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INTRODUCTION  
 
Quarrying is a common land use activity that involves the 
extraction of building materials such as stones, sand, and 
gravel. Globally, most established quarries produce either 
dimension stones or aggregate (Umar, 2022). Dimension 
stones are natural, structural and decorative building 
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Abstract 
 

The contribution made by stone quarrying to the Gross Domestic Product 
(GDP) in many countries globally is enormous. Whether small or large
stone quarrying is inherently disruptive and can cause detrimental effects 
on the fragile riparian vegetation. This research 
determining the status of riparian vegetation between 2000
Molo and establishing the effects of stone quarry works on riparian vege
tation. A descriptive survey design was adopted where 404 household
were randomly sampled from a total of 35,545 households in Visoi, Soin and 
Mosop wards. 15 key informants were purposively sampled

uestionnaires, interview schedules and Geographical Information System 
(GIS) and Remote sensing (RS) instruments were 
The obtained data was analyzed using SPSS (Version 
remote sensing (time series) to analyze changes in riparian vegetation using 
the Normalized Difference Vegetation Index (NDVI). The findings revealed a 
significant decline in riparian vegetation attributed to land use changes 
driven by poor agricultural practices and quarrying
purposively selected quarries were found to be located
meters away from the river, where one was abandoned with no sign of 
reclamation, thus directly affecting the health and integrity of the riparian 
vegetation. It was also noted that massive heaping of quarry overburden 
and deep excavation accelerated felling of 
regeneration and increased soil erosion. These findings will be useful to 
inform the best quarrying practices to reduce detrimental impacts on 
riparian vegetation and a foundation for policy development 
sector at county and national level. 

Keywords: Geographical Information System, Normalized Difference Vegetation 
Index, Riparian Vegetation, Quarrying 

Quarrying is a common land use activity that involves the 
extraction of building materials such as stones, sand, and 
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blocks used in the construction industry (Gonçalves 
Margarido, 2015). However, traditional architecture; (the 
use of mud and wood to build houses) is fast 
disappearing due to neglect of culture and increased 
urbanization  where  most people in both rural and urban 
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setups are now embracing stone-built houses (Ikudayisi 
and Odeyale, 2021).  

Substantial increase in natural stone extraction has 
been witnessed over the last decade owing to the 
increased construction activities worldwide (Awoke, 
2019). Although quarrying is associated with poverty 
(Asante, Abass and Afriyie, 2014), most rural residents 
derive their daily income from quarrying activities. 
Sayara, (2016) also found that quarrying of stones 
contributed to 5.5 % gross domestic product (GDP) in 
Palestine in 2015. 

In Sub-Saharan Africa, quarrying activities have 
expanded without adequate regulatory frameworks, 
leading to severe degradation of riparian ecosystems 
(Nartey et al., 2012). This is largely attributed to rapid 
urbanization and the demand for construction materials 
have exacerbated the environmental impacts of 
quarrying.  

In areas such as East Africa, riparian zones have 
been significantly altered due to extensive quarrying, 
threatening the livelihood of communities dependent on 
these ecosystems for water and agriculture (Lameed& 
Ayodele, 2010). Land degradation aggravated by 
quarrying activities have rendered relatively large land as 
derelict (Omondi et al., 2021). Similarly, intensive land 
uses such as agriculture, construction and quarrying 
negatively affects riparian vegetation and results to 
decline in riparian vegetation species (Koskey et al., 
2021). 

Riparian zones are dynamic ecosystems that form at 
the interface of a landscape's aquatic and terrestrial 
components. They are shaped by complex interactions 
between river system biophysical components such as 
hydrology, geomorphology, and vegetation (Rusnák et 
al., 2022). Healthy riparian forests are essential to the 
maintenance of water quality and biological integrity in 
surface water systems, and their destruction often leads 
to subsequent degradation of adjoining aquatic 
ecosystems (Naiman, 1997). 

According to Statista (2022) quarrying and mining 
industry contributed 91.8 billion to the Kenya’s economy 
in 2021 which is a substantial increase from 68.9 billion in 
2018. However, Eshiwani, (2007) noted that most 
quarrying activities in Kenya are carried out unsus-
tainably, indiscriminately and uncontrollably escalating 
more negative impacts on riparian systems and the              
total environment. This finding corroborates with            
other research done by Mwaura, (2013) and Kosgey, 
(2021).  

