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ABSTRACT
A study was carried out to evaluate spatial andoteral changes that have occurred over
a period of 25 years in land use and land coverthen impacts on ecosystem services
with strong focus in water and sediments yield he Little Ruaha River Catchment
(LRRC), in Rufiji River Basin. The objectives ofalstudy were to analyze the spatial and
temporal changes of land use/cover, assess thecisnpé land use/cover changes on
water and sediment yields and predict the futuigngk in land use/cover and how it is
likely to affect water and sediment yields in theRC. In this study, field survey, remote
sensing and GIS techniques were employed to aspas®temporal dynamic of land
use/cover. CA-Markov model was used to simulate éxpected changes in land
use/cover in the future. SWAT model was employeditaulate the potential impacts of
land use and land cover changes in water and satiyiedd in the catchment. Results
have revealed that there has been a significanl lage and vegetation cover
transformation from one class to another for theopebetween 1990 and 2015. Natural
forest, riverine forest, water, wetland and woodlaecreased by 3.76%, 0.75%, 0.17%,
2.12%, and 8.03% respectively, while plantatiomsgtand, bushland, cultivated land and
built up area increased by 0.57%, 4.71%, 6.02%§%.3and 0.73% respectively between
1990 and 2015. Moreover, the study has revealedtlileae have been notable impacts
caused by land use/cover changes in water and eptligneld. The average annual
surface runoff increased by 3.53 mm, sediment giéhdreased by 1.2 t/ha, long-term
average annual river flow has increased with thuahvalues of 7.3mm, while base flow
decreased by 2.86 mm. The future prediction scemadgiicates that by the year 2040, the
average surface runoff, annual river flow and sedityield are expected to be 154.28
mm, 22.6mm, 11.35 t/ha respectively. The study menends a proper enforcement of
laws and regulations relating to natural resouncd suitable land use planning and

management in order to ensure sustainability ot#tehment.
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CHAPTER ONE
1.0 INTRODUCTION
1.1  Background Information
Ecosystems are the planet's life-support systenthéohuman species and all other forms
of life ( Schroteret al.,2005). Ecosystem services are the direct anddodaontributions
of ecosystems to human well-being that supportctireor indirectly our survival and
quality of life (BISE, 2010), which are provisioginservices, regulating services,
supporting services and cultural services (MEA,30Despite the greater importance of
these ecosystems, their productivity has been tdmed due to unsustainable
management practices as well as the increasing rakragceeding the ability of the

ecosystem to supply (Devisscher, 2010).

There is worldwide evidence that river ecosystermgehchanged (Postel and Richter,
2003). Also, the increased competition for wated atterations in land use in the
upstream of many rivers, are argued to have catéth to change in hydrological
regimes of many rivers and wetlands. Little RuahsaRcatchment in Tanzania, is one of
the country’s most significant waterways (Kadegial.,2004). Furthermore, it is the main
source of water during the dry season, and sot& for the ecology of the Ruaha
National Park. Regardless of its ecological anchenucal value, the sustainability of the
catchment to supply ecosystem services is at ngktd land uses alteration (Hart and
Buck, 2013) and the competing demands for the Rsiahater abound with a large

regional population, important wildlife areas antgated agriculture.

Land use and land cover changes have become a amaglbenge on the sustainability of

the Little Ruaha River catchmeni/flder et al, 2013). Land cover change is expected to



alter regional hydrologic conditions and resultsverieties of impacts on ecosystem
functioning (Li et al, 2007) especially water. Hydrological alteratioh Little Ruaha
River catchment is believed to have negative impaatt only on the livelihood of people
through decreased crop and livestock productionilfem et al, 2013) , but also on
national economy through impact on the biologiagkrsity of Ruaha National Park as
well as sedimentation of Mtera dam (Mildetr al, 2012). Therefore, this study was
conducted to investigate the impacts of land usd leover change on river ecosystem
with a strong focus on water and sediment yieldghan Little Ruaha River Catchment

area.

1.2  Statement of the problem

The lhemi Cluster lies in an area where almost 8if%he population derives their
livelihoods directly from agriculture through croqultivation and livestock keeping
(Mwinukaet al.,2015) as well as high dependence on the natwsaurees for fuel wood
and other off-farm activities such as charcoal mgkand bee keeping. Agricultural
practices and resources uses in the cluster atstansable resulting not only in low crop
yields, but also ecosystems degradation and Imeit &bility to function properly thereby
affecting provision of essential services such agew energy, food, and wildlife habitat
(Milder et al, 2012). Water resources have become a globas chig to mismanagement
(Kashaigili and Majaliwa, 2013). The increased laisds and land cover changes are said

to have detrimental effects to water resource @tial, 2009).

