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1. INTRODUCTION

The REECOL project is a significant initiative focused
undergoing transition. Thi s coll aborative ef fort i ncl
encompassing reseaeghindssttrytsongkehotddlers such as coal
of the ©project is to-msingmigf ieccaonitolgyi ciamprroevheabp d st ati on
comprehensive understanding of ecosystasnd d é@ger aedcaotnioom ,c i
of various rehabilitation strategiestertrhenegaddy exft talddge

I ntegr al to the REECOL project are the activities cent
degraded |l ands. These processes are essential for asses
activities and prroevwciodvienrgy aa nbda sreelhianbei Ifiagdrat i on ef forts. Ef
critical as they enable the identification of specific
to address varied degrees of. sDhils amadt ecmlsysteéenms degr ¢
functionality but also supports thm nibrnggader goal of sus

One of the key outputs of the project is Deliverable

mapping of degraded | and". This document-mfocogearenast he
i nto account t hefddogrnede deengd andaattuiroen and evaluating soil

moi sture | evels, chemical <contamination, and organic m
can significantly constrainvieakgeBatlonkehfodegraddt pi
bi ol ogical, and geochemical i ndicator s, Deliverabl e 3.
monitoring ecosystem rehabilitation. The indighktstaai o
solutions for |l and reclamation and ecosystem rehabilit
transition. This cohesive approach underscores the inte
a sustainarhla&r dad urmpdoted by coal mi ni ng.

2. THE IMPACT OF COAL MINING ON ECOSYSTEMS

Coal mi ni ng, a cuiltoib@adl enempgynemutppdfy chai ns, primarily
based on the geology of the coal-pidtepmisritng.unUrederr grucmun dn
mining, is implemented for accessinghteabuséame,|l otated

techniques to create and maintain tunnels and shafts t

particularly adapted to environments where surface min
Conversepiyt mpenng, also referred to as surface mining,
surface. This method involves the mechanized removal of
for extractioocegdumakihigng@qadpaent t-o0c arlaen agrev itrhen nhearrtgeel
inherent to the process.

Coal mi ni ng, encompassi ng -pbiott hmeutnhdoedrsg,r osuingln iafnidc acnpgdry i |
though its effects can vary based on the technique use
producti on, t hey i ntrroondnecng ad rcdhragd emfgeeny hat need care
environmental effects of coal mining can broadly be cl
| andscape (aHitge)y ations
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— Hydrological Changes

— Air Quality Changes
— Environmental Issues —
g — Soil Condition Changes
o
[
<= -
2'c — Mining Waste Management
S = -
£8
(e &)
O — Land Subsidence
é
L
— Landscape Alterations — 1 Land Use Changes
| |Changes in biodiversity of species
and ecosystems
Fi @&Environment al effects of coal mining fran
Building on the previous discussion of envir ominte nmiadi rcch
met hods, it becomes =evident t hat the i mpact on ecosys
techniques not only alter the | andscape but also affect
Anecosysitsemunderstood as a community of Ildvivhiggoragani Dm:
forming a complex network where each component is inteil
of biological, chemical at asdstphaiysi tafteiateoast vans ous
functionality of these ecosystems are crucial for maint
vul nerable to disruptions. Réaodgmwhzinn g ctolsiys e veinin mleergar baidlai
a concept that is extensiDell yadd,s cMaE2erd tiho utglhe viairt euat
ecosystem degradation exist, common denominators among
to maintain its structure, function, and capacitgmto p!l
di sturbances that compromise the natur al processes and
bi odiver irtey] amcadsglst em productivity.
Gi ven t hiec ocsoynstteexmt ,degr atha hi oy daanne plsestbr oadl y defined a
reduction in an ecosystembés ability to maintain i,ts str
resulting from HWbhman degtriadiattiieesn typically manifests thr
soi l properties, water systems, and air quality. These
of water bodi es, air pol | utoinon, whancdh Icaondseccapevef i agecnoen

regenermaddsvsreyprand biodiversity of the ecosystem.

However, for the purposes of the REECOL project and its
primarily consider the soil and | andscape aspects of e
most <critical fori ttahe oec oled it eall troeh elei Ireintroducti on
focused approach all ows for a mbegrachedr gobtedearbbpmesat o

restoration strategies that arce ieosnsadnttiyala nfdo rp rroersotta rnign g
in pgnonti ng | andscapes.
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3. CRITERIA FOR ECOSYSTEM DEGRADATNINCATORS SELECTION

In the context of environment al restoration and sust ai
degradation is <crucial. This chapter estabmisheg aheadg
detailing the i nditchaet ohresa lutshe do ft ot hnee aescuorsey st em acr oss var
soil geochemistry, and geotechnics.

The classification system integrates diverse indicator :
ecosystems. Each indicator is selected for its ability
facilitatingl yasinsuatnttetd @aimrm gui de remediation strategi e
indicators are measured and interpreted, the chapter a
evaluate and address the impacts of mining.

To assist in the understanding and application of thes
summarizing al/l the indicators discussed in this chapt
classification pewmdiessl | Fpréesvemt sAp table with exampl e
practical examples that illustrate how different I evels
The subsequent sections will explore each indicator i
i mplications i n-ntime ngo retceoxsty saéfe mpoxrtcovery. This appr oac
understanding of a@ursroentn ¢ drediptl iaomms nlgutand i mpl ement ati o

3.1.LANDSCAPINDICATORS

Mi ni ng, although constituting a huge industry, all owi n
way, causes a number of negative effects with its actiyv
to visual valafefseatl swatseamr omagnaygement, or the degradati ol
the framework of reclamation activities, these changes
Thus, within the framework w©olbseéedtisondsocwimelnt pr ¢ sren tf oil d a
degree of degradation of rehamihinhgtédahcadeas esin the co

3.1.1. Standard Deviation of Elevatior{(SDE

The VLocal Standard Deviation of El evation (SDE) i's an
topographic variability of a |l andscape, whinmihniinsg paarretais
By measuring thetvani wbthinysmal k|l evVvacalized areas, SD
heterogeneity, which can significantly influence hydrol
The concept of SDE revolves around analyzing the variat
around each pixel in a Digital El evation Model (DEM).

typically obtaisedsthgougbhnelmogiees such as satellite i
primary advantage of using a DEM is its ability to pro
| arge areas, which is essential for thorough | andscape
To compute the Local SDE, el evation data from the DEM i
a defined window around each pixel. This window size, C
the scale of thei hgcméavaréeabi Theystandard deviation wi

the elevation values vary from the mean el evation of tF
with significant el evation changasn, swkkhl asl eswweeal séope
and uniform areas.

The standarf) sleai m¢éaomr¢ of the amount of wvariation or
of elevation data within a defined window around each p

P N
” = W
0]
wher e:
Research Fund Cefunded by the European Union. Vi ews ot
for Coal & Steel those of the author (s) refllye atndt dos eno X * Co-funded by
Uni on or European Research Executive T the European Union

* a

the granting authority can be held re



-REECOL Del i ver al/bHaglkd.

, A& GKS &adFyRINR RSOALGAZY O
0O is the numbeNabj wehbevdt{oonvalues within the window.
w are the individual elevation values within the windov

‘ is the mean (average) elevation value within the wind

The Local SDE is pamincogarFragdsecsapeaes whepestecl amati on

balance and stability. Variability in microrelief can a
waterl oggrapgei fynmanaged. By identifying areas with hig
i mpl ement targeted interventions, such as erosion cont
strategies to stabilize thhevté&oillnamaldpt omaot e ovedest atoilc
management , Local SDE is also cruci al for understandin
may support a variety of plant species, eacwharaydiampg etdent
This diversity can enhance the ecological resilience

environmental stresses. Moreover, the Local SDE can be
to evaluatwenehses edff ecdc¢| amati on efforts. By comparing
stakehol ders can assess whether the terrain is stabiliz
are needed to address ongoinmgdvarimaoliel isteyn.si hige twesda nofl o
resolution satell ibtasedmageasyrandedabhes precise and co
across |l arge and often inaccessible areas. Tbhiinsg ctahpea bsiilt
ensuring that -taocactuer adtaet aanids ugpvai |l abl e for effective | an

3.1.2. Topographic Wetness Index (TWI)

The Topographic Wetness I ndex ( TWI) i s an essenti al [
accumul ation in a landscape, whhc¢hgi sepabilcubhairby peb(
from Digital El evaahdnhBbgel t oDEMpJdedatand the spatial ¢
directly influences vegetation growth, soil stability,
area must first be obtained.prAfleirgaibtlael aBEl e wa tpiroon i Moede Ic o
of the area, l'imited only by its resolution. DEMs <can

LI DAR technol ogy.

Once the DEM data i ®&dvadihlealleeg,r atiime i sl amd c(ul ated. The
descent at each point in the |l andscape. Mathematically,
in the x and y directions:

s x0T
1 Wl WO Weg—, —.
w T w
whereand-are the partial derdivnattihvee sx oafn dt hye deilreevcattii ooms ,
Specific Catchment Area (SCA) represents the upslope ar
l engt h. It can be computed as:
o O
YO O —
V]
wher e,
0 is the upslope contributing area, and
UV is the contour Il ength, which is often approxi mated a
Finally, TWH is calculated using the formul a:
Vo0l 1o
w ——
OAl
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TWI provides insights into soil moemviurroen dda rsttali baurtd olna n d
applications, prairntiincgu | laad /s ciampepostUnder standing the spé¢
accumul ation areas helps in designing effective deai nage
soil quality and hinder vegetation growth. Areas with hi
which can support more robust vegetation growth. Conver
i nterventi aodngsats wenh oas siorirl amendments to promote vegetat
areas suitable for the rest ordetpiemdenft wathlidarads .amdhi at ha
biodiversity conservatienvacesenhaneich@i emedsyyshnhemgs ar ea
By identifying areas prone to water accumulation, TWI ;
planting vegetation or <constructing barriers steonsdtnagbi l
technol ogi es;r eisnoc lutdionmg shaitgehl I-b & see d neaggres oyr sa,n de Ma olnee pr ec
measurement of TWI over | arge and inaccessible areas. 1
moi sture c¢ drodiitt idoinsst uwibti ng the site, provitceirmg exzod wrga tc
management .

