multiple values. A comment on
the concept of nature's contributions to people.
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Elsevier- Ecosystem
services, 29, 415-427.

Advanced books, 1,
€12837.

Wiley-Blackwell,
Chichester, 335-352.

Science of the Total
Environment, 613,
1376-1384.

Environmental
Research, 197, 111101.

Marine Policy, 131,
104650.

Springer link.
Biodiversity and
conservation, 22(1), 1-
15.

Elsevier- Ecosystem
services, 1(1), 31-39.

One Ecosystem 3
(2018).

Landscape and Urban
Planning, 175, 149-160.

One Ecosystem 3
(2018).
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A comparative assessment of decision-support tools for ecosystem services

Cultural ecosystem values of the Kimberley coastline: An empirical analysis

From theoretical to actual ecosystem services: mapping beneficiaries and

Modeling benefits from nature: using ecosystem services to inform coastal

Conservation science. balancing the needs of people and nature.

A blueprint for mapping and modelling ecosystem services

Ocean & coastal
management, 162, 71-
84.

JSTOR. Ecology and
Society, 19(2).
Science direct.
Ecosystem services, 5,
27-39.

International Journal of
Biodiversity Science,
Ecosystem Services &
Management
Greenwood Village,
Colorado. Roberts and
Company. c2011.

Science direct

Mapping and Assessment of Ecosystems and their Services: Indicators for

Modeling multiple ecosystem services, biodiversity conservation, commodity

12 Kabryn, etal. [17]. with implications for coastal and marine policy.
13 Bagstad, etal. [18]. spatial flows in ecosystem service assessments

14  Bagstad, etal. [19] quantification and valuation

15 Guerry, etal. [20] and marine spatial planning

16 Kareiva and Marvier [21]

17 Crossman, et al. [6]

18 Grét-Regamey, et al. [22] 2020

19 Hein, et al. [23]

20 Costanza etal. [4] Changes in the global value of ecosystem services
21 Nelson [24] production, and tradeoffs at landscape scales

ecosystem assessments under Action 5 of the EU Biodiversity Strategy to

Spatial scales, stakeholders and the valuation of ecosystem services

University of Twente

Elsevier. Ecological
economics, 57(2), 209-
228.

Elsevier. Global
environmental

change, 26, 152-158.
ESA. Frontiers in
Ecology and the
Environment, 7(1), 4-
11.

Il. MAPPING ECOSYSTEM SERVICES
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Fig. 1. Decision tree on ecosystem services mapping (Medcalf et al., 2012).

A. Why is Mapping Ecosystem Services Important

Mapping ES permits a user to visualize information,
assisting to find spatial patterns, gaps, and intersections that are
then problematic to conceptualize. In addition, it:
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1) Allow operators to discover changes with time, build
scenarios and observe potential future influences of control,
which are particularly significant when working across zones.

2) Allow operators to do explore and spatial analysis of the
relations among different landscape/seascape characters and
their drivers of change.

3) Provides a background to help support decision-making
and dialogue [25].

4) Permits users to compare datasets, recognize synergies,
information gaps or struggles, highlighting what and where
information must be collected.

B. Mapping Outlines for Ecosystem Services

The UK government Joint Nature Conservation Committee
has established a valuable methodological spatial framework
that performance as a thorough decision tree on mapping ES

(Fig. 1).

Overall, most frameworks for mapping ES trust upon a
stacked method in a GIS system, as outlined below (Fig. 2). The
combination among layers is frequently not easy as the data
comes in various resolutions and units and some standardization
is generally necessary for all the information to be stacked in the
way explained. The stacked mapping method also outlines
increasing complexity, from simple data presentation to the
natural resources, through a valuation of production of the flows,
service, beneficiaries, welfares and expenditures. For full
mapping research, based on the exact mapping purpose, all these
components should be involved, but in most research, only the
first few components are mapped.
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Fig. 2. framework used to map ecosystem services using a series of overlaid
GIS layers [26].

C. Practical Choices to be Made Before Mapping

a)

b)

c)

d)

D.

