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SUMMARY

The degraded areas within and around mining sites have raised some serious issues of great
concern to the environment. Some of the major geospatial issues are the accurate delineation
and usefulness of the degraded sites, and the nature of the teredatiamto the degradation.

This study thus analysed the geometrical characteristics of rimdniged land degraded areas

of the Jos South LGA of Plateau Statgeria. The degraded sites of the study area were
assessed using mufiensor satellite images of Landsat 8 (2016), SPOT 5 (201and
Quickbird-2 (2010) The onscreen digitization of the land degraded asaasarried out using

the Quickbird2 satellite imagery which was followed by the Maximum Likelihood Supervised
classifications of land c&r and land degradation features using the Landsat 8 and SPOT 5
imageries to determine the area of land that had been affected by-muohilegd activities. The

results of the study revealed that there were [2B8 degradedites with a total area of
11.8km?2 and covering about 2.26 % of the study area. The study also showed that the degraded
sites were classified into 13 classes based on their (Seiee Mine sites, Agricultural Usage,
Dormant, Fencing, Fish Stocking,

Inundated seasonally, Irrigatio@wnership, Partial inundation, Resort Centre, Tree planting,
Waste dumps/Tailingand Water treatment] he results of the Land Use Land Cover (LULC)
classification revealed a total land cover of 512.1Dkvith mine ponds occupying about
10.01kn?. It was lowever suggested that certain land uses such as block industries, water
treatment plants, and fish farms should be sited around the seasonally inundated mine pond, as
well as the implementation and enforcement of the existing mining laws at all levels to
safeguard the environment.
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1. INTRODUCTION

Land is one of the greatest tangible asaptl foremost natural resource, but not a resource that
automatically renewitself just like rainfall or sunlight, nas it a simple commodity that can

be warehoused and replaced, destroyed and redesigned, or recycled the same way-as factory
made goodsTheFood and Agricultural Organization (FAO) descriltleeland as an area that

can be delineated, including all features of the biosphere immediately above or below the earth
surface, comprising the soil, terrain, surface hydroltlgg,neaisurface climatesediments

and associated groundwater reserve, the biological resources, as well as the human settlement
pattern and infrastructure resulting from human activity (FAO, 20A8Hditionally, the
International Labour Organisation (ILO, 2007) reported that a major function of land to man
is, agricultural activitieghatare carried out on it; this includes the food we eat and also provide
the principal basis of living to 36% of the world's total iforce. Land that suffered from

man's activities may be described as spoiled or degraded, disturbed or devastatedpderelict
damaged (Henssen, 2019ne of the major threats to the land is degradation because it
destroys land resources (Christophed, 20

Degradation signifres aak 0 rdendtesd tprokbem @maoating | e s
from the land usage, whereth® rank is a gauge to quantify the problem (Piers and Harold,

2015). Among other things, the output on degraded land is lesser than that on the same land
short of degradatio.herefore, dgradation is a result of several forces, rather dmreway

path; t is a product of an equatigseeEqn. 1) where both human and natural factors bargain

a place (Piers and Harold, 2015)
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The term degradation is perceptual and denot
As a perceptual term, however, it is opemidtiple understandings. To a hunter or herder, the
replacement of forest by grassland with a greater capacity to carry ruminants would not be
perceived as degradation; nor would forest replacement by agricultural land be seen as
degradation by a settlinfarmer. Degradation is a perceptual term; hence it has diverse
formations such as forest, soil, land, water, vegetasind environmental degradations (Piers

and Harold, 2015Degradatiortan also be describedthg consequence of physical, chemical

and biological shifts determined by environmental, sqcaid economic forcegUnited

Natiors Environmental ProgralfflUNEP], 1992). It thus covers the various forms of soil
degradation, adverse human impacts on water resources, deforestation, and lowering of the
productive capacity of rangelands.
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Leonardet al.,(1989) as cited in Maiangwet al.,(2007) reported that some studies show that
nearly 80% of rangeland and dryland forest areas, 30% of tropical forests and around 50% of
all irrigated cropland in developing countries are classified as degidoeever,Ravishankar

and Sreenivas (2015) stfied that there are several methods in which land degradation
emerge: these comprise wat erosion, wind erosion, walegging; acidification, and
anthropogenic (mining, brick kiln, and industrial effluaftected areas).

