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ABSTRACT 

	
After mining, rehabilitation needs to be done to make the site regain its original state. We captured data in this study using the Geographic Information System (GIS) and remote sensing techniques. This entailed the use of assessed satellite images (2014 and 2017) to quantify land cover change, supervised classification, and the Normalized Differential Vegetation Index Value (NDVI) in the area. The change in area per class was calculated: vegetation cover had reduced by 40%, bare rock by 75.4%, and scrub land by 15.26%. Built-up areas had increased by 41.8%. Open land is 92.3%. NDVI values showed that the mean value was 0.66 for 2014 and -0.28 for 2017. This indicated that in 2014 there was high vegetation, while in 2017 the vegetation cover had greatly reduced. From the above, it is clear that mining activities have contributed to changes in different land classes. Also, there is an increase in built-up areas due to the high population searching for settlements. This has led to a reduction in shrubs and vegetation, hence causing open land. In addition, abandoned mines were overlaid on the land cover map, and it was deduced that most of them were in shrubland, bare rocks, and open areas. The results provide information for decision-making by relevant institutions to instill proper mine rehabilitation in patients. These predictors, however, need further work to validate their reliability.
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1. INTRODUCTION 

The mining sector  has been relevant on economic benefits to a country by generating fiscal revenues and export earning [1], also brings economic growth and creation of jobs. Globally, mining industry has been viewed to have potential to foster economic development by providing opportunities for decent employment and business development, minerals produced have been essential building blocks for technologies, energy and infrastructure sectors [2]. In Germany for example  by the end of 1950s, the German coal mining industry produced 150 million tons of hard coal per year in 170 collieries with 600,000 employees [3], thus making mining industry a major economic pillar in the Country. Mining is defined as the extraction of valuable minerals or other geological materials from the earth, ore body, lode and reef [4]. In many parts of world, mining has been a major economic venture and in Africa small scale miners are scattered all over the continent [5]. In South Africa, mining industry has been an important component for economic development, infrastructure, and employment, however, such activities have  led relevant social and environmental effects  in the country that are not fully dealt with [6]. A study conducted  in Kyebi town in Ghana  showed  that mining activities were gradually destroying agricultural lands as well as crop production, gradually resulting in food shortage for the locals [7], therefore professional guidance is vital to reduce the negative effects to the local community and environment, this is despite the fact that mining is regarded as a global activity with much economic benefit [8].
Major mining activities in Kenya revolves around gemstones and industrial minerals. The mines are categorized in to one of the three categories; large-scale, small-scale or artisanal mines.
However, poor mining technology has greatly polluted the environment in the country. Study have shown that, Taita Taveta County (TTC) is geologically located within mineral viable belt commonly referred to as the Mozambique belt [9] therefore its known to be endowed with rich mineral deposits both industrial minerals and gemstones. This has greatly made TTC to be regarded as a major mineral hub in the Country, however, most studies regarding mining operations, had mostly concentrated on the investors’ interest which aims at mineral production, this at the expense of the communities living around the mining zones. As a result, little has been published on the spatial distribution of the abandoned mine sites and its effects to the Land use Land Cover in the area. The study not only identified the locations of the open pits but also found  different Land Cover Class change over the period between  the year 2014 and 2017 and the general vegetation change during the period. The research findings of this thesis can be utilized to reduce the risk resulting from the abandoned mine sites by advocating for site rehabilitation after mining activities.
Artisanal mining has been predominant in Taita Taveta County, this group of miners mostly uses crude materials and tools for mining, at this level miners encounter numerous challenges which [10] which  include;
•	Insecurity in the working area.
•	Lack of clean water.
•	Poor health and Personal Protective Equipment.
•	Lack of food.
•	Lack of proper mining equipment.
•	Inadequate mining skills and knowledge.
There are major companies involved in gemstone mining in the Taita Taveta County, which include; Rockland Mining Company, First Green Garnet Mining Company of Kenya, Aqua Mining Company, Baraka Mining Company, Classic Mine, Nadan Mining Company and Davis Mining Company. There are two major companies are involved in the prospecting and extraction of industrial minerals, these are Samrudha Mining Company and Nanak Mining Company, the former is engaged in iron ore mining in Kishushe areas of Taita Sub-County while Nanak deals with limestone in Mariwenyi areas of Mwatate Sub-County.