Purpose: The most essential consideration of any ES
mapping implementation is ‘The reason is this being
done?” and ‘for who is this being done?’ and very
frequently ‘what do we need to see change as a result of
doing this?” [6]. Identify the goals is critical and must be
determined before taken of the points below.

Spatial Scale: The geographical level (area) of the ES
mapping application can differ from a small location at the
local scale, to state, regional, continental and even
universal extents. The supply, consumption and reserve
management of ES work at local scales, whereas values,
benefits, and demand drive across all scales [27].

Resolution of analytical units: The main aiming of GIS
analysis is to map ES, grid cells of various sizes are
frequently applied to support the information processing.
Raster grid cells can be applied for decision-making if
they are of a suitable resolution to be used on the earth.
Though, if the grids are much bigger than the ruler of
making the decision then they will be of slight practical
usage. On the other hand, real-world limitations such as
property limits, which derive in the form of polygons, can
analyze ES hard to run and it can scale decision be
difficult to compare ES values among properties of
various sizes. Furthermore, the utility of the method for
finer -making will reduces once ES values are generalized
within polygons [28].

Temporal Scale: The opportunity of temporal degree will
have based on the intended outcome of the map and of the
causal process of conversion in the ES of attention [29].
Daily, monthly, quarterly, annual and decadal levels can
be measured; the most valuable scale for one service will
not be similar for the next. Temporal matters also include
the time passing among ES generation and the final
practice by the recipient.

Input data
Input data are mostly divided into four different classes for

ES mapping studies: biophysical, national statistics and social
information collecting in the field, remote sensing and outputs
of statistical simulation modelling [6, 30, 31].
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a)

b)

National / Regional statistics: Essential input data for
many types of ES mapping workouts span the fields of
ecological (e.g. forest type), social (human population
density), biophysical (topography) economic benefit
(natural timber) and Most of this information are collected
regularly by different state and universal processes and are
frequently found in national numerical offices [28].

Field assessments: Data collecting in the field can be
carried out by trained scientists, community observing
schemes and focus group debates, questionnaires-surveys
for populations and hand-held electronic instruments are
also beneficial means for information gathering in the
ground [32]. Field information can be fed straight into ES
maps or applied as a technique to legalize and
parameterize models resulting from remotely sensed
information products. There are several challenges with
gathering main data; particularly because it is time-
consuming, costly and requires technical skill.

¢) Remote sensing: involves data gathering ‘at a distance’
from aircrafts, or computerized sensors on the earth, in
water, or from space. Remote sensing can be applied to
predicate both ocean and terrestrial initial production
which means that production of yields, wood, feed, and
biofuel, and regulation of climate through variations in
carbon stock can be calculated.

E. Ecosystem Services Mapping Methods

a)

b)

Proxies and indicators: Generally, this method has been
applied for mapping natural resources and ES [12]. The
indicator and proxy method is most generally applying for
regulating, cultural and supporting services [13]. For
instance, agricultural terrestrial is frequently used as a
proxy for food manufacture.

Modelling:The open-source modelling outline named
Artificial Intelligence for ES (ARIES) includes artificial
intelligence (Al), mechanism reasoning and pattern
recognition in mixture with an ES spatial information and
library [18]. ARIES have in its functionalities
probabilistic models for water supply, carbon confiscation
and sight shed analysis [19]. INVEST is an instance of a
complex model-based GIS device that utilizes ecological
production functions to map ES across the landscape and
can convert these according to various scenarios. Gomes,
et al. [10] used this modelling method to ES map in marine
and coastal environments. For the cultural service
'recreation’ they applied to fish and whale abundance and
beach situations as supply indicators, the number of
sightings, catch rates and visitation rates as service
indicators and net revenue as a beneficial indicator. The
associations among the service and supply are modelled
and mapped across the zone [20]. Reasons for the
implementation of modelling methods in Ecosystem
Services. The service is being measured using different of
statistical data bases as inputs e.g. extreme event
regulation utilize inputs such as temperature, slope and
soil organic component. Limited ground information is
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being extrapolated to the regional ruler, e.g. charcoal
production in Tanzania. Theoretical scenarios and
influences are being explored e.g. the effects of different
land management policies. The service cannot be directly
calculated e.g. climate regulation.