Mining and itssubsequent activities have been found to degrade the land to a momentous
amount (Sahu and Dash, 2011). Nevertheless, of these processes, the most noticeable in Jos
South is the degradation owing to mining activitifeper mining started on the Jos Platea
asfar-off as 1902 forTin and Columbite as the foremost targets (Gyang and Ashano, 2009).
Some of these mining activities commonly referred to as informal or artisanal mining activities
are still being carried out extensively in the study akéiaing explorationandexploitation,
andtheprocessing of tin ore known to be associated with the alluvial sediments have left behind
numerous ponds, lotto, and mining pits, as well as hefapsne waste in thetudy areaThis
harmful impactalso comprises landdegradation, mutilation of natural landscape and
vegetation, erosion of sojland degrading water qualiffhere are also problems of devastated,
derelict lands and mine spoils depriving the inhabitants of fertile farmland in the study area.
This is evigknt by the physical appearance of mining ponds, pollution by poisonous metals,
erosions, and waterlogging in the area.

Related researches have been carried out in the past (Jonathan and Joshua, 2013; Edun and
Davou, 2013; Adedept al, 2014; Igbokweet al,, 2008; Haruna and Solomon, 2011). These
researctattemptamostly centred on the assessment of the effects ohpiogtg activities and

gully erosion on the environmeriajor issues such as how accurate are the degraded sites
being delineated; the features of the degraded sites and their economic values; the relationship
between the nature of the terraamd the degiation have yet been adequately addressed
Moreover, most of these reseaattemptsvere based on pixddased supervised classification

rather than delineation; these might have resulted in poor or mixed pixel classification, and the
possibility of inaccrate delineation because of the lower resolution of satellite imageries used
(Graw et al, 2015. Therefore,this study focuses on thanalyss of the geometrical
characteristics of mininghduced land degraded areas of the Jos South LGA of Plateau State
Nigeria. This is achieved throudghe delineation and classification, and determination of the
usefulness of the degraded areas in the neighboudfdbd mining sites

1.1 Study area

Jos South Local Government area covers a total area of 512 Wie3 betweenLatitude
(9°34'22"and9°54'40") N of the Equatoand Longitud€8°39'55" and 8°59'13'E of the Prime
Meridian,andwith an average altitude of about 1280m above sea level. The area is bounded
in theNorthwest by Bassa L& in theNorth by JosNorth LGA, in the East by JdSast LGA,

in the Southeast by Barkin Ladi I&Gand Riyom LG\ in the Southwest (see kigg 1). The
National Population census projected figwkthe areawas 407,%00 asof March, 2056
(Brinkhoff, 2017).The tuman population density of the area stands at 778 inhabitants/kmz. It
has a cool climatic condition known as mountain climate, due to its altitude. November to
Februaryis normally the peak of cold period whereas March and April are a warm period
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before tle onset of rainwith 18°Cbeingthe average mean daily temperature, reaching up to

36 C. The mean annualOtorld6000Mmih & year @awngere 2012%).r om 1
Northern Guinea Savannah vegetation is found in the areah&iévailability of tres such as

Eucalyptus MangoesShrubs and other grasséggricultural activities also takplace in the

area especially near some inundated mine ponds (Dawen, d0E2Berom are the largest

ethnic group in Jos South LGA in Plateau State, with Hausa iFilaruba, Igbos, and other

tribes beliged to have settled in the amharing the mining boom. Farming is still taking place,

with maize, yam, cocoyam, sweet and Irish potatoes, Guinea corn and millet being the major
crops cultivated A variety of vegetables such as onions, cabbage, green pepper, carrots,
cucumber peagtc. are also being cultivated (Macketyal.,1949).

= = 470000 480000 490000 500000

1090000

1090000

1075Q00
1075000

1060900

Total Area: 512 km?*

470000 480000 4900b0 50001

ot~ \ - Scale

— SoumLGA Boundery i 1:?00?00.