However, there is general understanding as regatdirthe effects of land use and land
cover change on water resources. Kashaigili (26@&)d that, the modification of land

use and cover has resulted in changes in tempistabdtion of runoff and flow regimes



of Great Ruaha River, where byd@ow progressively decline from 19.23%st in pre
1974 to 9.04 s in post 1985, there is still a gap on current usi@ading with regard

to effects of land use and land cover change a@r Beosystem. It is not clear how the

LULC change in the Little Ruaha River catchment mapacted on water yield and
sediment loading, and the propagation of the chamgehe future. It is also important
noting that much of the planned agriculture develept in the Ihemi Cluster depends on
the Little Ruaha River, however it is not clear e there will be sufficient flows to
meet the various water needs in the future. Thezefthis study was conducted to
improve understanding of the influence of land asd land cover change on water and

sediment yields in Little Ruaha River catchment.

1.3  Significance of the Study

This study assessed and quantified the land usdaaddcover changes that have taken
place and their impacts on the water resourcesttanduture potential impacts of these
land use land cover changes. The study providefuluslata and information to
stakeholders of various professions such as fosgstarmers, Natural Resource
managers, conservationist, students and researaberg the impacts of land use and
land cover changes on ecosystem services in lRtlaha River Catchment area with

strong focus on water resource and sediment yield.

It also addressed the current state of surfacerwaseurce and sediment yield within a
cluster and predicts the future changes in LandanselLand cover in Little Ruaha River
Catchment. Information gathered from this study uiseful for conservation and
management of Ihemi Agricultural Development Clusie well as provision of basic

information to different resource users for resewrse decision making.



1.4  Objectives of the Study
1.4.1 Overall objective
The main objective of the study was to investigaeeimpact of land use and land cover
change on ecosystem services (water and sedimelasyiin the Little Ruaha River
catchment.
1.4.2 Specific objectives
The specific objectives of the study were:
I.  To analyze the spatial and temporal changes in lessedand land cover in Little
Ruaha River Catchment for period 1990’s — 2015.
li. To assess the impact of land use and land covergehan water resource and
sediment yields in the Little Ruaha River catchnfenthe period 1990’s — 2015.
iii.  To predict the future changes in land cover, watet sediment yields in Little

Ruaha River Catchment

1.5 Research Questions
i.  What changes in land use and land cover occurrethanLittle Ruaha River
Catchment for the period between 1990 to 2015
ii.  What are the impacts of land use and land covengd®s on surface runoff,
sediment yield and river flow of Little Ruaha Riv@atchment?
iii.  What are expected future changes in land use aadclaver in Little Ruaha River
Catchment?
Iv.  What are expected future changes in surface rusediment yield and river flows

due to modification of land use and land coveriitle Ruaha River Catchment?



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1  Definitions of Terms

Land cover refers to the physical and biological cover over surface of land (Earth’s
surface), including water, vegetation, and/or @raf structures (Mayeet al., 2000).
When considering land cover in a very pure andtsgense it should be confined to
describe vegetation and man-made features. Constigjuareas where the surface
consists of bare rock or bare soil are descriltemgl itself rather than landover Land
use and Land cover chanddJLCC); also known atand changg is a general term for

the human modification of Earth's terrestrial sceféDiGianoet al.,2013).

Land use as defined by FAO/UNEP (1999), cited by Foley al., 2005., means
arrangements of activities and inputs that peopbtkettake in a certain land cover type to
produce, change or maintain it. The term land gsgsed to describe human uses of the
land, including actions that modify or convert landver from one type to another.
Examples include categories such as forest resesetdements (e.g. urban and rural
settlements), agriculture (irrigated and rain-fesdds), national parks, and transportation

and other infrastructure.

Ecosystem services are the direct and indirectritanions of ecosystems to human well-
being that support directly or indirectly our swali and quality of life (BISE, 2010).
Millennium Ecosystem Assessment (2005) groups etesy services into four main

categories, which are;

* Provisioning services are the products obtained from ecosystems sudboas



fresh water, wood, fiber, genetic resources andcimezs.

* Regulating services;the benefits obtained from the regulation of estmw
processes such as climate regulation, natural téaegulation, water purification
and waste management, pollination or pest control.

» Supporting services;highlight the importance of ecosystems to proaae to
maintain the three other categories of ecosystawices such as water cycle,
nutrient cycling, production of atmospheric oxygerd soil formation.

* Cultural services, include non-material benefits that people obtdéiom
ecosystems such as spiritual enrichment, intekbdéatavelopment, recreation and
aesthetic values.