c) Participatory GIS (PGIS): GIS can be applied to visualize
how ecosystem services are scattered across a landscape,
to compare the scatterings of many ecosystem services
with drivers of change and other social-ecological
limitations, and to model how changes in land protection
or land usage, land management, ecosystem and climatic
situations, and human populations impact ecosystem
service provision and use of services and the value [21,
33]. The PPGIS/PGIS is very important because is
supported by the theory of crowd wisdom wherein
combined intelligence can be harnessed to find superior
solutions to challenging community problems [34].
Identify ecosystem services may also be harnessed by
crowd wisdom. The ecosystem services mapping
implement PPGIS/PGIS is intended to offer a more
inclusive valuation of ecosystem services where trade-offs
can be observed, causal to current efforts to develop
mapping ecosystem service [6, 35]. Though, to date, there
has been no methodical review to estimate PPGIS/PGIS
approaches to determine their comparative limitations and
strengths in evaluating and analyzing ecosystem services.
The technology applied to ecosystem services mapping
has included two main types: (2) digital mapping on a
laptop, particularly using internet map services such as
those provided by Googles and (1) hardcopy
topographical-cartographical maps or aerial image maps
joint with a marking system such as pen, pencil, beads,
stickers, cubes, or discs.

F. Mapping at Different Scales

Estimating of maps of ecosystem services vary significantly
at various resolutions and the various methods of mapping
makes comparability of ES analyses hard [22]. At regional and
universal scales, data repeatedly involve remotely sensed or
combined country-level data. This information is frequently at
coarse-resolutions which limits the applicability of model
effects on the earth, though, at this ruler dataset are often more
comparable. Models Appling national-level data e.g. national
data and databases and expert proof workshops are often more
relevant for application on the earth, such data can also be
improved by global datasets [14].

At the regional scale, models are mostly depending on data
gathered from examination, experts and various user groups, this
fine resolution information is the most practical and valuable to
act on the ground but it is hard to generalize the outcomes of
these models to global and local scales. Deciding the suitable
scale of ES mapping needs an understanding of how the maps
will be applied, the interest of decision makers in the production,
how the variables under consideration impact ES interactions
and so on [15, 22, 30, 31].
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G. Mapping Values

The value of ES will be obtained by the participants who
profit, indirectly or directly, from the ecosystem services [23,
28]. The general value of ecosystems is naturally divided into
non-use and use values that are, in turn, disaggregated into
various value elements. The Total Economic Valuation (TEV)
outline is a well-known typology for categorizing these different
elements [28, 35].

There are different methods to measure the value of an ES,
the suitability of which is based on the value kind in query, data
existing and capacity to undertake the analysis. These can be
approximately classified as market-based, revealed preference
and stated preference approaches. Under these methods values
are normally estimated on the combined value of all relevant
services provided by various ecosystems on a per-area basis
apply the TEV or similar frameworks.

The first attempt of Costanza, et al. [4] was the value transfer
method to estimate and map the value of ES in economic terms
at a universal scale, which was updated in 2014 others have
applied for the value transfer in order to measure and map the
economic value of ES at local or global scales [16].

H. Mapping Tools

The ES mapping tools were divided into several groups based
on the usability (Table 11):

1) Independently applicable, place-specific, landscape-
scale modelling instrument: Envision, EPM, in forest.

2) Independently appropriate, generalizable, landscape-
scale modeling instrument: ARIES, Costing Nature, EcoServ,
INVEST, Water World, Wildlife Trade Mapper, Universal
Forest Water Climate tool, MIMES, LUCI, SolVES.

3) Regional-scale modelling tools: LUCI, EcoMetrix

4) Proprietary, generalizable, landscape-scale modelling
tools: ESValue, EcoAIM

5) Economic valuation tools: Benefit Transfer and use
Valuing Model toolkit, Ecosystem Estimation Toolkit, NAIS
The Integrated Valuation of Ecosystem Services and Tradeoffs
tool (INVEST) advanced by the Natural Resources Project has
already been explained in published studies [24, 36]. So far, this
tool, which purposes at associating models of ecological
production functions with economic valuation approaches,
includes a limited quantity of ES as well as terrestrial
biodiversity.
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TABLE II.