The Mining industry has for many years been dominated by men but an upsurge in mineral exploration backed by the aggressive sensitization by the local leaders has seen a number of women venture in to the sector.
Other mining related activities in the County includes Sand harvesting along designated areas and quarrying for building stones which mainly takes place Taveta in Sub-County.
Taita –Taveta County is endowed with abundant minerals. Some of the gemstones found in the area includes; Tsavorite, Red garnets (Pyrope, Almandine), Spessartine garnet, Tourmaline (Green, Black, Yellow, Bi-Color), Rhodolite, Sapphire, Ruby, Iolite, Spinel, Amethyst, Peridot, Pink Sapphire and Kyanite gemstones.
Tsavorite and Ruby are the most sought after globally, with the county being a major source of the minerals worldwide. Asia,  with Hong-Kong, India and Thailand being are  the major export market for the minerals [9].
Mining activities in Kamtonga and Mkuki areas have been taking place since the year 2000 and before, extensive mining in the area began around the year 2010 and by the year 2014 the population in the area increased drastically due to the intense mining operations and the high production involved.
The area majorly boasts of having a high-quality gemstone such as Tsavorite and variety of Tourmaline minerals. Kamtonga areas has Manganese minerals, which are yet to be quantified for mining purposes.
The major economic activities at Mkuki and Kamtonga areas before mining operations took over was ranching and farming, which mainly involved the rearing of beef cattle and crop farming respectively.
Mining method commonly used in the area is Open Cast mining method and to a smaller margin Underground method, in most cases they leave behind open pits which if not rehabilitated become dangerous to both human and wild animals.
Globally, it’s a requirement that after mining operations are closed, the land should be returned to its original state, a process referred to as post-mining rehabilitation. The newly enacted Mining Act, of Kenya 2016 makes it a mandatory for a miner to provide a rehabilitation plan before being granted the mining license, this clearly aimed at ensuring the land is returned to its original state after the vegetation is greatly destabilized during the mining process.
 Artisanal and small-scale mining often results in serious environmental impacts, which include damage to the landscapes  which is rarely rehabilitated after the mining operations are closed [11].  This affect the accessibility of some areas which were used for activities such as grazing which was the economic activity especially in the low land areas before mining activities were started. In his geological report on The Geological Evolution of the NE-Branch of the Mozambique Belt, [12] noted that parts of TTC has high and middle value gemstones. This further shows the county as important mining zone in Kenya. In their  research, [11] observed some environmental effects in most mining sites where he visited. Notable was large number of abandoned pits and tunnels, which are no longer productive. This poses great danger to both human and animals besides the areas may being used as hideouts for dangerous animals and criminals.
The paper highlight on the spatial location of the abandoned mines and how they affect the Land Cover Land Use in the study area over a period of time. The findings may be used by relevant institution in decision making and especially to enforce mine rehabilitation after the mining operations.

2. mETHODOLOGY

2.1 Study Area
Taita-Taveta County lies in the south-western part Kenya’s coast. The County lies between 370 35’ 20.51’’ and 390 13’28.40’’E and 40 08’ 42.34’’ and 20 44’38. It is located approximately 200 km northwest of Mombasa and 360 km southeast of Nairobi. The bordering counties includes; Makueni, Kitui and Tana River Counties to the North; Kwale and Kilifi Counties to the east and Kajiado County to the Northwest. The county covers an area of about 17,083.9 km2 of which about 62% or 11,100 km2 is within Tsavo East and Tsavo West National park. The lowland areas of the county that do not belong to national parks are divided to ranches, estates and wild life sanctuaries. The county has approximately 25 ranches though most of them are not active. The study will be conducted in Kamtonga and Mkuki areas where most of the mining activities in Taita Taveta County takes place.
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                                                                       Fig 1. Map of the Study Area
Chawia community draws its livelihood from rearing of livestock, peasant farming and artisanal mining [11].The  area majorly boasts of having high quality gemstones such as Tsavorite (Green garnet) and Tourmaline (Green, Yellow, Black and Bi-Color).In fact the first Tsavorite gemstone was discovered in these area. In addition, Kamtonga area has Manganese minerals, which are yet to be quantified. Generally, Taita-Taveta County is endowed with abundant minerals. Its geology falls into two categories; the Mozambique belt and Tertiary Volcanic belt. The Mozambique belt covers Taita Hills, Mwatate, Kasighau and Kuranze areas among others while the Tertiary Volcanic belt covers Taveta areas     
2.2 Methodology
[bookmark: _Hlk168409652]The research work was undertaken by utilization of GIS and Remote sensing data from the satellite images and undertaking of field survey in the study area.
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Fig 2. Methodology flow chart.

