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Introduction

Social scientists and land managers define land use in terms of social and
economic purposes and contexts for and within which lands are managed (or
left unmanaged), such as subsistence versus commercial agriculture, rented vs.
owned, or private vs. public land. Land cover, which is the concern of this study,
can be observed directly in the field or by remote sensing. Observations of land
use and its changes however, require the integration of natural and social scientific
methods (expert knowledge, interviews with land managers) to determine which
human activities are occurring in different parts of the landscape, even when land
cover appears to be the same. For example, areas covered by woody vegetation
may represent an undisturbed natural shrub land, a forest preserve recovering from
a fire, re-growth following tree harvest (forestry), or a tea plantation. As a result,
scientific investigation of the causes and consequences of Land Use/Land Cover
change (LULCC) requires an interdisciplinary approach integrating both natural
and social scientific methods, which has emerged as the new discipline of land-
change science.

The LULCC is continuously changing the Njoro stream ecosystem, thereby
threatening sustainability and livelihood systems of the people. Biodiversity is
facing widespread competition with humanity as human population increases,
resulting in increasing conflict between economic development and the need for
biodiversity conservation. LULCC plays a major role in the study of global change.
LULCC and human/natural modifications have largely resulted in deforestation,
biodiversity loss, global warming and increase of natural disaster-flooding (Fan
et al, 2007, Dwivedi, et al, 2005). These environmental problems are often related
to LULC changes. Therefore, available data on LULC changes can provide critical
input to decision-making on environmental management and planning the future
(Fan, et al, 2010, Prenzel, 2004). The growing population and increasing socio-
economic necessities create a pressure on land use/land cover and water resources.
This pressure results in unplanned and uncontrolled changes in LULC (Seto, et al,
2002). The LULCC alterations or change in the state of the ecosystem are generally
driven by pressures resulting from mismanagement of agricultural, urban and
forest lands including water resources which lead to severe environmental impacts
such as landslides and water pollution that require a response to abate disaster.

The middle Njoro stream Watershed has experienced significant land cover
transformations with attendant concerns related to environmental and
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(1987, 2000 and 2014) for this study. These dates captured the major excision and
settlement changes that have taken place in the watershed. Effort was made to
acquire imagery that corresponds with major land use/land cover changes within
this period and then relating them to changes in water quality.

The study utilized 200 questionnaires which were administered to homesteads that
were initially identified at random on both sides of the stream. The questionnaires
were subjected to scrutiny for completeness and consistency and the way they
addressed the various issues intended to be captured. The questionnaires were
sorted out and entered into the SPSS (version 20) work sheet. With the descriptive
and categorical nature of most of the questions, simple descriptive analysis was
done using SPSS and inferential statistics performed based on the results.

Land Use field data

Data on the driving factors that influence land use decisions in the Middle Njoro
stream drainage basin was gathered through semi-structured interviews with
the farmers (land owners) and six (6) key informants selected at random based
on their areas of operation including an agriculturist, environmentalist, social
economist and NGOs in the region. Local group officials such as self-help groups,
Friends of River Njoro and Water Resource Users Association (WRUA), were also
interviewed concerning stream water quality, land use history and the perceived
processes driving land use in the area.

Image Classification

Land sat MSS and Land sat ETM+ (path 185, row 31) were used in this study. The
Land sat ETM+ images (June 1987, May, 2000 and July, 2014) were downloaded
from USGS Earth Resources Observation Systems data. The dates of both images
were chosen to be as closely as possible in the same vegetation season. All visible
and infrared bands were included in the analysis. Remote sensing image processing
was performed using ERDAS Imagine 9.1.Five LULC classes were established
as commercial farms, forest, settlement, subsistence farms and shrub land. Three
dated Land sat images (1987, 2000 and 2014) were compared using supervised
classification technique. In the supervised classification technique, three images
with different dates were independently classified. A Supervised classification
method was carried out using training areas. Maximum Likelihood Algorithm was
employed to detect the land cover types in ERDAS Imagine 9.1.
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Table 1. One way ANOVA (pH, DO, BOD, temperature, Nitrates and
Phosphates versus site