DIFFERENT ECOSYSTEM SERVICE MAPPING AND DECISION SUPPORT TOOLS AND THEIR USABILITY (ADAPTED AND UPDATED FROM [19]).

Tool

Description

Usability issues

Ecosystem Services (ES) Mapping Tools

Integrated Valuation of Ecosystem
Services and Tradeoffs (INVEST)

Modelling and mapping of ES and their value www.naturalcapitalproject.org/
invest/

No

Artificial Intelligence for Ecosystem
Services (ARIES)

Mapping of benefits, beneficiaries, flows and uncertainties
aries.integratedmodelling. org/?page_id=632

Requires specialist
knowledge

LUCI (formerly Polyscape)

Mapping of ES tradeoffs www.lucitools.org/

No

Multiscale Integrated Models of
Ecosystem Services (MIMES)

Modelling and mapping of ES www.afordablefutures.com/ orientation-to-what-
we-do/ services/mimes

SIMILE modelling
software required

EcoServ-GIS

Mapping of ES service potential, demand and delivery and tradeoffs
www.catchmentbasedapproach. org/deliver/use-data/ecoserv

ArcGIS required

Co$ting Nature

Mapping of ES under scenarios and conservation priorities
www.policysupport.org/ costingnature

No

Social Values for Ecosystem Services

Mapping of societal values of ES solves.cr.usgs.gov/

ArcGIS required

(SolVES)
Envision Mapping of ES under scenarios envision.bioe.orst.edu/ No
Ecosystem Portfolio Model (EPM) Mapping of ES under scenarios geography.wr.usgs.gov/science/ sFloridaPM.html No

(Ecological Asset Inventory and
Management) EcCoAIM

Mapping of ES tradeoff

No information available

ESValue

Mapping of ES production functions

No information available

Natural Assets Information System
(NAIS)

Mapping of ES values

No information available

Ecosystem Valuation Toolkit Mapping of ES values esvaluation.org/ No

WaterWorld Mapplng_of water-related ES under scenarios and conservation priorities No
www.policysupport.org/ waterworld

Global Forest Watch Climate too Mapping of forest carbon ES values climate.globalforestwatch.org/ No

Wildlife Trade Tracker (TRAFFIC/
WWF)

Mapping of wildlife-trade ES flows wildlifetradetracker.org/

No information available

Decision Support Tools around ES Mapping

SERVES

Simple and Effective Resource for Valuing ES esvaluation.org/about-serves/

Need to contact Earth
Economics to use it

MESH

Mapping Ecosystem Services to Human well-being
www.naturalcapitalproject.org/ MESH.html

Requires INVEST
knowledge

Maptionnaire

Participatory mapping portal maptionnaire.com

Not freely available

Available for Android

MapNat Phone app Maps ES flows www.es-partnership.org/ esp/83787/9/0/50
phones only
MESP database Marine Ecosystem Services Partnership marineecosystemservices.org/ explore Library c;{ui?e\s/aluation
BON in a BOX ;’echnology tran§fer for biodiversity observation systems geobon.org/bon-in-a- Under development
ox/whatis-bon-in-a-box/
TESSA toolkit Toolkit of ES site-based assessments tessa.tools/ No
National Ecosystem Approach Toolkit
(NEAT) ES support for decision-making neat.ecosystemsknowledge.net/ No
ValuES Methods for integrating ES into policy, planning, and practice aboutvalues.net/ No
ESP Visualisation Tool (ESP-VT) No

A data visualisation tool (Drakou et al., 2015) esp-mapping.net/Home/

I11. CHALLENGES RELATED ECOSYSTEM SERVICES MAPPING

A. The Main Challenge with Mapping Ecosystem Services

Ecosystem services mapping is difficult and, as a new and
developing science, there are variations in methods and
typologies making projects challenging to compare and
validate [17]. Studies vary in the different features of ES that
are mapped (e.g. flow, supply, beneficiaries, demand, future
situations, value) and the methods and information used
(remote sensing in ArcGIS, to complex biophysical statistical
models, to structured interviews). Differences in temporal and
spatial scales and resolution as well as expectations behind
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data use, accuracy and accessibility make comparative studies
hard and often inaccurate.