2.2.1 Satellite Data Acquisition 
Two Landsat images were used (years 2014 and 2017), they were acquired from the USGS image data portal through the link https://earthexplorer.usgs.go. The acquired images had a spatial resolution of 30 meters and thought the two images were from different years, they were relatively in the same season in terms of the month they were captured, that enabled them to possess same spectral and radiometric characteristics.  
Images acquired during dry season were preferred with cloud cover of less than 10%, dry season was preferred mainly because it made it easy to distinguish spectral signatures of different land cover types, especially bare areas.
                              Table 1. Landsat Images Acquired

	[bookmark: _Toc35639857]Satellite sensor
	[bookmark: _Toc35639858]Path
	[bookmark: _Toc35639859]Row
	[bookmark: _Toc35639860]Date acquired
	[bookmark: _Toc35639861]Resolution
	[bookmark: _Toc35639862]Source

	Landsat 8
	167
	63
	20141026
	30
	[bookmark: _Toc35639868]USGS

	Landsat 8
	167
	63
	20170916
	30
	USGS



2.2.2 Image Preprocessing 
The remotely sensed data were cropped to match the study area and geometrically corrected to the Universal Transverse Mercator (UTM) projection, zone 37 south. To facilitate analysis, individual Landsat image bands were stacked using QGIS 2.18.16 to create a composite band set. This allowed for various Red-Green-Blue (RGB) combinations to enhance interpretation of land cover classes.

2.2.3 Image Classification
Supervised classification was used for image classification by selecting training samples and classifying images based on them. The process involved three main steps: selecting training areas, generating signature files, and performing classification [13]. Training areas were selected using the image analysis toolbar, where polygons were drawn for each of the five land cover classes. These polygons were then merged into a single class. A signature file, which stores training sample data, was created using the “Create Signature File” tool. All training samples were prepared before generating the signature file. The study used the maximum likelihood classifier due to familiarity with the area and its accuracy in assigning pixels based on probability values [14]. The signature file served as input for classification. The output file was named and saved in the designated location. Results were displayed after executing the classification process.

2.2.4 LULC and NDVI Maps for the Study Area 
LULC maps for the years 2017 and 2014 were developed. The year 2014 was regarded as the base year when mining activities in the study area became intense, while the year 2017, mining activities were at the climax.
In both years, areas covered by different land cover classes were computed in Hectares.
NDVI maps for the two different years were also produced. The NDVI values ranges from -1 to +1, the positive value indicated active vegetation and negative value does not.
Analysis was made using the minimum, maximum and mean of each year from the NDVI imaged produced.

2.2.5 Accuracy Assessment
Accuracy assessment is an important step in data analysis, it helps in detecting the quality of the work done [15]. In this case overall accuracy was calculated. Producers and user’s accuracies were also calculated and kappa, which is a value depicting whether the classification accuracy is acceptable was also worked out. 

2.1.1 Area Change Detection of Different Land Cover Classes
After computation of areas covered by the land classes in the two different years (2014 and 2017), image differencing was undertaken in order to detect area changes in each land cover class between the years. Area change was computed and the results were either positive (in cases where the area coverage increased) or negative (in cases where the area covered reduced).

3. results and discussion

3.1 GIS and Remote Sensing Data from the Satellite Images

The results of the image classification for the LULC involving the years 2017 and 2014 was well documented and there after a comparison was done to access the area coverage change in each of the five land classes used in the classification.