Nakuru County is endowed with enormous natural 
resources such as the scenic Lake Nakuru Park, Mau 
Forest complex, valuable rocks, geothermal resources, 
river ecosystems and other resources. However, these 
resources have been experiencing anthropogenic 
pressure such as stone quarrying particularly along 
riparian areas like the Ndarugu and Malewa rivers hence  
leading  to  riparian  vegetation   stress   and   increased 

 
 
 
 
sedimentation in Lake Naivasha, Lake Nakuru and other 
local water bodies (Mwaura, 2015). The water quality and 
aquatic life have been affected hence indirectly affecting 
local communities who rely on these resources for fishing 
and agriculture. 

Rongai Sub- County is known to have many quarries 
especially along the R. Molo ecosystem which traverses 
through Kuresoi, Molo, Rongai, Mogotio and Baringo 
south Sub-Counties. These quarries are not well 
regulated and mapped hence accelerating unsustainable 
quarrying methods. Public participation as an approach 
for environmental management has been limited and not 
well coordinated exacerbating serious degradation 
(Mwangi et al., 2020). Thus far, there is need to strike a 
balance between enhancing quarry activities to improve 
people's livelihoods and improving the environment 
through holistic approaches (Dar et al., 2023). 
 
 

Statement of the Problem 
 
The contribution made by stone quarrying activities to the 
improvement of livelihoods in Africa is enormous 
(Mingate and Mohammed, 2016). The demand for 
building materials such as dimension stones and 
aggregate have been growing day by day exerting 
pressure on natural resources.  

Despite of the existing policies in place to control 
quarrying activities, illegal quarrying activities have been 
taking place thus, causing detrimental effects on 
environment, particularly in riparian ecosystems. Addi-
tionally, there is little knowledge on the effects of 
quarrying activities on the delicate riparian vegetation 
which play a vital role in ecosystem functioning and 
health. 

This research seeks to ascertain the status of R.Molo 
riparian vegetation between 2000-2023 and determine 
specific impacts of stone quarrying in Rongai Sub-County 
on the riparian ecosystem. Moreover, the study will blend 
field surveys, Geographical information systems and 
remote sensing to acquire accurate and useful data. 
 
 

Research Objectives 
 
1. To determine River Molo riparian vegetation status 
between 2000- 2023 in Rongai Sub- County, Nakuru 
County. 
2. To establish the perceived effects of stone quarry 
works on R. Molo riparian vegetation in Rongai Sub- 
County, Nakuru County. 
 
 
RESEARCH METHODOLOGY 
 
Study area  
 
The    study   was  undertaken   in   Rongai   Sub-County, 
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Figure 1. Study Area Map 

 
 
 
located in Nakuru County, Kenya. It is situated along the 
A104 road and the railway line connecting Nakuru to 
Uganda with a geographical area of 988 km

2
. The 

Geographical Positioning System (GPS) of the study area 
were between 0° 3'0.41"S, 35°57'16.17"E and 
0°11'50.04"S, 35°50'1.60". The sub-county has an 
elevation of about 1,912 meters characterized by 
favorable climate with varied topographical elevations. 
Figure 1  
 
 
Research Design 
 
The study adopted a descriptive survey design that 
portrayed peoples' opinions and the researcher's 
observations. The design was also useful in drawing 
conclusion of the study. 
 
 
Target Household Population  
 
The study targeted 35,545 households in Visoi, Soin and 
Mosop wards. These wards were purposely selected 
because River Molo flows through them, and the primary 
quarries of interest are situated within their boundaries. 
 
 
Sampling Procedures and Sample Size 
 
The researcher used random sampling technique in 
selecting 404 head of households to be engaged during 

questionnaire survey process and  15 key informants who 
were purposively selected for interviews. The sample size 
was arrived at by using Yamane formula (1967) as 
follows: 
n =      N 
      1+N (e^2) 
= 35,545  
1+35,545(0.05) ^2 
n= 404  
Where; 
n- Sample size 
N- Target population 
e- Confidence level (0.05) 
Proportionate sampling method was employed to 
determine the head of households’ sample for each ward 
as shown below: 
Visoi -14904/35545*100=169 
Soin- 10184/35545*100=116 
Mosop- 10457/35545*100=119 

The chiefs, public health officer, environment officer 
from Nakuru County and NEMA official were selected 
because they were knowledgeable about quarrying 
activities in the area. Table 1 
 
 
Research Instruments 
 
structured questionnaires were administered to 404 head 
of households in Visoi, Soin and Mosop wards to capture 
their views. Additionally, key informant interview 
schedule, Geographical Information System and Remote 



 034 Merit Res. J. Agric. Sci. Soil Sci. 
 
 
 

Table 1. Key Informants
 

Key Informants 

Chiefs 

NEMA Official 

Public health officer

Environment Officer

Total 

 
 

 

Figure 2

 
 
 
sensing were used to acquire relevant data for analysis.
 