3.1.3. Normalized Vegetation Difference index (NDVI)

NDVlan adexs htohwastc d haei t i ont haefur fvleyreal iamea. |t i s rreadndo of

reldi gbfl ect ance arnedd saunnd orfe di nifirgght r ef Iwéhdtcdnd es (dfuer mwl d |
of chlorophyl | -<«vcemgteaiand d ni m bploarmtss more visible |ight (
refl ects -inmofrrearretdagl. T ¢ ¢pectral data are acquired us
instrument fandhehd aspecs poetmeatheerrcaandon dsabekkiTtoes NDVI i
normali zed and exprlestsoedl ,onsoa istcailse eodsy to read and d
condition based on it-belcnaugenetrhael ,i nttheinss iitrydiocfatcohrl or opt

cl ass of Iglroevesnetroy,diasti ngui shebet #de/pi Gasdd d xoavmpleeget at i o
NDVI <{RilOzvd et. al., 2009)

500" 0 "0Y'YO
VOW O—F—
v OYYO
Using the NDVI indicator, knowing the area of the | and
vegetation cover, divided into vegetation cl asses.
A
50% 8% 40% 30%":

0.50-0.08 0.4 - 0.30)
D000 72 A it
(0.50 + 0.08) (0.4 +0.230)
Fi géxampl e of the working of the NDVI indicator on th
and bad condition (lllustration by Si mmon,
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This indicator can hevliepg ettoatgiucam tciofve rt.h eT heixst einst corfuci al f
projects are successful in terms of biomass accumul ati
%NDVI is in the longitudinal moni tmds ngBypfcompgeatrtian g owNE
over ti me, changes in vegetation density can be track
restoration efforts and the need for further interventi
tyep of vegetation, such as grasslands, shrubs, and f or e
di fferent requirements for conservation efforts. This d
vegetation zomnde, eemhadmgdécicmayg value and stability of the
vegetative cover, %NDVI assists in tailoring restoratio
areas with | ow %NDVI values mayonegtiifioet mose@chnasengi aat

or protection from erosion.

The use of advanced remote senesabut eohnsb thaiskerdt eseemaeshod &
enables the precise measurement of NDVI across | arge e
regul ar monitorinhgewstheut pdosidrbgngonsi stent-taman acc
ecological management . With the rise of big data anal
integrated with other ecol ogical i nditchaet oo 8t ci onmecso nmopfr e\
restoration strategies. These models can help in optim
outcomes of reclamation projects. By integrating %NDVI
pract i ceehsol| dsetrssk can enhance the effectiveness of | and
ecosystems. This approach not only supports biodiversit
successful establishment of robust vegetative cover.

3.1.4. Normalized Difference Watermdex (NDWI) and Modified Normalized Difference Water Index

(MNDWI)
The Normalized Difference Water Index (NDWI) and t he Mc
are vital tools for detecting surface water in remote s
during the wet s ebays ohni,g hc hraariancftaelrli zaendd mi ni mal green veg:
NDWI , as deMcFebedrs n(1996) ,-l nuftridriegde s ( NIhR) Nemd Gr een
el ectromagnetic spectrum. The formula for NDWI i s:

0 0w™O "OYOO)H ) OY ' OYOOULUL OY

Whil e NDWI effectively highlighitst avad relry fuedhdautrdedssy, dird i dot

vegetation as water due to its sensitivity to moisture
To address this | imitation, MN D WI ( Xu, 2006) modi fies
Infrared (MIR) band. This adjustment enhances the disti
budulpt l and, soil, faodmuwvlegeftart i MNDWIT hies :

D0 O0OW™OOYOOULL OYOYOOULDL OV

MNDWI is particularly effective in enhancing the contra
making it a more reliable index for accurately identify
applicationsseewwaterngnappeadg, suchirbaniareavanhamdad Isei
vegetation can obscure accurate water detection. Utiliz
extent and distribution, cruciat fhod ehfvecobinwmenwalepl| ae:
N D WI (Normalized Difference Water I ndex) and MNDWI ( Mc
primarily wutilized in the monitoring of aquatic enviror
essenti atli meoragseadsnmendxst eorft want el akes, rivers, and wet|l
variations that may be due to environment al or anthrop
historical N D WI and MNDWI dat a ec an t pmrelo vhisadted eir msi gohft se ci
degradation. For example, a consistent decrease in the
surface area, suggesting possible degradation processe
hi st ordamgpds ct hrough these indices, researchers and cons
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of human activities on aquatic ecosystems, thereby cont
restoration efforts. This dual application of NDWI and
study and managdeenpeehd ntofe avad yegt e ms .

3.1.5. Angle of slope

The Angle of Slope as an indicator is crucial in assess
on ecosystems. The sl ope of a terrain affects water run
influence qtulad i hgbiathadt bi odi versity of the area. Mi ni ng
increasing slope gradients, which can accelerate erosi
degrade the ecosystem.

Effective |l and mamhagementandesc pmesd must consider the s
environment al degradation and promote sustainable | an

restoration efforts can vbee, nporroemott amgeteecdo!| amgd c &f f sc¢ taib
classification system as suggested by the studies of F
approach to determine the sui-miariidg.t yHeorfe 'lfss ndooti adrih et aadiras
into practical gui delines for | and use:

Slopes | esag et ypemeSAlly flat enough to support most f
arabl e farming.

Sl opes unwheirl el5tAdo steep for traditional farming, ca
such as pastures for grazing.

Sl opes umdeer t3ypA cally suitable for forestry. Trees ¢
must be taken in managing such areas to prevent eros
Slopes upahosB60ODWAI support forestry, but the risk of s
caref ul management and possibly engineering interven
Sl opsetseeper tphaemse®®Asevere challenges for any type
reclamation efforts, such as sl ope stabilization and
Furthermore, the slope stability assessment recogni zes
sl ope areas, especially those altered by mining, are of
crucial to nsolteepitrhiate ssd eerepprheynt s, particularly those faci
communities, which are beneficial for biodiversity.

For agricul tur al-mirreicrl gga neapgdioln hoena pso,s tadteyapsi owa It lhy nloedsesr att hea
no more than 7. 0%, despanudiamg epm efleer sdbs&ehtl e sl opes

infiltration and drainage, reduce water stagnation, and
By applying-babesde cthepefications, mining companies an
strategically plan restoration activities that are alig
the recovery of dcboyyatiemngdiopreumtte ons. This compreher
|l and's ecological stability and its potential for wvarie

3.1.6. Area of thermal processes

Ther mal processes in mining areas, especially in coal d
spontaneous combustion. This phenomenon not only | eads
monoxide and sul furridiudxisdéd ob yteraslisd emdantfires that <can
water resources, and destroy |l ocal ecosystems. The ares

and around mining dumps where heattoi higbeer ateenhbeamatiur
surrounding environment .

The presence of endogenic fires or high ther mal actiwv
ecol ogical bal ance:
Soi l De g rEaldeavtaitoend: t emper atures can alter soil chemi st
soil organic matter, |l eading to diminished fertility
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AiPol luCombustion processes release a variety of p o
vol atile organic compounds, which can affect air qua

Wat er Cont amheatliemarc:chi ng of pollutants from heated
groundwater and surface water, affecting water qual.i

Veget ati ddn glhodss:mper atures and toxic emissions can ir
vegetation cover, further exacerbating soil erosion

Spontaneous heating and fire in coal mines represent a
industry and to researchers focusing on this probl em.
are attribut eed spproinntaarnieloyust ocotmbusti on of coal . This ph
heating" or "auto oxidation," occurs when coal interact
heat . I f this heat is not adehgeu ad>il datdiiosns i prad ceals s ,i tp oct:
spontaneous fires (Singh, 2013).

The " Area of Ther mal s Pr biare lsesveasl"u atnidnigc atthoer tihser mal condi |
in mining environments where spontaneous combustion an
Temperature (LST) plays a crucial roleainget bies weemt ¢ hte
surface and the atmosphere. LST can be effectively mea
Landsat 8, which offers the advanamdeumhbhamondcaloes hgease
t her mal processes such as -ruerlbaatne dh etahte Rmsahlatnadcsts iwnigddti img snti enay
provides a systematic approach to monitoring and det ecH
equi pped with thermal sensors, |ike the Ther mal I nfrare
anal yoneddentify heat anomalies associated with environm
This data iusipmgowveasseds algorithms to calculate the LS
surface (Wang et al., 2019).

Data Col $&tcelilointes continuously capture multispectral

essential for monitoring changes over ti me.
l mage Prodeégvdirng:hms sucWi nadsowt hAd gdonad hm ( MWA) , Spl i
( SWA) , an@dhaminnegll eMet hod are used to convert raw th

temperature measur ements.

While remote sensing is a powerful t ool for monitoring
considered:
Ti me of Satel:l iTthe Cuéxgdsdtei an schedul e around noon
events, especially those that develop or change sign
We at her DepeMdemcyte ther mal data collection requir.
obscure the thermal signatures of the surface, reduc
Spati al ResbPhati®enol ution of satellite images (10mx]1
identify broad and intense themmal ephecamenar pesent i
To overcome the | imitations of satellite data and ensur
field measurements are necessary:
Ther mal Cdymeéemnags:t her mal cameras on the ground -or mo |
resolution temperature data, cruci al -dfeorri vdeedt aoiblseedr vaant
Manual and Dr dormesurmedyn:ds all ow for targeted invest
especially in regions where satellite data suggests

3.1.7. Land Surface Albéo

Land Surface Albedo (LSA) is a critical biophysical p
proportion of sunlight reflected by the Earth's surfac:t
vital for wundehrsst arndinmg et lsegy sHEaermt, as it influences the s
climate modeling at global, regional, and urban scales.
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Al bedo varies significantly across different surface ty
ecological dynamics. For exampl e, surfaces with |l ow a
temper atures, wher egahs asl brefdeoc erse fwietct hmor e sunlight, c
temperatures. This variation in surface temperature ca
global <c¢limate phenomena.