Maes, et al. [16] make the following recommendations for
ecosystem services mapping:

1) Apply common indicator
transferability and contrast.

2) Include all stakeholders at the very commencement of
the developments.

3) Maps should match administrative boundaries for
relevance but for geo-biophysical accuracy should be
analysed at the river basin/watershed level.

bundles to permit
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4) Very varied ecosystem service landscapes (providers
vs. beneficiaries) need more research.

5) It may not be essential to gather new data - utilize what
is available.

6) Recognizing ecosystem services demand and supply
hotspots (temporally and spatially) provides additional data.

7) Scenarios deliver useful context for future decision-
making and policy setting

Besides, The main challenge in ecosystem management is
the consideration of how multiple ES relate across various
spatial scales and to provide management solutions that can
manage ES synergies and trade-offs [35].

The synergies and trade-offs of ES are important to
identify because they strengthen landscape flexibility [37]
decrease prices to society and enhance societal welfare [38].
GIS are a vital tool for ES analysis, because they permit to
map of the ecological and human system limitations [39].

ES valuations are challenged by multiple sources of
uncertainty, (e.g. data scarcity, functional knowledge gaps,
demand variability, community trade-offs, normative and
value-laden arguments [40]. This invokes direct dangers for
decision making which is depend on ES-valuation [41].

The problem in ES research is the development of
indicators for assessing and mapping ES, especially in
geographic areas where data on biophysical, socio-cultural
and economic activities are scarce [40]. A widely used method
to overcome data scarcity is the use of expert knowledge[4,
42, 43].

An associated problem is the resolution of the maps. Two
things are problematic. The first is the more common query as
to what quantity of detail is suitable for which decision-
making level. Synergies among ecosystem services perceived
at a watershed ruler may not reflect specific trade-offs
observed at the native scale. Second, detailed maps are
required for decision making particularly at the native and
regional levels. Though, detailed data are frequently not
presented, while processing and gathering them is costly. In
addition to the general absence of data, one contributor raised
the point that some ecosystem services are not spatial in nature
and are therefore hard to map.

B. Mapping to Decision-Making

Guerry, et al. [20] provided instances of the application of
biodiversity and ecosystem service (BES) research into policy
making and preparation processes at different locations across
the world. They recommended various levels of effectiveness
and explain the factors that allow higher levels of impact.
They also highlighted how unsuccessful the transfer of BES
data into decision-making has been, citing that the greatest
impact is via those included in debates and participative
procedures, and not directly into the policy itself, given a long
timescales frequently linked with policy change. Willemen, et
al. [28] also noted the challenge of multiple and different
methods to evaluate and map ES leading to limited
mainstreaming of ES data into policy-making for
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guaranteeing that BES mapping is involved in decision-
making:

1) Keep it easy for now —they require simple instruments
with good records is more essential than compound models.

2) Include BES information as part of an iterative
science-policy process — stressing the significance of
contribution to build involvement and confidence.

3) Authorize local specialists to use information and
tools as this facilitates improved buy in and uptake.

4) It is not always about the currency — value does not
essentially have to be economic.

5) Relate ecosystem services and biodiversity change to
human welfare.

6) Link the uncertainty in models.

C. Political Challenges Posed by Mapping of Ecosystem
Service

The increase in the use of ES terminology and the idea of
determining nature with regards to the value it brings to people
is frequently greeted [21] as it provides quantitative
confirmation for the conserve or sustainable use of the
environment. The skill to describe the value of nature with
numbers, often commercial value, is attractive to policy
makers as it is a physical calculate that can be applied for
contrast with other forms of land or sea uses, such as profits
from land protection to farming and houses.

Nevertheless, ES obtains criticism as it is realized by many
as different from the traditional existence value rationale for
environmental protection [28, 44]. Fee schemes and monetary
markets have also been criticized as part of a general capitalist
growth into the natural sphere, creating markets out of nature
and potentially exploiting poor societies who are not able to
arrive at that market.