3.1.1 LULC for year 2014
 
The year 2014 was considered as the base year when mining operations in the study area had started becoming intense, at that time vegetation disturbance was at minimal. LULC map for the year was developed as shown in the figure 3 below.
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                                              Fig 3. LULC for year 2014


Area coverage per land class was computed and recorded in the table below.
                                         
                                        Table 2. Area coverage per land class

	Class
	Value
	Count
	Area (Ha)

	Vegetation
	1
	23891
	2,150

	Bare rock
	2
	65779
	5,920

	Built-up
	3
	62151
	5,593

	Shrub land
	4
	133715
	12,034

	Open land
	5
	57804
	5,202




Results from the table above shows that in the year 2014, Shrub land occupied a larger portion of the land (12,034 Ha), followed by bare rock, built up and Open land in that order. Vegetation land had the least portion of 2,150 Ha.
3.1.2 NDVI for year 2014
NDVI map for the year 2014 was developed, values were ranging from 0.36 to 0.91
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                                                   Fig 4. NDVI for year 2014

3.1.3 LULC for year 2017

In the study, the year 2017 was considered as the year when mining activities in the study area was so much practised, LULC map for the year was developed as shown in the figure 5 below.
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Fig 5. LULC for year 2017

The area covered by each land covered class was calculated and recorded in the table shown below.
Table 3. Area coverage per land class

	Class
	Value
	Count
	Area (Ha)

	Vegetation
	1
	14579
	1,312

	Bare rock
	2
	16184
	1,457

	Built-up
	3
	88135
	7,932

	Shrub land
	4
	113306
	10,198

	Open land
	5
	111136
	10,002


The results from the table above indicated that the area under Shrub land was the largest (10,198Ha), followed closely by Open land (10,002Ha). The table further indicated Vegetation land cover was the least in terms of area coverage (1,312Ha) while bare rock had area coverage of 1,457Ha and area under built up occupied 7,932Ha.
Accuracy assessment performed after the classification and the results were displayed in the table below.






Table 4. Accuracy Assessment

	Class name
	Vegetation
	Bare rock
	Built up
	Shrub land
	Open land
	Total

	Producer’s Accuracy

	Vegetation
	29
	0
	1
	2
	0
	32
	80.05%

	Bare rocks
	0
	16
	0
	0
	2
	18
	76.19%

	Built-up
	4
	0
	34
	4
	0
	42
	84.74%

	Shrub land
	2
	0
	2
	39
	1
	44
	72.22%

	Open land
	1
	5
	1
	9
	85
	101
	96.59%

	Total
	36
	21
	38
	54
	88
	237
	

	User’s Accuracy
	90.62%
	88.88%
	80.95%
	88.64%
	78.70%
	
	

	Overall Classification Accuracy =82%
Overall Kappa Statistics=0.758




Accuracy assessment was conducted on one image, the 2017 supervised classified acquired image. The overall classification accuracy was 82% and the producer’s accuracies varied between 72.22% and 96.59% while the user’s accuracies varied between 78.70% and 90.62%.
Overall Kappa coefficient was 0.758, according to [16] it’s a moderate strength of agreement, thus the land use classification accuracy is acceptable.

3.1.4 NDVI for year 2017
NDVI map for the year 2017 was developed, values were ranging from -0.91 to o.35.
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Fig 6. NDVI map for year 2017


3.2 Area Change Detection between the years 2014 and 2017
Significant changes in the LULC in the study area was detected by computing the changes in the area coverage per land cover class, the results were as shown in the table 5 below.
Table 5. Area change detection between the years 2014 and 2017

	Class
	Area in 2014
	Area in 2017
	Change in Area

	Vegetation
	2,150
	1,312
	-8384(40%)

	Bare rock
	5,920
	1,457
	-4463 (75.4%)

	Built-up
	5,593
	7,932
	+2339 (41.8%)

	Shrub land
	12,034
	10,198
	-1836 (15.26%)

	Open land
	5,202
	10,002
	+4800 (92.3%)