Human activities that alter the | and surface, such as
change the albedo. These changes are crucial in the stu
Research indi ca®t eeshattaztt esusfacs | ike soil moi sture anit
reflectance, and thus al bedo. For instance, exposed soi

n
indicator of desertificatioefpeotesmpes. sThi sghs bemapase
which typically absorb mor(eLilu gehtt. aaln.d, h2alvle7)a | ower al be
u
e

In conclusion, |l and surface albedo not only serves as a
sensitiv indicator of ecological changes induced by hu
makes it an iewalmuabmentalbol momi toring and management, h
understand and mitigate the effects of | and degradati on

3.2. GEOCHEMICAL INDICATORS

Soi l chemistry i ssufccredasmeorft arlectloammienbngeé&foeants par pioct
comes to restoring vegetation. The presence of heavy me
inhibit plant growth due to theiromexak$oybedhbgepkbant
food, potentially harming human and ani mal healt h.
Beyond t hese contaminant s, factors i ke salinity, aci
significantly influence soil recovery and vegetation su
turn causes osmotts,c rsddecsisng nt hpdiar ability to absorb w
Additionally, the exposure of sulfide minerals to air
acidification (K°I bl et al ., &l0s21adnd Aall toevrert tpH avaai Imaltbii |
challenging(BbpnQgoebwat het al ., 2017)

Organic carbon is crucial for mai ntaining soil fertil
availability. Unfortunately, mi ning can deplete the soi
vegetative inpgtuites.diMdrmue dwearc,e from mining activities ¢
popul ations, which are vital for nutrient cycling, org

Reduced microbi al di versity dand hecatlitvhi,t yi ntpaarc tsi envge ri e lsy cd
| i(fset ef anowicz et al ., 2012)

Geochemical indicators are also essential for deter mini
mu st be compatible with the intended uses. Metallic a
probl ems, especi bkl ysetl bhesesensltivetpopul ations (chil
|l andscape quality, organic matter and clays wil/ ensur
areas into a wider biodiver si t ye cnoasnyasgteermesn tmussyts tbeem,a btlhee
on a broader scale. Geochemical i ndicators can provide
depending on the geochemical quality of the soil

3.2.1. Heavy metals contamination

Heavy metals contamination remains a critical environm
human health, and agricultural productivity globally. T
as arsenic, cadmi urm, neehrrcounmiyy m,| ecaodp,pezi nc, nickel, and
geol ogical sources and anthropogenic activities |ike mi
met-adnt aining product s.

These contaminants and their impacts are usually repres
iteratively with the various pollution and risk assessn
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+ PATHWAY + RECEPTOR = RISK

SOURCE

Treatment at the Intervention at the

level of the level of the
source: source receptor: e.g
management institutional conlrol

Treatment at the
level of the
pathway: pathway

k management )
RISK BASED LAND MANAGEMENT

Fi 8.Conceptual Site Modneana goermernits k( fbraosne dTalcakndand Bar d«

In the European context, the challenge of heavy metals
i ndustrialization and intensive agriculture. Thi s has
exceeding natumalcebasselaitnenyg &xd ensive remediation effor
interaction of heavy metals with the soil matrix, their
chain complicates theim mompeacpter imadu sn ga st hteh essiet uealteinoe nt s
ecosystems.

Research efforts, including extensive soil surveys 1like
detailed mapping of soil contamination across Europe, h
met al concentratti ®onare Thesei af mMaki nigewnidnfremmdp alti oyn st
to mitigate the adverse effects of these pollutants. Tt
the proposed Directive of theubBwridpean SParll iMomentord md

Monitoring Law), which mandates monitoring for a comp
Anti mony (Sb), Cadmium (Cd), Cobalt (Co), Chromiuwrny (tot
(Hg), Lead (Pb), Nickel (Ni), Thallium (Tl), Vanadium (
In the complex | andscape of soil contamination regul ati
established across many countries, reflecting the dive
nati on. Soil Screaméngné&abuebh ($p¥spf threshol d, gener
assessment methodol ogies that aim to safeguard human he
take into account the impacts on grounmalkitreg ,tlemnknnhegg
environmental protection efforts.

Nationally, the approach to setting these values can dif
and the Netherlands have devel oped SSVs that focus on
Further mor e, whesysatdemepsbhgcticon, these countries util
establ-basedi shresholds that can protect the most wvulnner
across doohereéd®&ects the diverse environmental condition:
prevalent in Europe. This diversity necessitates that esc¢
yet are robust enouqtagteoaneents wrf e sefi fl eSmwioret exc muamd triyo h i kies s
set any soil values and evaluate health risk according
values are used to evaluate if fthdedei ndpsatcrti oln sotiil vigtuiad
Outside Europe, as part of the Ecol ogical Ri sk Assessme
for soi l call ed EcologicalssSge)l fodhr elsrh oilndor\gaalnu ecs s(ubGQ
substances frequentl yt ech coiutnd se.r eTdh eosne rwearlerdédsa are set f o
plants, soil invertebrates, mammals and birds.

As depicted in the cofcept'utanr esschhoedd ndas ' ( Hing usroei | pol l uti
categorized into background values and SSVs. This sche
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framework that can be adapted by individual countries t
approach ensures that despite the inherent compl exitie
towards managing sbél EPpol l ution within
BACKGROUND Background
VALUE: value
SCREENING Acceptable Warning Action
WALUES: value value value
CONCENTRATION/ RISK
MEANING IN Acceptable intermediate Unacceptable
TERMS OF RISK: Fisk risk risk
o M;wr o - (Potential)
el ! estrictions in blem for actual land
. restrictions in ) ; ' pro
IMPLICATIONS: lard Use i restrictions in | |5!1-|:d use for | f use. Site specific risk \
|EI1C_| use for 0| sensitive land use. ] | ossessment OR |
H sensitive land H Fassibly further ! soil quality management
use : investigation fe.q., remediation)

Figt.Schematic overview of soil pOéEEAt ReporitsRkR8A86B22F M
When evaluating the risks posed by metals in the soil,
plays a cruci al role, a method extensively applied acr.
provides a foundtahe onadyiowvgrivhtewr médi ate and critical r
detailed update in this publication that specifically e
screening values, rangdO gpeadpmaatxdi md tsekl y efvredm 5vkr e i dent
initially gathered from various technical reports or po
were recently wupdated for Bulgaria, Czechia, Denmar k, a
The yawrofa SSVs, as depisttibnevd asrs Tekklitensi ve variation tha
strategies, including considerations for protection tar
crop quality), the underlying rigkedimotsoaverntarti base
screening values in soil/, and specific approaches to ac
Wal |l oni a, Belgium, only creifteiradeeld rtios kasl eaweliso narveal auveasi I(d

Tal.CurrendniScg eVal ues ( SSC/sppdmoe a € admuliusi,(nmg/ kg) (EEA Repo

Cadmium Copper

Country/ R War ni ng Val Action Val War ni ng Val Action Val

Str au SSV Strat SSV Strat SSV Straty SSV
Austria LU 140 - 10 LU 10-0, 5( - 600
Bel gi um/ B - 1 LU 230 - 40 LU 14800
Bel gi um/ F - - LU 230 - - LU 20800
Bel gi um/ W, - - LU 1.-8B$0 - - LU 5300
Bul gar i a LU, p 1.-%.5 - 12 LU, p 8B 00 - 500
Czechi a LU, pH, 1.-50 - - pH 15800 - -
Denmar k LU 5 - - LU 1,00d - -
Finland - 1 LU 10 - 100 LU 15200
Ger many LU 220 LU 0.-210 LU 1 (b LU 1,300
Hungary - 1 - 10 - 75 - 1,000
ltaly - - LU 1.-55 - - LU 10600
Lithuani a - - - 0. B5 - - - 35,20
Net her |l an - - SOM, c 13 - - SOM, [ 190
Pol and - - LU, SH 1-20 - - LU, SH 360, 00
Sl ovaki a LU, tg 0.-40 LU 2830 LU, tg 30B0O0 LU 600, 50
Sl oveni a - 2 - 12 - 100 - 300
Sweden LU 0.-42 - 4 LU 10800 - 1,00d
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Lead Zinc

Country/R War ni n Actio War nin Actio War nin Actio War nin Actio

Val ue Val ue Val ue Val u e Val ue Val u € Val ue Val ue

Straty SSV Straty SSV Straty SSV Stratuy SSV
Austria LU 10800 - 500 - 300 - -
Bel gi um/ B - 120 LU 202, 5( - 120 LU 308, 0¢(
Bel gi um/ F - - LU 202, 5( - - LU 6 0-8, 0(
Bel gi um/ W, - - LU 12-0, 84 - - LU 198, 00
Bul gari a LU, p 660150 - 500 LU, p 20850 - 900
Czechi a LU 308000 - - - 400 - -
Denmar k - 40 - 400 - 500 - 1,000
Finland - 60 LU 20050 - 200 LU 25-800
Ger many - (b) - - - 2 - -
Hungary - 100 - 750 - 200 - 2.50¢(
ltaly - - LU 100, 0Q - - LU 150, 50
Lithuani a - - LU 5600 - - LU 78, 20
Net her |l an - 1590 SOM, ¢ 530 - 15820 SOM, C 720
Pol and - - LU, SH| 5,00 - - LU, SH| 108, 0¢(
Sl ovaki a - 150 - 600 LU 2500 - 3,000¢(
Sl oveni a - 100 - 530 - 300 - 720
Sweden LU 8B 00 - 800 LU 35-0, 04 - 3,50¢(
Notes:

(a) Stratified according to: LU, land use, text., texture; SOM, soil organic matter; SHC, saturated hydraulic conductivity; z, soil depth.

(v) Analysis based on concentrated ammonium nitrate (commonly, extraction with aqua regia is used).