Therefore, the effort to map ES can be observed either
positively by some collections of stakeholders and negatively
by other groups. This must be kept in mind when any ES
mapping is to be measured as the outcomes have several
potential uses and some of these might be diverse to the
estimation of those developing the maps.

D. Challenges

a) Understanding anthropogenic ally modified systems
(Challenge 1):For environmentalists working in such
anthropogenic ally modified systems (e.g., agricultural
landscapes, urban areas or forest production) challenges
stand up in (i) the determination of human influence on
service-providing units and related ecosystem services
and (ii) considering the impact of landscapes nearby
land units that provide ecosystem services. Urban
preparation that considers the fixing of green
infrastructure in towns such as road trees and gardens
may benefit biodiversity and many ecosystem services
(e.g.,air filtration, water regulation, and noise decrease
[45, 46]. Ecologists can directly donate to ecosystem
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service studies and help policy decisions, not only by
estimating human impact, but also by suggesting
anthropogenic interventions to benefit ecosystem
services and service-providing units. The development
of places under human land use from a landscape
perspective (e.g., agricultural fields, urban areas and
pastures) at the price of losing (semi-)natural land) may
lead to landscape fragmentation and simplification [34].
In farming landscapes, for example, arable fields deliver
the final service of crop production, but constitute
ephemeral and disturbed environments, while many
species related with middle services (e.g., pollinators or
biocontrol agents) based on less disturbed habitats in the
around landscape (e.g., hedges or uncultivated field
borders [47].

Evaluating ecosystem services (Challenge 2):
Ecosystem services assessing tools, including mapping,
quantification and modeling, are a problem of
discussion in ecosystem service study [41, 48]. From the
viewpoint of an ecologist challenges in evaluating
ecosystem services arise from the necessity (i) to
measure relationships among services and the kind of
measures typically gathered in ecological studies (e.g.,
species richness) and (ii) to an explanation for the
features of ecological processes (e.g., feedbacks,
dynamics, and uncertainties) in numerical models
focusing on service provision. The valuation of
biological control may consequently be developed if a
small set of designated methods is included that covers
features of service and disservice-providing units (e.g.,
pest consumption rates), ecosystem management (e.g.,
insecticide applications) and landscape maodification
(e.g., the quantity of semi-natural habitats in the nearby
landscape). Consideration of abiotic variables such as
climate [49] or mud characteristics [50] will add to the
descriptive influence of this set of measures. The
quantification of uncertainty in estimate modeling needs
critical assessment [51] and ecologists requirement to
account for uncertainty particularly if (i) multiple
capital donate to uncertainty (e.g., model and parameter
uncertainty [52], (ii) uncertainties effect from mixtures
of various sources (e.g., numerical associations and
skilled knowledge [53] and (iii) new data requires an
update of the models (e.g., in Bayesian frameworks
[54]. Ecosystem services mapping is tense with
multiple uncertainties stemming from uncertainty in the
ability to capture related procedures as well as scaling
and translating mapped data [41]. The assessment of
uncertainty, the integration of information about
evolutionary aspects and human influences into the
development of process-based models and their
coupling with socioeconomic models are significant
fields of future study to which environmentalists need
to participate [23].
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d)

Analyzing relationships between ecosystem services
(Challenge 3): Improving the understanding of the
associations among ecosystem services poses two main
challenges to environmental study: (i) drawing
assumptions about associations among ecosystem
services by understanding if associations are indirect
through shared ecological drivers or direct because one
ecosystem services causally impact another and (ii)
solving problems of visualization and numerical testing
when analyzing associations among multiple (more than
two) ecosystem services[47]. To research associations
between two or three ecosystem services methods such
as relationship analysis [35] or linear varied effect
models [4] can be applied. Efficiency frontier analyses
[24] or landscape optimization methods [55] are then
often applied to find solutions for the simultaneous
provision of services. It may be essential to consider
multiple services in the same analytical outline, as it is
likely that most services observed in a study are linked
to each other. For associating multiple services to
drivers in a single analytical framework, the often use
of principal element analysis is notable [35]. The
application of this technique should therefore be limit to
datasets in which associations among multiple services
are approximately linear [2]. Between the alternative
approaches to visualize trade-offs among multiple
services in one analytical framework, principal manages
analysis holds potential as it permits for the analysis of
non-linear relationships [56]. Incomplete least squares
regression is another promising method to analyze
associations between middle ecosystem services depend
on empirical information [57].