Level pH DO BOD, Temp NO, PO,
m |sd| m |sd]| m sd m |[sd| m sd m sd

Canning factory |6.8 |03 (9.7 |5.8 |20 9.7 |21 1.7.104 10.04 {039 [0.03
Confluence 63 06182 |[1.7 |13 57 |19 1.0 |0.4 |0.07 |0.10 |0.01
Egerton bridge |6.7 |0.7 [12.1 |89 |24 11.6 |20 0.7 |04 (0.08 [0.18 |0.03
Kenyatta 65 (03102 7.6 |20 9.0 |22 09 |04 |0.02 1039 |0.05
Mary Joy 65 |02 |82 |22 12 39 |20 1.0 {04 ]0.05 [0.13 |0.03
Nessuit 66 (0380 (2.7 |14 58 |17 1.6 104 [0.08 |0.13 |0.04
Njoro bridge 6.8 0.5 (10.1 [6.8 |20 92 |21 0.7 {04 0.0l |0.36 |0.03
R?values % 15 7 26 72 9 94

P values 0.713 0.944 0.322 0.000 0.539 0.000

Key: BOD - Biological Oxygen Demand, DO — Dissolved Oxygen, ANOVA — Analysis of variance

Nitrates however, were 43% dependent on the season with p<0.005. This may be
due to the effects of runoff and dry spells. Phosphates were not dependent on the
season possibly suggesting that phosphate inputs were not dependent on rainfall or
no rainfall as evidenced by the low dependence of only 3% (Table 2). Agricultural
practices that are season based can contribute to elevated phosphorous levels in
surface waters through the addition of phosphorous in the form of manure or
commercial fertilizer in the fields. Phosphorous however, tends to bind tightly
to soils and therefore does not leach into water systems as easily as some other
nutrients. This therefore, may be the reason why it is not dependent on the seasons.

Table 2. One way ANOVA (Ph, DO, BOD, Temperature, Nitrates and
Phosphates versus season)

Level pH DO BOD, Temp NO, PO,
m sd m sd m sd m sd m sd m | sd
Dry 6.8 |05 12,1 |66 |I119 168 |190 [1.8 |04 |0.02 [02 |0.1
Wet 64 103 |7.0 0.5 |23.1 6.0 (21.0 (1.6 |04 10.03 [0.3 |0.1
R?values% |18 24 45 25 43 3
P value 0.025 0.008 0.000 0.007 0.000 0.3777

Key: BOD - Biological Oxygen Demand, DO - Dissolved Oxygen, ANOVA - Analysis of variance

The regression equation for BOD, which was; BOD, = - 21.4 + 1.94 temp - 0.53
ph - 0.889 DO+ 24.0 nitrates + 8.4 phosphates, indicated that an increase in
Dissolved Oxygen (DO) and pH brought a reduction in BOD, while a reduction in
the two parameters caused an increase in BOD. An increase in temperature nitrates
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during the study period. The highest mean value of phosphate concentrations were
recorded in Canning factory, Kenyatta Bridge and Njoro bridge with 0.39,0.39 and
0.36mg/I respectively, whilst the lowest was recorded at the Confluence, 0.1mg/1.

The main source of drinking water for the residents of Kenyatta, Njoro and Nessuit
was from the stream by 59% of the respondents. This therefore meant that the quality
of the stream was a major concern because more than half of the residents depended on
it. Quite a number depended on boreholes (21%), with wells taking 19%. A very small
proportion (1%) of the total relied on dams as a main source of water for drinking.

Color of Water in Streams

It can be noted that 10 years ago the clarity of water in the nearby streams was
higher than the present. On the other hand, water has been increasingly becoming
muddy for the last 10 years. The reasons for these changes could possibly be due
to runoff from surrounding farms as a result of clearing the buffer zones by the
farmers in search of cultivation areas. It was also observed that the paths that
animals and human beings use to the river generated a lot of runoff which also
contributed great amounts of sediments to the river.

Flow of Water in Streams

At present the stream flow in most of the streams (43.5%) is more seasonal as it
varies depending on the amount of rainfall (Table 4). The same stream’s volume
has relatively gone down (38.5%) as compared to 6.5% which is increase in the
flow volume. Nevertheless, 11.5% of the streams have maintained unchanging
stream flow. An interview carried out with some key informants concerning land
use activities that have been observed over the period of study indicated that the
main environmental impacts were the general increase in agricultural activities
on riparian zones that have heavily changed the flow and quality of stream water.
This has emanated from pressures exerted by the increase in the number of people
settling along the river Njoro. There is also a lot of water abstraction along the
entire stretch of the stream either through domestic use, animal watering and
irrigation. There are also incidents along the stream of people diverting the water
and also obstructing the flow by blocking the water way.
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frequent droughts and low rains. The pressures exerted by the society through
waste disposal, over cultivation and deforestation may have led to unintentional
or intentional changes in the state of the stream ecosystem. However, only 4 per
cent of the respondents had observed any pollution or degradation of the stream
ecosystem with a huge population of 96 per cent not feeling or not being aware of
the impacts possibly because they may have been used to the water color and its
general condition.