The references for this table are available on request f madmeEt  bemeEEA;
Thematic Group Soil, Working Group on Soil Contamination)

The comparability of SSVs across Me mber St at es
intermediate or critical risk levels for metals are
However, in Germady, i$13¥sndfedr for arable crops are
ammonium nitrate, ai med at assessing metal bi oavai

met hods signifies that SSVs ai mednoat bper odiercd d tnlgy aac arap
met hodol ogical differences alone. The | evels of SSVs
which may include factors |ike soil organic carbon
(pH). The Il ack of a wuniform classification system

I n the copnmienxitngo farpeoastdegr adati on, the presence of

i mpacts ecosystem health and the quality of soil
exploitation,veksibftcoeatgmngahes that can greatly

regi dimiss heterogeneity in pollution | evels underscores
and the application of | ocally tatiHherspgedihfriecs hoh ar ascatl eur
arelahe restructuring amdinrebabahidsatpes othuposequire
the interactions between existing pollutants and

pl anning
assessment

and i mpl emerntiiomg aeftfi @mtsi vies
procedures, based on

contribute to better management of risks associated
3.2.2. Soil Organic Carbon Contenand Composition

Soil organic carbon (SOC) and soil organic matter
array of environmental functions and processes. SOC
60%; Lehmann andOM dmerl,udxe®Gl15) .conti nuum of organic
|l evel since it is constantly nourished by plants
on the other. This continuum altsioomr exsful 3GM fagan nd tf f ke o
organi sms: physicochemical protection of SOM and
soil organi sms. Depending on the degree of proddecdveirn,
time in the face of the action of soil organi sms
complexity of the molecule considered: a simple
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mi croorganisms than a complex polymer | ike cutin, for e
considered the main explanation of this continuum, it i
and chemicalofprSoQM cplisoynsa maj or role in its decomposit
adsorption of SOM on the mineral surfaces of the soil a
found in the soil. Physrsatoptbeettappinfgofortbenphusi on
The speed of decomposition of SOM by soil organisms 1is
pl ant cover of the soil and human activities. First, ph
of soil consideukdr Btodiis gmain size/texture (clay, si
emerged as a cruci al indicator for assessing soil heal
organic carbon (SOC) contenteaofl clay icontéaet soThetpne
protecting it against decay and enhancing its resistanct
with higher c¢clay content can sustainably swpmmamteshiedh e
(2017) built upon earlier research by Dexter et al. (2
should be approximately 10% of a soil's clay content.
di spersibhercthgnraotal c¢clay content. In their researct
across Swiss agricultural |l ands, particularly cambic |
%SOC = 0. 11 %clay. Thishobidiatiwhdichtseeithkbeghnse to show
a critical point for maintaining soil health and struct
suggested a vulnerability |limiob,of deaessfyhag &bHLBsfbel
potentially degraded. This ratio has been validated ac!
and woodland, demonstrating its applicabilisgifForymesia
conditions. This ratio not only helps in tracking the ¢
for understanding and managing soi.l resilience. l ncr eas
recowdrysoils from degradation processes |ike compacti c
monitoring and maintaining adequate SOC |l evels relative
strategies to enhancesusodtiali nhbbhkethaadduseerspracti ces. I n
proposal for a directive on soil health, the SOC/clay 1
the |l oss of soil organic carbon ($@€) . mphirsg amefel @dt snaa |
|l evel s as a measure of soil health and resilience. I n t
proposal of soil directive specifies distinct targets f

For organic soil s: respect targets set for such soil

For miner al soil s: a SOC/clay ratio greater than 1/

carbon relative to clay content to maintain soil fun
On the other hand, soil temperature and humidity great
mi croorgani sms. l ndeed, a 10AC increase in soil temper e
two or three. I ncseascogl epatebumidetsgl akati on but only
20 and 50% volume humidity (Pellerin et al. 2019). Fr ol
oxygen) and the speed of minermlpeatliamddgeich emaretsi,c ulhars
in fresh SOM inputs following, for example, a greater p
by humans can stimulate the speed ofBurekceomptosalkt i oda9889)
mechanisms | ead us to speak of the Adynamicso of SOM de
transformed/ renewed. I ndeed, via the action of decompos
areransfor med monteccus mal I(eerhe ulti mate reaction being n
organisms use the small molecules to synthesize them. |
solubility and reactivity of trhpeesteu aclo napsosuoncdisa tiinocnr/edai sses, o
with the aggregates and the mineral fraction of the soi
The debate within the soil science community about whet
of SOM or SOC is ongoing. This discussion highlights t
that ensure saielt eihel oinl, i tayn,d watreuwrct ur al integrity to su
nutrient management conditions. However, most studies o
of SOC are based on agricul turfailelldancdr onpasn,a gceomeenrt cprroapcst,i
tillage, etc.). The majority of studies therefore conce
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this context, the analytical met hods classically used |
of fices, such as the el ementary ainiad d/wsdtsi voefl ya tcoomi pcl eedmi |
AES), and physicals, f raarcet imoen ahtoidosn dmneevteloodped r el ated to th

met hods are often not suitable for other types of soil
| ow SOC content or very degrmaadledmeboohdds FwchtaeskCBoel s
not sensitive enough to assess the presence of SOC and
of SOC. Recently, new methods based on the SOM codbusti
adapted to quantify and qualify the composition of SOM

soils (Sebag et al, 2016 and 2022).

|l dentgif¢ypengi fic SOC thresholds that reflect | ocal envir
crucial. These thresholds are usddpltetaadtandi he whetahk
val ues for healthy saihles,obtsyeprivceadl ISYOCs e te vaetl s7 5u% doefr opt i
However, while these benchmarks help guide sustainabl e
soil functions (EEA Report 08/ 2022), and c¢bmphéement ar

characterizat-hod off adube ared of |l ora are needed.

3.2.3. Soil nutrient loss: nitrogen andphosphorus

Soi |l nutrient | oss, specifically nitrogen (N) and phosp
and crop yields in both natural and agricultural soil s.
appropriatatmst mieenmt ns crucial for optimizing biomass p
adequate levels ofonborlbgemacr phosphenus, cal ci Wm,ndmagne
micronutrients |ike boronandi mo|]ymdegamesé&hei domersopype
soi l ani mal s, and plant species is also significantly
diversity, whereas variations in otterefrietcrti.endtncrears ehlda u
enhances carbon storage due to the higher input of crop
with high phosphorus | evels which escalate the sriassk of
pivotal, together with soil pH, in determining soil fer
at mospheric deposition, play a key role in soil product
I n snoiitlrs,gen ypically derived organically rather than fr
does not undergo dissolution or precipitation processes
charged soil particlogs$cdlor pammesns eisn. pBéddmi nantly gov
agricultural contexts, where it is added through fertil
soi l organi s ms, with any surplus begerng dxisde st oort hteo awan
primarily as nitrate, contributing to potential eutroph
Contrary towomsipthhepmesn,s in the soil are buffered by the s
Thi s buffering capacity means that changes i n phospho
significantly in soils alreadyvaiilcahbiilni tph oissp hiomfulsue nSoei
aluminum and iron oxides, which can bind phosphorus, re
Monitoring the status of nitrogen and phosphorus in so
productivity. While total nitrogen and phosphorus cont
nutrients for prddindatuipue kef issoimorfeeriti |l ity. For nitroger
content, which influences nitrogen mineralization and &
are established to enhanoeusrop ¢iowthngheretphomsplh gat
guality at high Il evels of soil phosphorus.

3.2.3.1.Indicators and thresholds for Nitrogen

Nmid N Agricultural Soils

In agricultural soils, the delineation of critical [ i mi
is complicated due to its dynamic nature within soil S |
growth iedusbersitheough the process of N mineralizatio
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This is because nitrogen fertilization practices gener
variability and potential deficits in soil nitrogen st a
Mor eover, excessive nitrogen does notdatnypgiheal Isy dlei miftf ead
nitrogdmsi cpuinteracted through | iming practices. Howev
(Nmin) can negabiovdiyeismpbgt Soc¢ch i mpacts are |l ess abo
more about how nitrogen additions via fertilizers alter
is its role in the brexders senmvctornammymebnutad s ctoonteeixrt and wa:
through processes such as denitrification and nitrogen
clay content and groundwater | evels, rather than the in
A practical approach to managing nitrogen i ndbodIlverscim qi
the nitrogen inputs from fertilizers and feed against t
This managementt sstrreadegey taliemnsni trogen | osses to the en:
ecol ogical 1impacts.

Critical Limits for C/ N Ratio in Forest Soils

The nitrogen retention capacity in forest soils, partic
radaocritical metric for understanding nitrogen dynami
robust micriodatailon monfobniltr ogen, thereby reducing its av
ri sk of nitrogen | eaching. Conversely, |l ower C/N ratios
for nitrogen | eachingménto surrounding ecosyst

The critical ranges for C/ N ratios in forest soils have

|l eachERS Reporit 08/ 2022)
High N retention and CbN taeatachimrg3pPpotenti al
Moderate to high N retention and C/oN rtat imo deetaween eak
Low to moderate mModernatneg i toom tlinglh I1Cd aNc lriart g op dotee nvteieanl :2 (
Low N retention and hiCdIN radd¢ i g 2ot enti al

These thresholds help differentiate forest sites by th

nitrogen is retained within the soil matrix and its p
understanding oifs tdhresei aly nfaoni cmanagi ng forests sustaina
exceed the ecological capacity of the forest soi |, t he
eutrophication and biodiversity | oss.
3.2.3.2. Indicators and thresholds for Phosphorus
Phosphorus (P) is a critical nutrient for crop growth
environment al health. To manage P effectively and minin
soil P 1| eveflisc wiarhgent sgredbicri ti cal threshol ds
Target | evels for avail abl eagrhioswplhtouruas!l fwoai lcy op yi el ds
The management of soil phosphorus focuses on maintainin
causing environment al degradation. This-upoaodptmai atehn
approach, which ensoreoeshatot Peappbkidcathieo soil's capac
preventing | eaching into water systems This approach i
Avoiding P Bppsochsiwhere available P exceeds the thr
Mat chi ng wi tihncutop uptake when soil P levels are betw
critical | evel for P |l eaching.
I ncreasingevsedisl wPth additional P fertilizer i f Il evel:
to elevate P to adequate |l evels for crop production.