(b) ';H_ ‘;‘:‘ i 5 & 210
e ——— o (c) [Cewseniar e 1984 UTM Zone 32N

km

Figure 1 StudyLocation: (2 Nigeria(b) PlatealState (c) Jos South LG@Bala, 2018)

2. MATERIALS AND METHODS

2.1 Materials

The software used in this study include the WinRAR version 3.7, MapSource, ERDAS Imagine
9.2, ArcGIS 10.4.1, and Microsoft office processing tools (Excel and Word) 20b&.
equipment, tools and devices used for thédferk include the Garmin Handheld GPS
(76CSX) receiveratopographic sheet of the study area, digital camera,-a@tcemeasuring

tape, and field record book.
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2.2 Methods

The reconnaissance survey and field familiarisatibthe study areaerecarried out as the
first gep of the research. Theorkflow diagramin Figure?2 is in three sections according to
the stages adopted. The first stage esdadlata collection (thgrocessof acquiring data
necessary for the researciihe pe-processing rad correction for errors of both the SPOT 5
and Landsat 8, were then carried out, trailed by layer stacking and merged resolution. Ground
truthing and signature extractiomere then carried out prior to the supervised maximum
likelihood classification ofiie imageryandthe accuracyof the classification was assessed
The second stageasthe preprocessing and correction for errors, mosaicksugpsettingand
layer creation ohigh-resolutionQuickbird-2. Thiswas followed by orscreerdigitisationof

the degraded sites. The final produstere the maps of the degraded sites together with
analyses of their attributes.

Data Acquisition
______________________ by oy
Phase 1 Phase 2
SPOT5: and Landsat8 J__ Quickbird-2: 0.6m _J__
e : 0.

1

: Digital imagepre-processing and Mosaicking
I [ mronara tHone Sub setting

Laver creation

Ground truthing Signature
extraction fraining samples)

Onscreerdigitization of
land degraded sites

Supervised classification
(maximum likelihood) and

arriiraryy accacemant

| Vector base Man

| Clascifird man |

Phase3
Analysis of classified magndvector based map.

Figure 2: Methodology workflow diagram (after; Bala, 2018)

2.3 Data Sources
The datasets utilized in this study include remsémsing, ancillary data and numerous
facilities, software, and tools (see Tablel).

Tablel: Datasetand Sources

Data Name Resolutio Data Data Source Purpose Description
n Date
SPOT5 25m 7/12/20 Office of the Land 3 bands multispectral
12 SurveyorGeneral of degradation image: NIR, red and
the Federation mapping and green
analysis
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Landsat 8: 15, 30& 11/2/20 http://www.glovis.us Collateral data 11 bands multispectral

OLl and 100m 16 gs.gov/ for land imageacquired by OLI
TIRS degradation  and TIRS

mapping
Quickbird 0.6 meters 2010 National Centre for Data for 3-band multispectral
image Remote Sensing, Jo¢ polygonising image: NIR, red and

the land green.

degraded sites
Nigeria - - National Centre for To demarcate Jos South local
administrativ Remote Sensing, Jo« the study area government boundary
e map shapefile
(Shapefile)
Google Variable 2016 http://www.google.c Ancillary data Quick look mone
Earth Pro resolution om/earth/download/c for land cover spectral image displayec
7.1.2 2041 elagree mapping over red, green and blue
imagery colourgun

2.4 Ground Truthing and Data Collection

Site visisand data collection were done in two phases: the reconnaissance survey, and the data
collection for Ground truthing. Two dayd exploratory reconnaissance field surveys were
conducted. Firstly, to assess whether the areas degraded and devastatedrih studying,

and secondly, to get familiarized with the general conditions in the area. Most of the places
visited are areas affected by land degradation due to mining activities over time, and erosions.
After the reconnaissance survey, grodndhing was conducted in order to reconcile the
features on the satellite imagery with the corresponding features on the ground.

In addition to thegroundtruthing at each degraded site, coordinates were observed and
recorded. Photographs were taken duriregfibld survey. The photographs were intended for
satellite imagery interpretation, identification of land degraded sites and photographic evidence
of land degradation in the study area. Some of these photographs were incorporated into the
GIS database, getagged to each degraded site.