 
Data Analysis 
 
Geographical Information System (ArchMap
sensing (time series analysis) and Normalized Difference 
Vegetation Index (NDVI) were employed to 
spatial data to determine R.Molo riparian vegetation 
status and the effects on riparian vegetation. Statistical 
Packages for Social Sciences (SPSS version 25) was 
also used to analyze qualitative data using descriptive
statistics. 
 
 
RESULTS AND DISCUSSIONS 
 
Demographic Information 
 
Gender 
 
As depicted in the chart below, male constituted 62% out 
of the total respondents and 38% represented women. 
This disparity is largely attributed to the fact that most 
household heads in the study area were malehence 
affecting decision-making processes regarding land use 
and environmental management. Figure 2
 
 
Educational level  
 
The   research’s   findings   showed   that   45%   of   the
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household heads in the study area were malehence 

sses regarding land use 
Figure 2 

The   research’s   findings   showed   that   45%   of   the 

respondents attained secondary education. Respondents 
who were privileged to attain tertiary education were 39% 
and 16% only got primary level education. 

Higher education levels are often associated with 
greater environmental awareness and advocac
sustainable practices. Educated individuals are more 
likely to understand the long
quarrying on riparian ecosystems and advocate for 
measures to protect these vital areas (Xie et al., 2019).
 
 
Occupation  
 
Respondents were distributed in different occupations 
where 110 (32%) were farmers, 85 (25%) business 
people, 79 (23%) casual labourers, 31 (9%) teachers and 
38 (11%) in other occupations as shown in figure below.
Many casual laborers in the area found emp
quarrying sector owing to the many existing quarries.
Figure 4 

Additionally, the dry climatic conditions in the area 
limited most farmers to engaging in farming activities only 
during the rainy seasons, prompting them to seek 
alternative sources of income in quarrying sector to 
support their families. 
 
 
River Molo Riparian Vegetation Status Between 2000
2023 
 
ArcMap GIS software was used to analyze the land 
use and land cover classification of Rongai Sub

respondents attained secondary education. Respondents 
who were privileged to attain tertiary education were 39% 
and 16% only got primary level education. Figure 3 

Higher education levels are often associated with 
greater environmental awareness and advocacy for 
sustainable practices. Educated individuals are more 
likely to understand the long-term consequences of 
quarrying on riparian ecosystems and advocate for 
measures to protect these vital areas (Xie et al., 2019). 

Respondents were distributed in different occupations 
where 110 (32%) were farmers, 85 (25%) business 
people, 79 (23%) casual labourers, 31 (9%) teachers and 
38 (11%) in other occupations as shown in figure below. 
Many casual laborers in the area found employment in 
quarrying sector owing to the many existing quarries. 

Additionally, the dry climatic conditions in the area 
limited most farmers to engaging in farming activities only 
during the rainy seasons, prompting them to seek 
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Figure 5. Rongai  Land Use map

 
 
 
LANDSAT data comprising of administrative boundaries, 
Hydrology, topography and other geographical features 
were acquired from U.S Geological Survey website. 
Geoprocessing tasks such as overlaying, clipping, 
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LANDSAT data comprising of administrative boundaries, 
Hydrology, topography and other geographical features 
were acquired from U.S Geological Survey website. 
Geoprocessing tasks such as overlaying, clipping, 
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layering, mosaicking and image classification were 
performed which yielded Rongai Sub- County land use 
and land cover map as shown in Figure 5 above. 

This  map  categorized  the  land  uses  into  different 
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Figure 6. NDVI Analysis (2000-2023) 

 
 
 
types based on their NDVI values, which reflect the 
density and health of vegetation. The categories included 
water, built-up areas, barren land, grassland and 
agriculture, shrubs and sparse vegetation and dense 
vegetation. From the map, it is also evident that there 
were barren areas along the riparian zone of River Molo 
indicating human interference including farming and 
quarrying activities. 

Ren, Wang & Li (2019) study emphasized that human 
activities, such as agriculture and quarrying, significantly 
affect the structure and function of riparian ecosystems 
leaving the land exposed, hence corroborating with the 
results above.  