Thissrategy is de,piicltledstimatFiiggartehé& . vari ous stages from
for crop yield based on soil P status.
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Critical |l evel s for crop yield and environment al heal th
Critical Il evels for phosphorus in agtecmlpataéxpekrl ment e
term field studies, which help define the specific soi
response t o tahdedelde vPe)l sanadt whi ch environmental r.isks, par
ACritical LevelRefsoerarQrho,p sYiceh das that conducted by Bai
critic®l velsens for various crops | ke mai ze, wheat,
18mg/ kg, depending on crop type arned csrouicli agdr ofpoerr td eetser
additional P fertilization is wunlikely to increase cr
ACritical Level Tfther rP skeadh iflighhs pmcrmresasrewsn si gni ficant |
exceed certain threshol ds. This | eaching potenti al
concentration of P in soil water ( Pw)e.veHlfsf ebcetliowe trhaers:
points to prevent eutrophication of water bodies.
The relationship between crop yield,]lRSslteadhridnhdgi iy hRdilkglhrta
the balance needed between enhancing crop yield and min
Soil test P categories for crop yield response
Low Optimum High
100 |- ? ------------------------------
"E
I
?80' Critical 5
= value E
%60— for yield §
>
2 Critical 5
s w
G 401]- value c
o ; for P loss? 0
= ' 1 w0
© : S
&20:' : o
5 ¥
0 1 1

Approach F recammendation Soil P
Erwi Iriskli
Mo fertilizer Very high ironmenta sk ine
Contral Imput < Cutput \‘-‘—‘_
Input = Cutput Cptimurn level for crop production J
sintonance an
Input = Output
Building up | 3 —Syear |—| 3 — 5 year |
Input == Qutput I Wiery low

Fi d.Phosphor us mammrgeamemds

Low Medium High
Soil test P categories for potential runoff loss

(EEA Report

08/2022)

(EEA Repo

Fi ®.Rel ati onship between soil Phosfhphoe usunhefvfel si,slcr olpa yt
I ndicators for soil phosphorus status include
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Total and Avail abhes @hiospihomatuesrs asaeas| abheé et phalsphod

soil, which are critical for understanding the nutrie
Soi l P Saturat iTdin sl ndeaxe x( Mela)ssures the proportion of
particles relative to the soil's total binding capac
balance between availability for crop uptake and ri sk
I n summary, managing soil phosphorus involves maintain
preventing excessive |l eaching that <could | ead to envir
indicators and thradhalraad tphatctgeiede amgr iearvi ronment al
European Union's proposal for a directive on soil healt
defined by each Member SHi@GtmghWkghi ansbreil mgnaglhgemeB D st |
tailored to local conditions while addressing broader e

3.2.4. Salinization

Soi l salinity is recognized as a crucial-asbdl rdgpoadat
wi th sdraddmdwat er, and coast al del t as. Soi l salinity i
saline soil, sodic soil, and alkaline soil. Each type p
health and PEanBl eembiet tagl . 2012)
Sal i neChSawriadcterized by high concentrations of solubl e
to the high osmotic pressure of soil water, making it
Sodi ¢ D®arilntated by high concentrations of sodium ions,
which affects water infiltration and root penetration
Al kal i nfel tShooiulggh not the primary focus here, these soi
l evel s, often | eading to toxicity and nutrient defici
Saline soils are often considered easier to remediate (
but are challenging to restore once affected. This dis
management (sE.r aBlegém,s.et al ., 2012)
Electrical conductivity (EC) is a critical measure use |
deSi emens per meter (dS/ m) at a standard temperature o
which tanebely compemdfiatsedneiafsumeedeasd.cruci al because it
soluble salts Adidtihiimnal $gmpkal inity can be estimated f
saturation extract (ECe) , whseirneu | vaa tee rs aitsuradd eodh tcondr Vi
particularly wuseful for comparing salinity across diff e
The i mportance of EC as an indicator | inegd yi rhaiztag dalainldi
potenti al i mpacts on the tywipel dEhofs vanriscusi Eael dncfopb
proposed by Richards in 1954, which remains a cornerstc
EC isaintegmanaging salinity risks in agricultural and
interventions aimed at mitigating salinity's adverse ef

Tak®.Cl assification of Soil Salinity Levels and Their Effec:
Measurements (Richards, 1954)

ECe ['d]¢ Cl ass Ef fect
0-2 Non salin{Negligible
2-4 Slightly {Yield reduction of sens
4-8 Moder atel JYield reduction of many

8-16 Strongly {Normal yields for salt

>16 Very strolReasonable crop yield f

At the conclusion of the discussion on soil salinity in
as the directives proposed by the European Union regar
criterion yf oas sseosislmesnatl,i nsikggesti ng a t hr eSsiheomedn sf opre rs antei
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(dS m1 1) when measuring electrical conductivity usi ng
Al ternatively, an equivalent <criterion is recommended i
3.2.5. Soil pH
Soi l pH is a critical measure reflecting the acidity o
environment's chemical balance. Definedoasenhhe anegati p&
range from about 0O to 14, with 7 considered né¢&ijgal 7 vz
The pH scale is |l ogarithmic, meaning each whole number
acidity; for instance, a soil with a pH of 6 is ten tin
significantl|l prebaeped by #Hhlbedi agdi base Acidic condition
by cations 1|i ke ihryddm o(@&In3 {)H+)andliurmon (Fe2+ or Fe3d3+), v
presence-fof mbagecations such as calcium (Ca2+), magnes
( Na+) . Understanding soil pH is cutciehtb®deaadseont amfhf
influencing plant growth, microbial activity, and soill
= 2
3 - g 8
z £ =2 e = @ & ?_ ‘; T3
¢ £s5 @ : 2 2 2 5 2 23
& SE £ 5 o = o 28 E
o n % = o wy 2 [=3] w) gns
L m | J' C eSSSSS— ©
o
3
2 3 4 5 s
I
o
= = ¥z = =
5] 5 T o =] = o
4 2 Eg n 5 =
: g - g E g
= 8 E 5 @ :
s : 5 5
4
Fi o.pH schaalsee duamr i ent Manager, 1996)
The optimal pH for phbattweegmowt angemdebal Wwhifcal as§i gns wit
and garden plants. However, pl ant adaptation all ows f ol
some species specifically suited thoe moerl eataicoindsihci po rb entowr eee
pl ant health isn'"t merely about tolerance; many plants
to i mprove nutrient wuptake. For exampl e, certaalms prilant s
nutrients more effectDeehyl ¢éFabdeanrieptiabns @OigHIi cange.
provided.in Tabl e 3

TalB.Descriptive pH Range and Soil Characteristics
Descriptive : .
and pH Ran Description of Soil pH EI
Very Aci d Represents extrem_e 50|! aC|d|f[y.th
most plants and microbial activity
pH < B,9 H o 7
ecosystem. SuoabcaessdiBbyemaybstanti
pH < 4.5 KCI D A
amendments to mitigate toxicity an
. I ndicates moderately acidic condit
Aci d . ) : :
pl ant species and microbial functi
pH %50 9%0,H Lo ; . .
H 45 65 KCI of ap|Fj|ty may hinder certain agr.i
P ' conditioning.
Lightly Acid Slightly acidic soil corbdiotaideers rtam
pH 6609%0,H l'ife but may still pose mild restr
pH 56 65 KCI Mi nor adjustments such as Ilight I
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Neutr al |l deal for most agricultural and na

pH 7FOQ H degradation related to acidity. Th

pH 67 .62 KCI efforts to ensure the maximum func

pH T7T810O0H >7. 1 ( pop \ y 9
nutrients such as iron, manganese,

Al kaline to V{(High al kal i nsiitgynicfainc alnetadc htaol | enges

pH 89140H potentially |l eading to degradati on

and >HD. 4 H involve soil acidification process

In terms of crop production and environment al i mpact s

mai ntaining soil pH above <critical l evels is essenti al

availability. CritilcdaslhepH tlheweulgsh:can be estab

Shotérmani pul ation wh@rei mentspH is adjusteal I[boywi aadyd if

controlled studies on crop responses. These experi men
variable while maintaining constant camdinutomisestucdyv a
However, they may not accurately reflect field condit
mi crobial communities and nutrient dynamics.
Lontgerm field ehperameess the effects of declining so
These provide insights wunder actual field conditions
changes, pests, and diseases, whiiochh. necessitate caref
For exampl e, results -tferom dtow dhi esshoon @erdedlongsuch as w
shown a si glniinfearanrtelnaotni onshi p bet ween soil pH and rel at
of the maxi mum wiitehlodutatatcaidnahlcemati on i mpacts. The criti
expected, typically ranges -betwmeestupdHed, 5alaingnidng dlnos
aluminum rel easter Howkvyeryatboogscalggpélsvahiugkebet wieen 5
application recommendations often target maintaining s«
as indicatded i dpbl mize plant health and yield while r
soil acidification (EEA Report 08/2022).
Tabl.Opti mal soil pH values for various crops (Teagasc, 202
Crop Optimum pH
Beet, beans, peas and oilseeds 7.0
Cereals and maize 6.5
Grassland 6. 3
Grassland (high molybdenum) <6. 2
Potatoes 6.0

3.3. GEOTECHNIC INDICATORS

It is important for-mithmieng ehmrbasi tattakhkeoftcapeswof the pi
properties ofpithenisndoinlyg, Oment o the way surface mining i
pl an approprrieast ¢ hsadi |lhawiexttthe desired properties in this
a comprehensive analysis of the degree of degradation o

3.3.1.1. Soail porosity

Soil consists (ofi neolaild @ardt ioaclgasni ¢ matter) of varying
The gaps between them create a network of pores that en
of heat and nutrients. The numbeagrandamrd maitze rofc ommdreens ,v & re
(Hao et al., 2006) . Soi l porosity refers to the fract
understanding how soil retains and transmits water, air
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Porosity directly i ffoll de mgeslatplpmiisggi | t stwatsérore and s
Adequate porosity ensures proper gas exchange, cruci al
root penetration, enabling roots to grow amaé,exmplidr g otr
provide habitats for microorganisms essential for nutri
plays in soil health and and is an important i-midiicmg or
are@Bden al ., 2011)

3.3.1.2. Soil density
Soil density is a measure of soil mass relative to its
the mass of dry soil divided by the total soil vol ume,
G QiélMi e Qa
0€ dad&ao6aQ

Bul k density is influenced by soil texture, structure,
bul k densities due to fewer aggtegauesdandil sewesuohgani
| ower bul k dédrdsitteresagduegadi on and higher organic matt
density by reducing pore space.