2.5 Data Attribute Handling , Encoding, and Digitization of Degraded Sites

The coordinates of land degraded sites (abandoned mine and gully erosionwsres)
downloadedising MapSourcamported into Microsoft Excednd exported té\rcGIS. These
coordinates were used for two purpodestly, for on-screen digitization (polygonization) of
the degraded site in the neighbourhood of the pointssandndly,as samples for training
maximum likelihoodsupervised classification of various degraded sites.

The adopted éadsup digitizing involves displaying the digital images fransatelliteon a
computer screen and drawing polygons around the land degraded site boundaries and
classifying (labelling) thenfwang and Christiano, 2005). This method permits the interpreter

to have a fareaching control over how the degraded land is delineated and classified. On
screen digitization of degraded sites was carried out on top of the Quikbirdgery in

ArcGIS wakspace Thereafter, the polygons were classified.

2.5.1 Classification of degraded sites based on features
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TheNigeria Erosion and Watershed Management Project (NEWNA#®RYia was adopted for

the classification which is based on their functiofsis is the criteria usually employed in
carrying out ecological projects by the agesfeEWMAP, 2017) it is based on the rule of

thumb, where each individual site was assessed based on its nature. The sites were characterised
into agricultural,irrigational, recreational, fish stocking, inundated and fenced afdgs.

overall degradation rate was deduced using the formdawuyi, 2009)

00 QI @RAa OQHRNOHDE 0690 cptmm  (Eqn.2)

2.5.2 Mapping clusters of degraded sites

The Optimized Hot Spot Analysis and Ge@sd Gi* Hotspot Analysis tools in the ArcMap
environment were used to analyse clustering, spatial distributions, patterns, and relationships
between the degraded sit€aordinates of each degraded site were used as the input features
for the analyse Fishnet polygons mesh of dimension 1km by 1km were overlaid on the
incident point (coordinates of degraded si@aja and the number of incidents within each
polygon cell of the study area were counfBde mathematical expressions for the Gétid

General G statistical computations are stated in equatiegs3], (Eqn4) and Eqnb)
respectively.

0" P F (Eqn.3)
B h B A
or 2 (Eqn.4)
(Egn.5)
B
Where:

Xi = the attribute value for featurgwyij = the spatialveight between feature i angn = total
number of features.

2.6 Land Use Classification in the Neighbourhood of the Degraded Area

To relate the degraded areas to the neighbouring land use, land use classification in the
neighbourhood of the degraded areas were carried odprétressing of the imageries were
carried out, followed by merge resolution of Landsat 8 and SPOT 5 imagerkthe
subsequent analyses to detect and map degradation features. Layer stacking was carried out for
bands 17 and 9 of the Landsat 8, excluding bands, 8, 10 and 11. This is because band 8 is of
15-metre spatial resolution, whereas 10 and 11 are Theinfahred (TIR). Atmospheric
correction was done on the SPOT 5 image to correct for atmospheric effect (clouds or haze).
Image fusion was used for the improvement of Landsat 8 (30m) resolution with SPOT 5 (2.5
m) image (Olumide, 2007).
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2.6.1 Imageclassfication

In order to extract important information from the SPOT 5 and Landsat 8 multispectral images,
the images were classified. The training sites corresponding pixels were selected and spread
throughout the study area. In addition, Google Earth inyageR016 was used ascillary

data to give information and support interpretation of the latest degraded sitesofdiaates
collected duringhe reconnaissance survey were plotted and appeardidferentland cover

and degraded sites on the mergaddery. The six (6) identified and selected classes are shown
in Table2.

A supervised classification was performed using the Maximum Likelihood Classification
algorithm. It was chosen as a parametric (probability that a pixel belongs to a particslar clas
decision rule (Campbell, 2002)The Kappa statistic and the overall accuracy of the
classification were assessed as describe@dpa (2008).

Table2: Adopted landClasses

Training Code Colour Description
sample assign
Mine pond 1 Blue Land surface occupied by stagnant water body without tributaries wil

arecaused aaresult of excavation/mining of earth material e.g. lake,
waterlogged area.

Settlement 2 Red Places where commercial, industrial, residential and government
facilities are erected.

Bare exposed 3 Gray Land consisting of rocky and stony materials.

Rocks

Farmland 4 Lemon Land occupied or related to agriculture or farming activities.