Table S. Responses on the current environmental condition of the Watershed

Age of | Highestlevel | Climate | Pollution/ |Settlement| LULCC | Occupation

respondent | of education | change | degradation of natural
(years) vegetation
% % % % % % %

<30 3 Pry 50 |Y [31]Y 4 Y 73 incr | 93 Fr 88
30-40 | 30 | Sec 17 IN |69 | N % [N 27 | N/incr | 7 Bp 3

40-50 | 30| Trt 13 Ms 3
>50 37 | None | 20 Cm 3
Tr 3

Key: Y-yes, N-No, Pry- primary, Sec- secondary, Trt- Tertiary, B/p- business person incr- increased, N/incr —

not increased, Cm- craftsman, Ms- Mason, Tr- teacher, Fr- farmer

Almost all the land portions, as per the data gathered from the respondents do not
have title deeds although allocation was done by the government about 20 years
ago. It was established during the-study survey that most farms were seriously
affected by soil erosion which was evidently seen in the red color of the stream
,duririg rains as most farmers were not observing any conservation measures due
to land tenure/ land ownership issues and the fact that most of the population had
very low or no formal education to be able to respond appropriately by adopting
new technologies of soil and water conservation. Hence, soil erosion was found to
be notably rampant in Nessuit areas which have higher slopes with 70 per cent of
the respondents reporting severe erosion in the steeper slopes, 20 per cent reported
severe erosion on gentle slopes and 10 per cent on flat grounds, while 20 per
cent of the people reported moderate erosion on steep areas, 69 per cent reported
moderate erosion on gentle slopes and 11 per cent on flat grounds. Eighty per cent
of the respondents reported no erosion on gentle slopes and 20 per cent reported

no erosion on flat areas. Nobody gave any evidence of no erosion on steep slopes
(Table 6).
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In the year 2000, only 13 years later, the forest reduced by almost four times from
1461 ha to 405 ha which was a drop of 72 per cent. This was a clear indicator of
massive forest destruction which also turned the once permanent Njoro stream to a
semi permanent stream, a situation that has persisted to date. Huge areas of forest
were turned to agriculture or the trees were cut for timber. The timber harvesting
was actually a big business in this region indicated by the numerous saw mills that
were established in the area during this period (personal communication). The
settled area went up from 437 ha in 1987 to 664 ha. This was an increase of 52 per
cent. The settled area meant more people who also strained the water resources in
the area through pollution and abstraction.

The settled area in the year 2014 went up by 121 per cent from 664 ha to 1470
ha. This was a huge increase in the number of people in the area of study. The
people come with demands on forest and water resources. These demands have
exerted pressure on the forest reducing it by a further 64 per cent from 405 ha
to 146 ha. It was evident from the respondents that 44 per cent of the people
agreed that the stream flows only in the rainy seasons. About 40 per cent of
the residents feel that the quantity and quality of the water in the stream has
drastically gone down.

Conclusion

The removal of natural vegetation (LULCC) in the middle River Njoro
watershed has decreased the forest area by 1314 hectares and shrub land by
475 hectares. Settlement increased by 1032 hectares. These changes in land
cover/land use have left soil exposed to erosive forces with 70 per cent of the
respondents reporting severe erosion in the steeper slopes, 20 per cent reporting
severe erosion on gentle slopes and 10 per cent on flat grounds. These land use
changes and the impacts of erosion have affected the stream quantity and quality
of water with 44 per cent of the inhabitants acknowledging a reduction in the
flow of the stream with water only flowing in the rainy season and even at this
time the water is too muddy/ brown in color making it quite uncomfortable for
human use. A further 39 per cent of the people agree that the volume of water in
the stream has decreased drastically over the years. Despite the sediment loads
from erosion and the impacts of land cover change, the stream water remained
suitable for human consumption as supported by average BOD of above 20mg/1
across the stream.

24