Bul k density is cruci al for understanding soil compact.i
i mpede root growth, reduce infiltration rates, and | i mi
indicatestgoodusei and favorable conditions for plant gr

3.3.2. Soil erosion

Soil erosion refers to the process by which soil partic
water, wind, and gravity. |t is a signif indeantngenmnwieracsn nve
soi l stabi lairtey pamd moaaltt h The rate and extent of soil e
climate, topography, soil characteristics, vegetation c
managing soil erosion arebctitiactabnfof mMhei sgcsesebul r
3.3.2.1. RUSLE
The RUSLE (Revised Universal Soi l Loss Equation) i s an
(USLE) that provides an estimate of the annual soil | 0 s
is used to predict bav earaagne aardn waasls oecriastieadn runof f for sp

conservation planning and water resource management .

The Revised Universal Soi l Loss Equation (RUSLE) serves
soil degradation on reclaimed mining sites This applic
of soil er osi on trhiastk sh aovne Ilbaenedns cdaipsetsur bed by mining act.i
accelerated erosion due to exposed soil surfaces and al
The RUSLE model is often integrated with Geographic | nf
for accurate and efficient erosion modeling over | arge

significantly enhaanteldi theoprRBRUBEEoOhnawdri ous applicati
natural resource management.

When discussing the values of the RUSLE index, the f oc¢

provides, which is the annual rate of soil |l oss expres
numerical out put reefffleecctt soft hael |i nctoengtrraitbeudt i ng f actors an
of erosion dynamics on a given | andscape.
The RUSLE model incorporates five primary factors, \
subsections:
Rainfall Erosivity (R Factor): This factor assesses t
Soi l Erodibility (K Factor): I ndicates the inherent v
how different soil types found in reclaimed mining ar
Topographic Factor (LS Factor): Evaluates howi ohagges
|l andscapes, influence erosion rates.
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Cover and Management (C Factor): Assesses the effecti
practices in reducing erosion, a key component in the
Support Practice Factor (P Factor): Focuses on the rc
and terracing, which are often employed i@ reclai med

Based on the above components, the RUSLE Pihndeax i& Ngealtaul

o 'Y O 0°Yé6 0

Each of these factors has its own calculation method, t
topography, vegetation typespramcdi appli RUSLE&End smandd emd
adapted to different environment al conditions, maki ng
erosi on management . I ndividual indicators will be descr

3.3.2.1.1. R Factor

The R factor represents the rainfall erosivity factor

precipitation. It quantifies the i mpact of rainfaldl on
precipitati perowvwelr, aygivahly measured annually. This fa
(megajoules per millimeter per hectare per hour per ye
erosion.

The-i Rdex in the Revised Universal Soil Loss Equation (I
calcul ated from data on the intensity and amount of r ai
data from | ogclaolb aslt adtaitoanbsa soers such as t he ER(goBeaan) Spialgel
The kinetic energy of each rainfall is calculated from
the rain and its i mpactrewealescinttye,d abngdlomihhea tmearxoi sniuvm § ynt e g
The-i Rdex is wultimately calculated as the sum of the ki
year . It is also possalbkee foomhiceavkytddriraenRases| vit
which is wuseful when | ocal data are unavailable or inco
I n such cases, the following are useful gl obal dat abas
information for different regions of the worl d. For exe

Portal (ESDAC)e mBuangpdambyCoimmi ssi enactwhi cvhal purecsv ifdoers RRUS
available on the European Sohtt Pata/ €shnael] cd.BDBD.E9 wunswole
obt aifmcRor values without-comsumierd &ondcexpdansi ¥e& mmeas
Access to such data makes it possible to quickly and ef
which islypauseéefcwl afror pl anni ng cepnrsoenrev aatriecans . measures i n

Cononrt hreext page
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R-factor
(MJ mm) / (ha h yr)
- <340
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I 200 - 1,300
Bl - 1 300

Fi 8.Map of rainfall erosivity in Europe
https://esdac.jrc.ec.europa.eu/tags/rusle

33.212. K-Factor

The K factor represents the erodibility of a soil, or i
that takes into account the physicatlexathndr e heatirciadt pre,pe
content and perfimaaki liist yc.r ulchheal K because different types
erosion. To calculate the K index, soil data ingd wdag,
fractions and or gishrei d omanutl er foantterits. i ndi cator i s as f ¢
h hooh h
K= — p Tt
h
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2 KSNBY
00 1 ¢80 "Q0O& @maxEis ohQe o
0 A1 & Qd@@ i1 "Qa & o IARQM QL ¢ i
Yo EIQaT 6 OEOQAWBOT
0 Qi & oudbodamh
variable M is calculated by the formul a:
0 Pi "QamL QUANE Gt Qp PO O®

Where very fine sand means paritOi.cll &msnt eteoa npsr egeri asi-gha &sei dz eu pl
soi l data is crucial for accurate calculation of t he k
surveys, soil maps, or databases such as those maintai
Accudater mi nat-fantof thabKes effective assessment of er

Talkb.Cl assification of Soil StruxB.Ctassypeésati on of Soil Pe

Soil stru Descripti Per meabi | Descript

Sl ow

Very fine ¢ 1 Rapi d
Fine granu 2 Moder at e
3 Moder ate or 3 Moder at ¢
granular 4 Sl ow to m
4 Bl ocky, plot 5
6

Very sl ¢

3.3.2.1.3. LSHFactor

LS (fMootr@er and Burch 1986; Moore and Wi lson 1992), (o
gth ( L ) and steepness factor ( S ), which are comp
topography in a speceifeirmsdroma iasnd Loaw oiurdti esn ss¢ taH . 2

>0

he context of the Revised Universal Soi l Loss Equat
steepness on soil erosion. The LS factor is
e steemness ng(l ) vtad uer dchimade characterizes the i
th refers to the distance that runoff travel
ar ea, directly inflareagiivng pdhwerpodfenwatnér .ac
he angle of the slope, affecting the velocity
nzi & Ngetar, 2019)

3.3.2.1.4. CHactor

Thef &ctor, or cover management factor, is a crucial com
Revised Universal Soil Loss Equation (RUSLE). 1t re
to soil | ooscsc utrh aitf wtohuel dsoi |l were | eft bare. This fa

f

practices on soil erosion rates, reflecting the influ

e
Thef &€ctor is defined as the ratio of soil |l oss under sp
woul d occur on bare sofidactdns:.ccomrsiiadrerisasevesea,l Ssaibl cov
crop r esiudrufeasc,e srooughsness, and asdiolr moingtrurbeu.t eBadio ke o
soil surface receives from erosion processes.

Modern techniques prefer remote sensing and -&fl fSe mtviewven & s
and accuracy. Land wuse/land cover (LULC) <cl assiffaicda atri on
values. SpecND¥I| {(NdrmaetikiekleDi fference Vegetation | ndex
to estimate vegetation covefacwhichHadwewvert, yt hedd uend it
photosynthetic vegetationsphwhioslynmayetnet (aecgyownt dfe@ard)n o
erosion.
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A significant challenge in using spectral indicestiys the
to fully capture t hpehoproostyenctthiewe ce fvfeegcett -achfc broan s ei mactiuo @
dependenthe quality of the remote sensing data and the c
Various empirical relations have beenf adcdweal ovpaeldu etsa rFelr
equations by De Jong (1994) and Van der Kni jpffafcteotr ala.l u(e
from NDVI. Despdft et tehee poeotuH@ds,t yt hey have | imitations,

which has |l ed to the development of i mproved equations |
Thef &ctor is a critical element in soil erosion modeling
practices in mitigating soil l oss. Its estimation has e
and -BasSed dguesh,nienhancing the accuracy and efficiency
chall enges remain, particularly regarding the vartabili:

photosynthetic vegetation
3.3.2.1.5. P+actor

Thef ct or (support practice factor) in the Revised Uniyv
of conservation practices that reduce the amount and r
one of the fd vRUSlaE tnnaodkeli nustehd t o predict the average a

The-f Bct or measures the effect of support practices on
influence the pattern, direction, and speed of water ru
cropping, and atreer rdaecsiinggn,e dwhtioc hs| ow down water flow and

Hi storichatyorthasPbeen estimated through field observa
Modern methods invoével thieonseabnél-hagddi magerysahdaid Sc
maps to -hasign V¥al ues.

Thef Bctor is calculated ugigngimoh¥ widely used formul a:

wherSé s the sl ope steepness in percent.