A catchmentis an area that catches rainfall and directs dt $tream, river, reservoir or in
builtup areas (Salehat al, 2012). Catchment areas vary greatly in sizggaiver may
have a catchment area of several thousand squareéters, whereas a smaller tributary

will have a catchment area of only a few hectaFdsQ, 1997).

2.2 Land use and Land Cover Change (LULCC)

LULCC calls for special attention since humans hla@en modifying land to obtain food
and other essentials for thousands of years, huérdurates, extents and intensities of
LULC changes are far greater than ever in histoRuddiman, 2003), driving
unprecedented changes in ecosystems and enviroanpeotesses at local, regional and
global scales. LULCC can occur through the direotl andirect consequences of
anthropogenic activities to secure their economid social needs. Burning of areas to
create the availability of wild game as well astigaked land, resulting in extensive
clearing such as deforestation and earth’s teraésinrface management that takes place

today (Ellis and Pontius 2006).



LUCC is a complex process which is influenced bg jhintly interactions between
environmental and other social factors at differgrdtial and temporal scales (Valbuena
et al, 2008; Rindfus®t al.,2004). More recently, industrial activities and ei@pments
have encouraged the concentration of populatiohimvitirban areas. Urbanization and
current growth rate drives intensive farming in thmwst productive lands and the
abandonment of marginal lands (Ellis and Pontiu8620These conversions and their
consequences are obvious around the world and bec®ming a disaster around the
metropolitan areas in developing countries. ThekBanges encompass the greatest
environmental concerns of human populations todaylefy et al., 2005), including
climate change, biodiversity loss and the pollutdnvater, soils and air. Monitoring and
mediating the negative consequences of LULCC wahistaining the production of
essential resources has therefore become a majorityprfor researchers and

policymakers around the world.

2.3 Impacts of Land Use and Land Cover Change on Ecosgsn Services

LUCC can greatly alter the provision of ecosystervises. Land Conversion to human
utilization introduces the risk of undermining humavellbeing and long term
sustainability (Rockstronet al, 2009). Particularly, it is considered to be oriethe

drivers of global environmental change (Skeaal.,2005).

Transformation of ecosystems into other land usegcaies, primarily the conversion of
various vegetation covers to agricultural land arnlghn areas, impacts water flows and
the biogeochemical cycle, and is closely linkecclimate change (Milagkt al, 2011,

Schulpet al, 2008). The joint effects of land use andmelie change are perceived

as the most important driver of biodiversityss (Chappiret al., 2000). Because



biodiversity is known to represent a key prereiggiifor the functioning of an ecosystem
and delivery of bundles of ecosystem services AME2005), land use change may
undermine regulatory capacities of the ecosystengs in terms of the ability to avoid
and minimize hazards (Rockstrahal.,2009; Measharat al.,2011). A number of risks
initiated by land use change or its consequenoceginate in diminished land
productivity, land degradation, disruption of efategime, water contamination, or extra

losses of biodiversity (Shaat al.,2005).

Biodiversity has been diminishing considerably &yd change. While lands change from
a primary forested land to a farming type, the lokdorest species within deforested
areas is immediate and huge (Ellis and Pontius R08&cording to Ellis and Pontius
(2006), the habitat suitability of forests and otkeeosystems surrounding those under
intensive use are also impacted by the fragmemtirexisting habitat into smaller pieces,

which exposes forest edges to external influenndslacreases core habitat area.

The conversion of tropical forest to grassland ugitss the hydrological cycle of a
drainage basin, by altering the water yield of #rea (Kashaigiliet al, 2003). The
conversion of vegetation such as tropical forestsavanna to grassland disrupts the
hydrological cycle of a drainage basin by alterihg balance between rainfall and
evaporation and, consequently, the runoff respoh#ige area. The higher surface albedo,
the lower surface aerodynamic roughness, the ldeadrarea and the shallower rooting
depth of pasture compared with forest/cerrado alhtribute to reduced evapo-
transpiration (ET) and increase the long-term disgé ( Liet al, 2007; Costat al,

2003).



LUCC, particularly natural forest alteration malssgsls vulnerable to a massive increase
in windy and water soil erosion forms, particularhn steep topography. When
accompanied by fire, also pollutants to the atmesphare released. Soil fertility
degradation within time is not the only negativepaut; it does not only cause damage to
the land suitability for future farming, but alseleases a huge amount of phosphorus,
nitrogen, and sediments to aquatic ecosystems,incausultiple harmful impacts of

sedimentation and eutrophication.