The analysis of satellite imagery from 2000 to 2018 
did not reveal substantial evidence of quarrying activities. 
However, a notable change was observed between 2019 
and 2023, coinciding with the introduction of modern 
stone cutting machines. This suggests that the recent 
adoption of advanced quarrying technologies has 
accelerated the pace and scale of stone extraction in the 
study area during the 2019-2023 period. 
 
 
Normalized Difference Vegetation Index Time Series 
Along River Molo 
 
The NDVI data was obtained through timeseries analysis 
of satellite imagery between 2000-2023. The imagery 
was subjected to hyperspectral analysis using ArcMap 
with huge focus on variation in reflectance, topography 
and vegetation along River Molo. 

Figure 6 above shows the down sloping trendline 
suggesting a decline in NDVI between the timeframe. 
The decline is largely attributed to agriculture and stone 

quarrying activities along the riparian areas of River Molo. 
These findings are consistent with the results recorded by 
Ruto, Musila, Limbua, Kinyanjui and Kaigongi (2023) 
which indicated that anthropogenic activities (grazing, 
crop farming and quarrying) fragmented riparian forests, 
resulting in reduced NDVI values.  
 
 
Perceived effects of stone quarry work on R. Molo 
riparian vegetation 
 
During field visit and observation, the researcher also 
established that all the five quarries were active except 
Q1 which had been abandoned. However, the researcher 
did not establish as to why the quarry was abandoned. 
Remote sensing using google earth pro established that 
Q1 was the leading in area of coverage with a total of 
3.74 Ha and Q2 being the least with 0.48 Ha. Moreover, 
Q5 recorded the lowest proximal distance to the river with 
49.48 meters whereas Q2 was the furthest with proximal 
distance of 324.42 meters. This was a clear indication 
that the ongoing quarrying activities were directly 
affecting riparian vegetation found along River Molo. 
According to EMCA, (2015) highly impactful activities 
such as quarrying should undergo through 
comprehensive environmental Impact Assessment study 
before operationalization. EIA expert should undertake a 
comprehensive screening process to establish the 
proximity of the proposed quarry to the riparian areas and 
recommend whether to proceed or look for an alternative 
site. Table 2 

The figure above shows the extent of stone extraction 
in Q3 and Q4 where existing trees and shrubs were 
uprooted  to  pave  way  for  extraction processes. It was  
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Table 2. Sampled Quarries 
 

S/No Name GPS Coordinates Area coverage (ha) Proximity to the 
River(meters) 

Status 

1. Q1 0°2'3.56"S 
35°57'43.73"E 

3.74 91.92 Inactive 

2. Q2 0° 2'26.96"S 
35°57'31.81"E 

0.48 323.42 Active 

3. Q3 0° 2'59.24"S 
35°57'14.27"E 

1.10 78.73 Active 

4. Q4 0° 3'49.32"S 
35°56'24.53"E 

1.32 49.99 Active 

5. Q5 0° 4'7.96"S 
35°56'15.66"E 

1.49 49.48 Active 

 
 
 
 
also noted that deep cuts were existing showing no 
adherence to sustainable extraction methods as 
prescribed by NEMA. The researcher also observed a lot 
of dust emissions emanating from quarry operation which 
significantly affected photosynthesis by blocking stomata 
in plant leaves. 
 
 
Perceived Impacts of Stone Quarrying on Riparian 
Vegetation 
 
Strong majority of 87%of respondents perceived stone 
quarrying as having a negative impact on riparian 
vegetation of River Molo. Additionally, 13% of 
respondents did not see stone quarrying as detrimental to 
the riparian vegetation in the study area as shown in 
figure 8 below. Table 3 
 
 
Weighted Average = 4.615 
 
The survey results showed a strong consensus among 
respondents regarding the environmental impacts of 
stone quarrying on riparian vegetation of River Molo. 
Table 3 above indicate a weighted average = 4.615 for all 
the four statements. Statement one on changes on 
riparian vegetation cover recorded a mean of 4.78 and a 
standard deviation (SD) of 0.60 suggesting a very high 
perception that quarrying significantly changes vegetation 
cover along the river.  

Statement two on reduction in natural regeneration of 
riparian vegetation scored a mean of 4.20 and SD of 1.14 
hence falling below the weighed mean. This therefore 
implied a high perception on reduced natural 
regeneration of riparian vegetation as a result of stone 
quarrying. 