4. CLASSIFICATION

Foll owing a detailed examination of the i ndmicraitmg sarnesags
this chapter introduces a structured classification sys
on their i mpacsahoinl iftug.urlet illainzdi nug the i nsights gained f
delineates the conditions of the terrain and soil into

recovery and reuse.
Clasendompasses areas where ecosystems show no signs

condition. These ecosystems retain their full functiona
l and uses without any snecelda sfsorsiigmti dri veen ttihoant. tThhei ec osy
preserved their vitality and ecol ogical processes or ha
the original environment al standaroddsi.v eAss iat yr, e snualttu,r atl h e s
and ecosystem services seamlessly, contr iCduwutsise@r peseint isv
areas where the parameters are degraded compared to th
reclamation intervention as the degradation does not si
ClassnB8ludes areas that are not phytotoxic, excluded,

reclamation of t ke tweppeari nhorri apmpldfcatth on of reClasati ol
dencompasses areas with severe degradation to the point

fundamental modifications to the terrain or soil struct
to restore |l and wusability.
This classifi¢aadDomnsf eamewdi lal not only for guiding re
but also for prioritizing areas based on the severity o
categorizing the degree of i mpcaacnt noonr ef uetfufreec tliavned yu sad,l o
i mpl ement targeted interventions that promote ecol ogica
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Talw.Cl assification of Ecosystem Degradation

Ecosvs Class 1 Class 2 (D|IClass 3 (Reg Class 4 ( N¢
eIemye (No Degradation or without N Recl amat. Fundament
Recl amation Go Recl amat. I ntervent Modi ficat
< The | andscape retailLandscape |Landscape c|Significant
O and functionality, slight alt|suggestdinifrnfjdegradati on
n degradation. It conlretains fultions; recl|fundament al
2 original ecosystem |without neflfterrain shajtions, such
< biodiversity as int|ireclamati olcaion of re/with suitabl
n restored to achieve additives cladditives t(
through successful recommended(functional it
E |[The soil maintains |[Soil shows|Soi |l chemis|Soil cont ami
© [properties without chemical alnophytotoxi|reaches phyt
< /I't supports naturallnot requir|/but enhance|l evel s, necg¢
8 and fosters a stabl|interventi|through addjextensive s(
o |g9rowth and wildlife i mprove confor repl aceme
4 o |avoidance of degrad mi tilgazaer ds
= reclamati on restore qual
8 - |Soil structure and |[Minor geot|/Moderate ge|Severely corl
o |ensuring continued |variations|disruption |[soil struct(
o [processes and | and |i mmedi ate |benefits frjerosion ri sk
~ |alterations. This sireclamatiomeasures |l iflrequiring cd
© the soil has either amendment ofjrecl amati on
8 and presecoledgii ¢ sl contouring.|safety and
or has been effecti
or i mprove upon its
5. EXAMPLES OF MAPPING DEGRADED LAND INMRD&NG AREAS
5.1. Areas of concern inUpper Silesian Coal Basin, PL
SGENI CA Coal Mine, GIliwice Poland
The area of active coal mine SoSnica is the first case
defined. Area of degraded | and is an active waste heap

where mining fabulidiegs(ahdfmsning plant) are currentl

i

o Wagte Heap
(' Sosnica Coal Mine |

Ko

Brownfield . >
~ Sosnica Coal Mine —~ 1+

/

G f //f, \ f [ . 250 '-mm
= /A. V. L Se—)
Fi ®.Location of brownfield and waste heap, SoSn
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BOLESGAWAGEWICoal Mine, Gaziska Poland

The area of active caasl trhiene aBel st uadw , $ miha&dy degradati
were defined. Area of degraded |l and is a waste heap alr
area where mi(sihmd tfsacibluitidées-garaecdtmiyniumglepl aptey ati on.

Waste Heap Brownfield || A
olestaw Smiaty ““Bolestaw Sm1ah{ 4
Coal Mine ey

Coal Mine

0 100 200 m
gdOLocation of brownfield and waste heap, Bol es¢
WUEK Coal Mi ne, Katowice Pol and
The area of active coal mine Wujek is the case study,
degraded | and is a brownfield which is the area -where
currently under oper ptoinadn (admd | mnyé wét ch already is not

Conornt hreext page
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Pari
Tade
Kosc

,:’“ wewes 1ailing/mine water pond
4 & N\ b “Wijek
[ i Coal Mine
4
/ f
-:.).:__L % §

FidlLocation of brownfield and mine water pond,

5.1.1. Type of posimining area: PREMINING BROWNFIELD

Considering the degradation factors and specific featu

wel | as chosen indicators of possi ble degradation it i
frequently in thaft degpmpaedatt@acmameiueh sa® contamination of
simple to assess using available tools such as satell]

each areas of concern relevadtfimgideatofr sl aved ed eq@d add tait
based on thresholds prBelocw dtdiens & ninpetxi olnl otfabrleed.at ed f a«
calculations and assessment .

AlLand degradabibnty | oss

A scripltiope: stabnditcptios kéysafety, mai ntenance coOsSt ¢
(risk of |l oss safety in static and erosion potential

Alndi cAnglre of sl ope

A Met hodosple deé¢ dursmibiM (di gital terrain model)

ASouraxfe dlattaps: / / mapy. geoportal .gov. pl/

A ResulTthse: analysed areas of <coal mi nesmitnh aatg virlolwné o e h
characterised by a predominance of flat terrain. The
economic use and cause er oniitohni np rBooh |eesngsa ww assmi iadjeyn tG ofail €
the percentage of areas with each | and defgnadaéemphacy
visualization of the degradatioensbdwhhenswhe fhngteemb

Alndicator dwagl eatoif AB)somene of the Keye diedpagfiiong ntfihese t
occurmndnscseé ope instability. The calculation method usi
for extensive areas with relatively little effort. 1In
terrains, it is neetcaeisls aortyh etro faancatloyrsse iinnf lduenci ng sl ope
stored, degree of compaction, vegetation cover, etc.
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TaB.Participation of degree of | and degmadgtswalnping beomsf ok

Participation [%]

Degree of land degradation Threshold value Bol esgaw| SoSnic Wuijek Coal

Coal Mine Mine Mine

Legend

Case study =
Angle of slope in degrees (2022):
<=5

5-15

15-26

>=26

Fid2Participation of degree of |l and degradation in term

ASodkegradda&toinemmi nation of soil
A

Descri puroent and past | and use, including in partict
har mf ul substances are used or storeldnf dremeaetrimmeacn t dc
which have or could have @mndstdebkdiilncestiagpaniaons®nof
presence of such contaminatawvai)lhalviReitlo dan taa nsion acta lolne
i mpact on safety, reclamation and remedisatclompongests ¢
sites

Alndicator: Risk of soil contamination

AMethodgsdel ineation of areas with confirmed or potent
(orthophotomap, mine plan, Iist of accidents, histori

ASorce odrtdmemhot omap,
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AResul 8eSnica Waste Heap chlahawtefr i ardumy ZmOmedmd i aesi
of $lobwpe areas (50, 1%). Slopes ofomothet halehpe2§ edmga o/

height of the spoil heap is about 90 and the relief i
74 % one percent. Flat terrain constitutes only the a
Alndicator €walreati amd past | and use only identifies
confirming soil contamination is mostly wunavailable.

or exclude 4 minl pocrt-bBmonw antgi eplrdes .

Ta®.Participation of degree of | and degradati omi nimnmgwnfmse lod

Participation [%]

Degree of land degradation Threshold value Bol esgaw| So&ni| Wuek
. 3 Coal
Coal Mine Coal Mine Mine

Legend

1771 Case study

Contamination of pre-brownfields B
B}

2

.3

o

Fid3Participation of degree of | and degradation in ter|
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Legend

1221 Case study

Contamination of pre-brownfields
1

Fid4Participation of degree of | aondt @amigmatdiadm oMWu jne kK em

Legend
o 1) Case study
Contamination of pre-brownfields

Fi d5Participation of degree of | and degradation i)n terms

5.1.2. Type of postmining area: WASTE HEAP

The areaeofSodntiicmechmadmased Bkealpny() | ocated near the mi
extinguished (SoSnica Coal Mi ne and Bolesaw $miagy Coa
pile, culm bank, gob pile, waste tiiprast ebanagreeamaoyv ead pd u r
mi ni ng.
ALand degradation: Thermal processes
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ADescri ptrem:in the area paofocemsateasde mpssi(gmieff i maant i mpa
pollution, safety, maomndé mmiaalcef enstesysanadf thech mine
Alndi cAt®a :of thermal processes

AMet hodsand Surface Tempmpert @tr uisniedg flfSsnadisealtd s & e
ASourcfe datt@aps: // abpd. s ebmidewsedr

AResulBased on satellite data on 3 Octobede@e8s hir@he
than the surrounding areas, were identt drmpadr avteu rdeost h
found on -etahset esronutsht eeply sl oping sl opes of Pl lae eSk avli nyh
temper mtsurhdsgh as 16 wereveéegemnat édepdamwti $ hoh nbaf SoSni
areas with elevated temperatures indicate thaobahblyic
a result of sol ar Tratireguloffs tdlet adiunmpd . do not i ndic
phenomena within the analysed objects. The results of
class are summar i z.edTwies utaHhda ztaagahb loen bodl acwmedbegnddatur bac
the site in terms of gradients is shown in the figure
Alndicator @haelsatebhite's flight takes place around 1
required to take a good quality picture. This makes s
for identipryoangsdseder man order to confirm these risks,
with ther mal cameras directly in the field (manual m
resolution of the satellite i matglees mpotean t(ipalx eil desnitzief
extensive and intensive et persmalmi mh enrgo menma wiotal i rh etalp s

TabOParticipation of degree of Ipamdedasesada s e nmgn etreorwmsf io
Participdtio

Degree of | and d Threshal de SoSnica [Skalny
He ap He ap

™ 7 Study sites
LST (°C) (LS_8 2022-11-03)
[]<=4

[]4-8

[]8-12

[]12-16

16-20

- [ > 20

Fi d.6The | and surf ade StoSmp eraa tWars ¢eed Hiesai pn gd ektaenredsdatiia e 8
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™ 7 Study sites
LST (°C) (LS_8 2022-11-03)
B <=4

[ 148

[]812

[]12-16

[ 16-20

Fid.7The | and surf ade StoéSmp eraa tWars ¢eed Hiesai pn gd ektaenredsdatiia e 8

ALand degrsatdabibinty | oss

ADescriptiope: stability is key indicator ofeusaf etfy,t hma
(risk of |l oss safety in static and erosion potenti al
Alndi cAnglre of slope

AMet hodSl ope edles eP§Mn(di gital terrain model)

ASouracfe dattaps: // mapy.geoportal.gov.pl/

AResul tSoSnica Waste Heap characterised by a relative
proporti-shopmwé admevas (50, 1%). S| opearske ed fo wna2r5e% tohfa nt h2e6
areBhe relative height of the spoil heap is about
sl opes of more than 74 % one percent . FI althet errersauilnt sc «
t he pegrec eonft aar eas with each | and degradati onemglaasrsy ar
visualization of the degradasi os eshowheisai tbdei i ger &
Alndicator @&wgl eatifors:l ope is one of the key deter mi
calcul ation method used, using DTM, makes it possi bl
relatively Ilittle effort. | nadriden yt @fcdmmrhelsed mpiev ¢ley
to analyse in detail ot her factors influencing slope
compaction, vegetation cover, etc.