2.4  Application of Remote Sensing on Land Use/Land Cové®etection

Remote sensing is an essential tool for land-chasgence because it facilitates

observations across larger extents of earth’s seirfhan is possible by ground-based
observations. Many studies have been done by warimatural resources experts,
Slayback (2003) studied land cover change in the@manda forest reserve in Cameroon.
The study revealed that most of the areas of far@sversion into other land uses were
located on the periphery of existing villages amelaa of pre-existing secondary forest
and the rates of forest clearing increased asxpargling patterns of forest conversion
indicated. Mulongo (1993) used remote sensing sesssthe rate of natural resources
exploitation and the implication of existing landligy in the reserved lands of Mboele-

Muyonzi in Zambia.

Shreieret al. (1994) used remotely sensed data and historicdaetland cover dynamics
to study resources status in the Himalaya, Nepatensiaed using geographical
information system. In this study forest, croppisgstem and socio-economic factors
were investigated. Observations showed that betW@di and 1990, forest, shrubs and

agriculture were the only land uses. Deforestatv@s significant from years 1972 to
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1990 and was more critical in the middle mountamisNepal. It was reported that
geographical information systems when integratetth wemotely sensed data could be
useful in identifying impact of deforestation duweibhcreased agricultural activities and

grazing.

Remote sensing has also been used in several stadieanzania. Luogat al., (2005)

used remote sensing to investigate the potential®cal communities to sustainably
manage miombo woodland resources. Results revéladédvoodlands of Kitulanghalo
Forest Reserve and surrounding public land cov828% in 1964. However, woodland
declined by 50% representing a decline of an olvarahn of 1.6% per year for the period

between 1964 and 1996.

Rugenga (2002) used remote sensing to study laedchanges due to traditional
irrigation activities for the periods 1955 to 1980 Ruaha River, Tanzania. The study
identified seven main land use classes includingrside vegetation, forest woodland,
scrub, settlements and abandoned fields. The laedliange was mainly observed along
the Great Ruaha River and its distributaries. & ¥eaind that overpopulation, grazing and
charcoal making were among socio-economic facteaslihg to land use/land cover

changes.

Kashaigili (2008) used Remote Sensing techniquavestigate the hydrological impacts
of land-use and land-cover changes on flow regiofegbe Great Ruaha River. Remote
sensing and GIS techniques were used to inventnpadral changes of land-use and
land-cover changes in the watershed. In this stugrological data were analyzed to
disclose the alterations and trends for three-fr@eods; pre-1974, 1974—75, and post-

1985. Results revealed that there was a steadgaserin cultivated area, from 121.2%m



11

to 874.3 km between 1973 and 2000 while the woodland areaedsed significantly
over years. The minimum dry season area of theamgtdeclined significantly, with
major changes occurring between 1984 and 2000.r Rmes were found to be highly

variable within and between the years, and semesititand-use and land cover changes.

2.5 Predicting Future Land Use Change

Forecasting, and evaluating future land changecanaplex set of tasks and, hence, it has
to be performed after a deep scientific knowledthe extent individuals, characters, as
well as consequences of land transformation hawn lgathered (Meyer and Turner,
1994). A typical land use planning process requihes landscape planners to realize,
classify, and investigate the current circumstanoesrder to project future probable
development patterns, and propose plans based aitalde information (Brail and

Klosterman, 2001).

According to Brail and Klosterman (2001), plannassally approach this task in two
ways, a predominant or traditional approach andraalytical approach. The traditional
approach foresees a future land use outcome amdpheritizes present-day policies
required to achieve that outcome. The analyticgdr@gch simulates alternate current
strategies and compares their consequences. Atngerrasive approach to consider and
simulate human decisions in LULC change is the afsenulti-agent systems (MAS)
(Robinsonet al. 2007; Valbuenat al 2008). MAS are defined as modeling tools that
allow entities to make decisions according to tredpfined agents, and the environment
also has a spatial explicit pattern. In fact, agentthe system might represent groups of

people or individuals, etc. (Valbuergal.,2008; Bonabeau, 2002;).
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2.6 Land Use and Land Cover Prediction Models

Several methods have been developed for forecatmd) use change, with varying
degrees of sensitivity to the influence of transaimon networks. The simplest types of
models for forecasting land use change are Markomadels (such as Markov chain
models) and Cellular and agent based models (Br@9A0; Levinson, 2002; Weng,

2002).

2.6.1Markov model

The Markov model is a theory based on the procefiseoformation of Markov random
process systems for the prediction and optimalrobtiteory method (Jiangt al.,2009).