Considering appropriate spatial and temporal scales
(Challenge 4): A better understanding of the temporal
and spatial scales at which the provision of ecosystem
services is influenced by environmental change or
anthropogenic interventions is required to satisfy the
rising public and political request for sustainable land
use [36, 58]. It is the main challenge for
environmentalists to scale up from new plots to scales
that are suitable for the management of most ecosystem
services [59]. These plot-degree studies can frequently
not account for the heterogeneity of compound
landscapes and hence may not offer adequate empirical
information about provision ecosystem service from
major land-use kinds in a landscape. Studies linking
biodiversity to ecosystem services often focus on
ecological procedures and middle ecosystem services at
small spatial scales [59]. It is necessary to understand
the time-based dynamics of service provision for the
progress of conservation policies and sustainable
management. For instance, the quality of provision of
an ecosystem service may not only be based on its
average provision over time, but also on its difference
over time [60]. So It is important to assess the steadiness
of ecosystem service provision in easy ecosystems,
where losses of ecosystem resilience to disturbances can
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be predictable to be strongest [61]. In addition, lag-
effects of management decisions may make ecosystem
service losses only apparent a long time after the
anthropogenic involvement [3]. Such lag-effects may be
additionally emphasized by climate change, where the
harm of biodiversity may decrease the flexibility of
critical functions. long-term were needed to evaluations
of provision ecosystem service to better know how
inter-annual differences in ecological conditions, such
as climate change, impact the magnitude and stability of
service provision. Though, the timespan of
environmental research is frequently constrained to a
few years’ duet generally short funding periods. Such
short research periods will fail to provide reliable
evaluations of altered behavior of service providing
units in reply to climate change [62]. The rare long-term
studies, such as the Cedar Creek research in the US [45]
or the Biodiversity Examining in Germany [63], deliver
important insights into biodiversity and ecosystem
operative over longer temporal scales.

IV. CONCLUSIONS

Ecosystem services are the welfares of ecosystems to
human well-being and the idea effectively bridges the divide
between social and ecological systems and human get the
benefits directly or indirectly from ecosystems and support
human economy and well-being. The mapping of ecosystem
services highlights the spatial associations among landscape
features such as land use/cover, and their contribution to
human welfare. The MES Appling public participatory GIS
(PGIS) is a relatively new ground that provide a supplemental
method to expert-driven ES mapping and modelling and refers
to spatially explicit approaches and technologies for capturing
and using spatial data in participatory planning procedures. ES
maps are significant tools for decision-makers and
institutions, allowing them to spatially recognize which areas
should be preserved due to their high supply of ES. Valuation
of ES through benefit transfer used economic value to a land-
cover map based on previous studies from sites having similar
land cover types. GIS can be applied to visualize how ES is
distributed across a landscape, to associate the distributions of
multiple ES with drivers of change.

Though, challenges can increase when implementing such
ES mapping effort to notify decision-making. ES mapping is
challenging for number of causes. A key challenge in
ecosystem management is the understanding of how multiple
ES networks across different spatial scales and to provide
management solutions that can manage ES trade-offs and
synergies. Environmentalists must to adapt their viewpoint
and approaches to a larger collective context for the
enhancement of ES research. Particular emphasis requests to
be directed toward help decision-makers with important data
about service-providing units and mechanisms causal the
provision of services at suitable temporal and spatial scales.
To conclude, ES research is challenging for ecologists, but
developing a multifaceted understanding of how the
environment supports human welfare is crucial for the
sustainable use of the ground’s capital. ES research provides
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ecologists the single chance to act as developers for the
understanding of how to conserve and sustain benefits gained
from nature.
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