Table 5 indicates there was a significant change in LULC in the study area, from 2014 to 2017 open land and built-up increases by a margin of 4800 and 2339 Ha respectively. The increase can be associated with the increase in the economic activities in the area which was previously ranching and farming but recently mining activities have increases.
The increase in mining activities has led to an influx of people leading to an increase in settlement pattern in the area of study, as the settlement pattern increases there is need for more shelter houses and road paths. This is well shown by the increase inbuilt up areas.
The increase in population when mining operations are on a rise means there will be conversion of other LULC land space to become settlement zones (built-up), this can be the general reason for the increase in built up and open land.
The results also indicated that there was significant reduction in Vegetation land (40%), bare rock (75.4%) and Shrub land (15.26%). The reduction in vegetation area covered was also indicated by the NDVI values between the years, results were outlined as shown in the table below.
Table 6. Summary of NDVI values between the years 2014 and 2017

	Values
	2014
	2017

	Minimum
	0.36
	-0.91

	Maximum
	0.96
	0.35

	Mean
	0.66
	-0.28


The table shows, the year 2014 had the highest average NDVI index of 0.66 while in the year 2017 the average mean reduced to -0.28.
This suggests that the year 2014 had a healthy vegetation cover in comparison to the year 2017 when the NDVI index declined. A healthy vegetation normally ranges from the positive values close to 1 [8]. It is known that NDVI value varies within −1 to +1. In general, values from −1 to 0 indicate non-vegetated area [17]. NDVI Therefore for the year 2014 with average mean of 0.66 depict a green vegetation cover as its closer to 1 and regarding the year 2017 when the mean average was -0.28 shows a remarkable reduction in vegetation cover in the study area.
The findings could be attributed to the influx of people in the study area, hence the creation for the settlement areas might have led to vegetation destruction. Mining activities could be a possible reason for the reduction in vegetation and the shrub land, this coincides with studied in Ghana whereby it was found that Mining activities is another significant driver to the decrease in Open and Closed Savannah lands in the area. The area is characterized by mining activities especially around BulenIga, Donfia, Mengwe and Donyoukuraa enclave [18] in those areas there is vegetation loss.
In the process of creating more settlement, shrub land areas could have been converted to open land areas thus reducing the land areas under the shrub land

3.3 Spatial Database of the abandoned mines in the study area
This was the first objective of the study that aimed to use remote sensing and GIS techniques in assessing abandoned mines, and determine its effects to the community. In achieving the objective Geographic Information System (GIS) was greatly utilized, abandoned sites were physically collected by the use of geographic positioning system (GPS) coordinates. During the field work, a data capture sheet was used to record information gathered from each abandoned mine, a part from the coordinates collected, other information captured in the data capture sheet includes; Type of the mine-Open pit/tunnel, Approximate depth of the mine, Ownership of the mine, Land status, last time the mine was active, type of minerals-industrial/gemstones, mineral mined and Accidents recorded in the –human/animals.
Captured data was later transferred to an excel sheet and then uploaded to arc map, each point was then converted to a shape file.  
Data captured at this point was clearly displayed under data properties in the form of attribute table, each attribute displayed information regarding each spatial feature.
Overlay of the data was performed to the LULC map of the year 2017, abandoned mine map was developed as shown below. 
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Fig 7. Abandoned mines map
The screen shot below displays data captured in a particular mine, highlighted by the light blue color.

[image: C:\Users\user\Desktop\Screenshot (69).png]

Fig 8. Screen shot of example data captured from each abandoned mine
The results from the map clearly shows that most of the abandoned mine sites are located in the Shrub land areas and few others in the bare rock and in Open land. This confirms the results from the classified data which showed there was reduction in Shrub land area in 2017 in comparison to the year 2014(reduction of 15.26%) and bare rock area reduced by 75.4%, vegetation reduced by 40%, contrary to these results open land increased by 92.3% and Built-up increased by 41.8% in area coverage.
Having most abandoned mines in the Shrub land explains the reduction in the its area, possibly in favor of the open land which has increased the highest, some of the bare rock areas has been mining sites thus the reduction in area. Increase in built up areas could have contributed to reduction in bare rock as most of the constructions have been done using the construction rocks and also weathering of rocks might have caused the reduction. Increase in built up might have contributed to the reduction in vegetation area to pave way for construction, this coincides with [19], in the study they found out that expansion of built-up areas led to addition of construction land and hence deforestation was involved in conversion of forests to open land.
During the spatial data collection, the study done noted that most of the abandoned sites were open pits which were of depth between 10 and 30 meters deep and some had even collapsed thus posed a great danger to both human beings and animals.