Bare degraded 5 Yellow A baresurface that consistd exposed excavatezhrth surface material

land ish with no vegetation. Open space and cleared area with no permanen
water bodies.

Vegetation 6 Light Land consisting of shrubs and other vegetation which is not used fol

green  farming activities.

3. RESULTS AND ANALYSIS

3.1Mining -Induced Land Degradation Sites

3.1.1 Landdegradation asbserved in théield

The detection of land degradation features is directly linked to the surface features affected by
mining activities. Thecharacterization of land degradation in the area was straightforward
(based on field observation). One of the observable indicators of land degradation in the study
area is the sign of extreme ponding and gullying, which is very prominent, exposing sub
suiface areas. Tk could be due to excavatiomin mining activities and the topography of the
area(Figure 4. There aredhugedeposits of mining wassasnear some of the abandoned mine
ponds, and logging of water farelative period which affect the valaed usefulngs of the

land, especiallghosefor economic purpose It was almost impossible to assess the depth of
gully areas because of seasonal inundation in most of the sites. It was also obsethed that
removal of topsoil while mining for preciousetals affected most of the surrounding
agricultural fields, which resulted in land degradation. Inadequate rehabilaatiorestoration

after the closure of mining sites also led to the degradation of some sites while in other
abandoned mined areas, thieucalyptus trees were planted as a means of rehabilitation. The
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high altitude of the area and steep slopes make water erosion common, especially in the rainy
seasonlt was observed that mining activities were still going on in some &ithe timeof
the visit(Figure 5.

)',.

- >

Figure 4 Active Mining Site at Kuru Janta Mines (10/11/2015)
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Figure 5 Searcﬁin~gfor Tin and Columbite at tt’léayfieesortCentreSite (03/062015)

3.1.2Demarcation andelineation ofdegradedsites

A total mining-induced land degraded sites of 235 withotal area of 11.58 km#vere
delineated and classified based on their usages, functions, features and economic potentials
The results produced indicated that most of the sites are seasonally inundatediaathuses

such as irrigation, fish stocking, agricultural and recreatiantiVities Ten major degraded
siteswere summarized in Tab® Theseten sites constitutka total area of 22km?2 Hence

the total percentage of the ten degraded areas is

60 Qi G@al HQHRNORNE 6-6"0e—"— dp T T=17.43%
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Table3: SummaryDescriptionof Ten (10) Selected Major Degraded Sites

S/No Name Total Area  Coordinates ~ Remarks
(km?)
1 The Rock and Clay Industry 0.66 9°41'49.12"N; Active lllegal mine site
Limited Mines 8°51'30.45"E
2 The Healthy Body Clinic site 0.01 9°45'24.10"N; Resort centre; Block Industry;
8°50'38.36"E  seasonal inundation
3 Rayfield Resort centre 0.53 9°50'24.91"N; Resort centre; lllegal Mining
8°55'0.62"E
4 Dorowa Congo site 0.02 9°46'51.12"N; Seasonal inundation; used
8°52'25.53"E landfills; settlements built nearby
5 Zawan site 0.03 9°45'34.33"N; Seasonal inundatioathreat to life;
8°51'51.87"E  partially reclaimed
6 Consolidated Tin Mines Pond 0.03 9°47'7.47"N;  Seasonal inundation; partially
8°51'38.05"E  reclaimed through stone pitching
7 Jos International Breweries  0.17 9°51'37.91"N; Water used for block industry;
Mines Site 8°54'26.95"E
8 Yelwa Ponds Sites 0.05 9°48'5.40"N;  Water treatment plant; block
8°52'30.25"E  industry
9 Rahwol Kanang sites 0.49 9°48'14.70"N; Irrigation; Fish stocking; farming
8°54'3.77"E
10 RennajFish and Integrated 0.04 9°48'44.22"N; Fish stocking; Farming; Source of
Farm Limited Pond 8°54'20.07"E  water

Total Area | 2.02 km?

3.1.3 Field photographs and geotagging

The photographs integrated into the GIS database and geotagged to each degraded site can
easily be queried as shownkigure 6andFigure 7 The outcomeaidedin describing the

true nature and photographic evidence of land degradation of the sites.
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