The third statement on felling of riparian trees 
recorded a mean of 4.92 and a SD of 0.32 indicating a 
very high perception that quarrying leads to the removal 
of trees near the riparian areas. Lastly, the fourth 

statement on soil erosion scored a mean of 4.56 and a 
SD of 0.65 showing high perception that quarrying 
resulted to soil erosion which greatly affected riparian 
vegetation health and growth.  

Additionally, all fifteen (15) key informants confirmed 
that most of the quarries fell trees to allow space for 
expansion and the overburden generated were heaped 
unsustainably affecting the rate of natural regeneration of 
treesparticularly grasses and low-lying herbaceous 
plants. Similarly, quarrying activities led to chlorosis (loss 
or reduction of chlorophyll leading to yellowing of leaf) in 
plants corroborating to the findings by Moilinga and 
Athian, (2023) which concluded that quarrying activities 
led to the destruction and removal of local vegetation, 
particularly grasses and low-lying herbaceous plants in 
Mount Korok in South Sudan. 

Similarly, a study by Kibii (2020) found that 79.6% of 
respondents noted that original vegetation cover and 
trees had been destroyed affecting the availability of 
animal fodder due to quarrying activities in Tuluongoi, 
Baringo county. Furthermore, Omondi et al., (2020) 
documented how the extraction of materials led to the 
creation of deep gullies and barren landscapes, which 
negatively impacted local ecosystems and biodiversity in 
Lake Victoria Basin. Another study by Muthee (2017) in 
Kenya’s central highlands indicated disruption of key 
riparian species through soil erosion. 

The findings are also supported by Kamran & 
Siddique (2020); Shah & Sah (2018 who found that 
quarrying activities led to reduced vegetation, soil erosion 
and felling of trees which appeared to be the immediate 
repercussions of quarrying. In the contrary, Ogunbode 
and Ifatimehin (2013) in Nigeria suggested that 
application of stone quarrying best practices could 
mitigate all related environmental damage especially 
along riverine areas.  

Taken together, these findings suggest that stone 
quarrying has had detrimental effects on the riparian 
vegetation, leading to deforestation, disruption of natural 
ecological   processes,  soil  degradation,   and  reduced  
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Figure 7. Pictorial Representation of Q3 and Q4 
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Figure 8. Pie Chart Showing Perception of the Quarrying Impacts on 
Riparian Vegetation 

 
 
Table 3. Household Head's Perception Towards the Impacts of Stone Quarrying on Riparian Vegetation 
 

Statement Strongly 
Disagree 

(%) 

Disagree 
(%) 

Neutral 
(%) 

Agree 
(%) 

Strongly 
Agree (%) 

Mean Standard       
Deviation 

Perception 

Quarrying leads to 
changes in riparian 
vegetation cover. 

0.58 2.04 0 13.12 84.26 4.78 0.6 Very High 

Quarrying reduces 
natural regeneration 
of vegetation. 

4.37 9.33 2.92 29.15 54.23 4.2 1.14 High 

Quarrying results in 
the felling of riparian 
trees. 

0 0.58 0 5.83 93.59 4.92 0.32 Very High 

Quarrying contributes 
to soil erosion. 

0.29 1.46 2.92 32.94 62.39 4.56 0.65 High 

 
 
natural regeneration among riparian vegetation 
communities. 
 
 
CONCLUSION 
 
Based on the findings, the NDVI of the riparian vegetation 
along river Molo is gradually declining as a result of 
quarrying activities and other land use activities in the 
area. The proximity of the quarries to the river and the 
mode of extraction have accelerated destruction of 
riparian vegetation hence resulting to change in riparian 
vegetation cover, felling of trees, reduced regeneration 
and soil erosion. 
 
 
RECOMMENDATIONS 
  
 Ensure rehabilitation and reclamation of quarry sites 
after decommissioning to promote enhanced landforms 
and vegetation cover. 

 Planting of trees and grass to reduce soil erosion and 
enhance riparian ecosystem functioning 
 Promote public education and sensitization on the 
impacts of stone quarrying on riparian vegetation. 
 Enactment of Nakuru County quarrying laws to 
regulate establishment of quarries and mode of extraction 
and proper disposal of quarry overburden and other 
wastes. 
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consent of respondents before administering question-
naires and interviews by briefing them on the purpose of 
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researcher adequately assured all respondents of their 
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authorized personnel only and ensuring that all the data 
were securely discarded after the completion of the 
study. 
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