[image: C:\Users\user\Desktop\LALA SALAMA\IMG-20210603-WA0012.jpg]
                                         Fig 9. Abandoned mine in the study area

Ownership of most sites was unknown, information captured indicated that some of those sites were active many years ago when most of the current miners were not present. The study also confirmed that the study area involved more of gemstone mining than industrial minerals mining and minerals mined are mostly Green garnet and Tourmaline (variety of colors) gemstones. It was noted that some abandoned mines had already caused accidents involving both human beings and cattle. An elephant had fallen inside one mine.


4. Conclusion

The main aim of the paper is to highlight on the spatial location of the abandoned mines and how they affect the Land Cover Land Use in the study area over a period of time. The work was done through the use of acquired satellite data and site field visit to get GPS coordinates of the abandoned mine sites and other attributes of each site.
In analyzing satellite data, the year 2014 was used as base year when mining operations in the area were minimal and the year 2017 was the year when mining operations at Mkuki and Kamtonga were at their peak. Thus 2017 was the year which could denote measurable changes as a result of mining activities in the area.
Supervised classification was used to classify the satellite acquired images using five developed Land use Land cover classes. The classes were; Vegetation, Bare rock, Built-up, Shrub land and Open Land.
After the analysis was done for each year, difference in area coverage per class was calculated, results confirmed there was reduction in some classes and increment in some of them. Notably Vegetation cover had reduced by 40%, bare rock reduced by 75.4% and Shrub land had reduced by 15.26%. On the other hand, built- up areas had increased by 41.8% while open land had increased by 92.3%.
When NDVI values were calculated for 2014 and 2017, it was found that the mean value was 0.66 for 2014 and -0.28 for 2017.  The result indicated that in 2014 there was high vegetation while in 2017 the vegetation cover had greatly reduced. This concurs with [18] who noted that, there was reduction in healthy vegetation as the mean values had reduced from 0.04 to −0.02, healthy vegetation ranges in the positive values close to 1.
The increase in mining activities in the area is a major factor contributing to the changes in different land classes, such as the increase in built-up areas which results in increase in population contributed to reduction in shrub land and Vegetation in order to get more space for both construction and settlement which in turns causes increase in open land. 
The study found out that it’s very hard to get information regarding the ownership of the abandoned sites, mainly because some of them were active many years back when most of the current occupants were not living there. Most of the abandoned sited were dangerous open pits and of which from the data captured some sites had previously been the cause of accidents to the community members and grazing cows.
Data captured was over laid in a 2017 Land Use Land Cover map and it was noted that most abandoned sites were in the shrub land, bare rocks and in open areas.
The study found that the community was willing to be enlightened on how to conserve the environment and reduce the risks associated with the abandoned mines and mining operations as a whole.
The research work has shown there is notable negative effects emerging from the abandoned sites in the study area. Despite the many valuable minerals produced in the area there are adverse effects of abandoned sites after extracting the minerals.
The community may not have benefited from government (national and county) intervention despite numerous complaints because of lack of data on abandoned sites. 
The study provides a spatial data that can guide the relevant institutions on how to mitigate effects of the abandoned mines and enforce proper mine rehabilitation after mining operations are closed this enable the quality of environment to be as it was before the operations

5. RECOMMENDATIONS

The paper makes some recommendations which aims at having conducive environment after the life of a mine come to an end leaving the community without negative effects.
(i) There are a few abandoned mines whose ownership have been ascertained and should be followed up to undertake rehabilitation measures.
(ii) The county and national governments should sensitize the mining stakeholders on the importance of having mine rehabilitation plan before mining operations are undertaken.
(iii) The ministry of mining should not issue a mining license to individuals or companies without a proper and well documented rehabilitation plan.
(iv) The use of GIS and remote sensing should be encouraged in the field of mineral exploration as it provides ability to observe and collect data from larger area within a short time.
(v)  The National Environmental Management Authority needs to regularly conduct environmental assessment audits and take action on mining sites that do not comply with the regulations.
(vi) The local community and other stakeholders should be involved at the initial stages of mining planning.
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