Tal.ilParticipation of degree of | and degamalayd-mthnpmgt er ms

brownfield

Particifpgdti o

Degree of | and ¢ Threshal de SoSnica |[Skalny
Heap Heap
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Fid8Participation of degree of |l and degradation in ter ms

Legend
Case study

Arge of sope in degrees. (2022)
<=5

Fid9 Participation of degree of |l and degradation in ter

ALand degradataipopm opri ate condition for plant growth
ADescri pandnSurface Albedo (LSA) quamdfilfd etsed hkey ftrine t:

the Earth. Surface albedo plays a contr ol I-imducreal e
radiative forcing has a significant i mpact on cl i mat e
in surfacéaenergndbaarbon and water cycling. Sur f ace
type for natwural (e.g., wildwood) and artificial surf
besides atmospheric and &Je@atdatcioood.i ti ons, such as soi
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Al ndi claamad : Sur f a(cLeSA)I bedo

AMet hod€al cul ation based on satellite images

ASouracfe dlaamdsat 7 image, 27.07.2023

AResulTthe: LSA i ndigoatadr dshveewssi ty ilnt trheea calvreesa st haen all oywees
areas without vegetation and for areas where the ve:
SoSnica waste heap, low values are also identified i
wer e celdasassi fmedi um degradati on. Only in the case of
reaches the reference status for this indicator. Th
degradation class are summari zedyi nmishaliabtéeéolmelbdwt?
the site in tiex mshovwn girmmdtiteedtfsi gure bel ow.

Alndicator @&wel WwStAi dmidi cator is vereynab$ efdeinthdbygamwgst
without sufficient pl ant cover. What 6s mor e, the | ac
di stortion of the LSA value. Moreover, the area cover

the correctnassl pdi Sdhremdd.A

Tal.2Participation of degree of | and degradation in terms o
waste heaps as a result of LSA indicator analysis
% a@frea i n catego
fo d d Thresho
Degree o an val ue Bol esgaw gWaste Heap
Coal Min Coal Min

average val

-

Fi OLSA Indicator, W&esak Meap, SB83%nDTa2023
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ALand degr adataip@pmr opr i aplea ncto ngdriccwton f or

ADescr i fNtoirama:l i zed Difference Vegetation Index (NDVI)
di fference -breffwaereead newhi chreéfgectas)oansdtredgl yght (wh
Healthy wvegetation (chl-onbéphylkld) (NéR) ecatnsd ngoreee nn e airg

wavelengths. But it absorbs more red and bl ueec olliogghyt .
to monitor the growth and health of vegetation and t
al so be used to map and classify vegetation types, an
Alndi cMé¢romalDidddkrence Vegetation Index (NDVI)
AMet hod€al cul ation based on satellite images

ASouracfe dlaamdsat 7 image, 27.07.2023

AResulltns:t he case of the Wahsetree Heaaep cSeSmiloya vi si bl e ar
areas with only residual vegetation cover. Areas cl as
of its area. The Skalny Waste Heap (Bolesgaw $miag)
degradation, and over 15% of the area is above the ref
and good condition of vegetation. There are only smal
indicates a poor cowmdrtidheofeshlet planhttlke percent a
degradation class are summarized in the table bel ow.
site in terms of gradients is shown in the figure bel

Alndicator d&dwal WNatViloni:ndi cator for the analyzed areas
vegetation cover. I n the case of heaps, it can be us:«
of its occurrence. An i mportantpefraotdorf oirn whuach mdrei |
compa-riegdi s i mportant to compare satellite images for

TalH3Participation of degree of | and degradgtowihhiontamalsy ®
waste heaps as a result of NDVI indicator analysis

% of area in cat
Thr esha

Degree of | amd de Bolesjaw dWaste Heap
Coal Min Coal Min

val ue

average val
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Fi .INDVI Indicator, Waste Heap SoSnica Coal Min

ALand degr adataipgm opr i aptlea ncto ngdriaawtoln f or

ADescri plobromai i zed Difference Moisture Indget @aNDMh) usdke
combinati-onfohreda( NW&RY e aindf rsdhroed ( SWI R) spectral bar

of water stress in crops. The SWI R band reflects che
spongy mesophiyn |v esgtertuacttiuvorne canopi es, while the NIR
structure and | eaf dry matter content but not by wat
removes variations induced by leeafcoinnteenrtn ali nsptrrowd tnugr e

retrieving the vegetation water content.

Alndi cdearomal i zed Difference Moisture Index (NDMI)
AMet hod€al cul ation based on satellite images

ASourocfe dlaamdsat 7 i mage, 27.07.2023

AResullThe: NDMI values for both heaps correspond to area

content in the plant cover. This indicates | arge wate
order to deter mi ne atheanrhd ntihde tayv aoifl abhiel ihtayp iadaf water f
the value of this indicator for different periods in
value of this indicatorltis efxptlte eglerovemt a geneof Threa e
class are summarized in the table below. An exempl ary
gradiisntsdqrown in the figure bel ow.
Alndicator Ehal NBMi onndicator can be used to monitor t
indicating areas exposed to rapid drying, which creat
shoul d al ways be interpretMl iinndied attorondetoert mienivad ute
The usefulness of the indicator should be confirmed b
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Tal4Participation of degree iodapmamadpdiegtreadadn dint ii oin t fed Mmsp I

waste heaps as a result of NDMI indicator analysis
% of area in cat

Threshc = 1
Degree of [l and deg value| Bolesjaw dwaste Heap
Coal Mi n Coal Mi n

average val

Fi ®.2 NDMI I ndicator, Waste Heap SoSnica Coal Mi

5.1.3. Type of postmining area: Tailing

As parti ndfi ttalk@ i ngsoptehat honal tailings | oc &tk ean anleyasre dt.h e
The area is partially reclaimed (after the-ovemowalk eof a
from the processing of mi ned ore. They <consi st of gr
chemicals, orgdniuenmatitrem darmde effocess used to extract t
(coal ,)orAcetmul ated in constructed tailing idmgnsarieeaes.it
Aland degr sdatbiidriity | oss
ADescriptope: stability is key indicator of safety, ma
(risk of | oss safety in static and erosion potenti al

Alndi cAng@lre of slope
AMet hodS!|l ope edlesieP§Mn(di gital terrain model)

Research Fund Cefunded by the European Union. Views
for Coal & Steel those of the author (s) reafllye catndt ldos en o
Uni on or European Research Executive
the granting authority can be held re

Co-funded by
the European Union




-REECOL Del i ver a|bR aeg4s:.

ASouracfe dlattaps: // mapy.geoportal.gov.pl/

AResul Wsj agkai cihmgt erbiysead rel ative daepignifi ¢a@md- wi opo
sl ope ar easd o(prels, %) more tbaho®628Eegoe€esThhaer eraecisluilntgs aorf
percentage of areas with eammmaltianedddiegriabasiuahl € hla&lsd
the degradation of tkeisi sdoiwm tar mheof iguaecdi &rt ow.

Alndicator @&waleatifors:!l ope is one of the key deter min
calculation method used, using DTM, makes it possibl
relatively Ilittle effort. | nadridenyt @fcdmmrhelsed mpiev ¢ley
to analyse in detail other factors influencing slope
compaction, vegetation cover, etc.

Talb5Participation of degree of | and degrnaidnaitnigo nWuijne kt etramsl io
Degree of | and Threshkhal de % @mfrea i n ca

Legend

T2 Case study

Angle of slope in degrees (2022):
<=5 s

Fi g3Participation of degree of |l and degraciabhiong in ter

Land degr adataipgm opr i gtleandomgdiotwitdin f or

I ndi clagamd : Surface Al bedo (LSA)

Met hod€al cul ation based on satellite images
S

A
A
A
ASourafe dhamdsat 7 image, 11.10.2023
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AResulTthe: LSA indicator shows great diversity in the

L

areas without vegetation and for areas where the ve:

Wujek tailing, the | argest areas were classified as
terrain has |ight edegrthsdadfi onhsetmpemncsentThgerof areas
are summarized in the table below Tab. An exempl ary
of gmt@sliies shown in the figure bel ow.
Alndicator ®halusAiiomdbamaedéulcdbordwaste heaps. It al
sufficient plant cover. Similar as on waste heaps,
the LSA value. Further dattahusshedwlld ebses aorfallLySzAe d ntdd ccadr
Tal6Participation of degree of | and degradation in terms
tailing as a result of LSA indicator analysis
Degree of | and Thr eshol d| % of area i

average val

Fi@4 LSA Indicator, Wujek tailing, 11.10.

ALand degr adataip@pm opr i aplea ncto ngdrictwton f or
Al ndi clagamad : Sur f a(cLeSA)I bedo

AMet hod€al cul ati on based on satellite images
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ASour ce olfanddastaat: 7 i mage, 11.10.2023

AResulltns:t he case of the Wujek tailing most of the a
classified as high and meidtisunmardeea.r aNlecadr otchceu pbyo r7ddes so fo
values are higher, which is related to the presence
each |l and degradation c¢class are summarized inhehe 1t
degradation of the site in terms of gradients is sho
Alndi cator Asatbhetaonlyzed area has been significant!l
be verified wifphapkilebweaglest dtoeest ablish the correct
the indicator values and field observations are need

period for which theitesslimperthbnbemeagepabedet satseadr
of plants vegetation.

Tal.7Participation of degree of | and degradation in terms o
tailing as a result of NDVI indicator analysis
Degree of | and Thr eshwéaldul % of area i

average val

Fi 2. 5NDVI Indicator, Wujek tailing, 11.10.20

ALand degr adataipm opr i @tleando rgdiotwitdin f or
Alndi cMeromalDiZddkrence Moisture Index (NDMI)
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AMet hod€al cul ati on based on satellite images
ASorce ofadasat 7 i mage, 11.10.2023
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