It tends to treat land use change as a stochastitess by assuming that rates of change
between land use types are more or less constantdne period to the next. The Markov
model not only explains the quantification of corsien states between the land use
types, but can also reveal the transfer rate anddffeyent land use types (Xiyongt al,
2004). The Markov model projects land use transdiforward to any given future date,
eventually reaching an equilibrium distributionland uses. These models tend to have a
limited ability to incorporate transportation netk® and other spatial features, except as
states (e.g., land use types) in the model (Yetng., 2007). It is commonly used in the
prediction of geographical characteristics with aftereffect event which has now
become an important predicting method in geograpbgearch (Jiangt al, 2009).
Based on the conditional probability, the predictaf land use changes is calculated by
the following equation (1)

NG o S T o 1 I Y () T PRSP (1 §)

Where;
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S (t); is the system status when there is no chahtiee time (t)
S (t+1); is the system status when there is a ahahgme (t+1)

Pij;  is the probability of movement (transitiondin one stateto statg

2.6.2 Cellular Automata Model

The behavior of CA models is affected by uncertamtarising from the interaction
between model elements, structures, and the qualitlata sources used as the model
input (Battyel al., 1999; Petersoet al.,2009). It focuses mainly on the local interactions
of cells with distinct temporal and spatial couglifeatures and the powerful computing
capability of space, which is especially suitalde dynamic simulation and display with
self-organizing feature systems. Advances in coatputal power and data storage have
facilitated the development of models that disaggre urban space to a greater degree
and can operate with individuals or land parcelthasunits of analysis, rather than zones.
These include microsimulation models of urban dgwelent (Waddelkt al., 2003) as
well as models based on a cellular automata frameWeeh, 2002). Cellular automata
models emphasize neighbour effects and dynamicaictiens between agents (with land
use cells as agents), while microsimulation mottelat individual households and firms
as agents and attempt to simulate their behavioterms of location and travel choices.
The use of geographic cellular automata for lanel elsange simulations not only takes
into account comprehensive consideration soil dam, climatic conditions,
topography and other natural factors, but also idens a comprehensive policy,
economy, technology and other human factors, atebtato account the historical trends
of land use with strong applicability. The CA modsn be expressed as follows,
equation (3)

St 1) = (S N e e e e 3)
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Where; S is states of discrete cellular, t is threetinstant, t +1 is the coming future time
instant respectively, N is the cellular field ani the transition rule of cellular states in

local space.

2.6.3CA Markov model

CA—Markovis a combined Cellular Automata/Markov &@tiMulti-Criteria/Multi-
Objective Land Allocation (MOLA) land cover predm method that adds an element of
spatial contiguity as well as knowledge of the ljkspatial distribution of transitions to

Markov chain analysis.

The Markov model focuses on the quantity in predins for land use changes. For this
model, the spatial parameters are weak and dcenognize the various types of land use
changes in the spatial extents (Wickramasuetyal., 2009). The CA model has a strong
space conception, which is a strong capability mdce-time dynamic evolution with

complex space systems. The CA-Markov model, whiatorporates the theories of

Markov and Cellular Automata, is about the timaeseand space for the advantages of
forecasting. It can achieve better simulation @&nporal and spatial patterns of land use
changes in quantity and space (Wan@l.,2009). The CA—Markov module in IDRISI32

integrates the functions of cellular automationtefil and Markov processes, using
conversion tables and conditional probability of tonversion map to predict the states

of land use changes, and it may be better to carryand use change simulations.
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2.7 Water and Sediment yield modeling in watersheds

2.7.1 Soil and Water Assessment Tool Model (SWAT)

SWAT model operates on a daily time step and isggded to predict the impact of land
use and management on water, sediment, and agredutthemical yields in ungauged
watersheds (Neitsch, 2001). It was developed byicAjural Research Services of
United States Department of Agriculture to predio¢ impact of land management
practices on water, sediment, and agriculture cbanyields in large and complex
watersheds with varying soil, land use, and manageérmonditions over long periods of

time (Arnoldet al, 1998).

Currently it operates as an extension within sdv@i& softwares including ArcView
GIS, ArcGIS and Quantum GIS (QGIS). The model usmsote sensed and ground
observation data (soil, land cover, rainfall andparation), and digital elevation data sets
describing the land surface to calculate the bhgarologic water cycle (Arnolet al,
2012). SWAT model is very useful because it hastie¥aengine to generate the
precipitation within an un-gauged watershed basadstochastic and probabilistic
methods (Arnolcet al, 2012). The model consists of two parts: a GlSedamodule used
for model data input and preparation, and the a#linfinoff processing module.
Geographic information system (GIS) data for toppdy, soils and land-cover are used
in calibrating and validating the model, where &MSWAT, an ArcView-GIS interface
for the SWAT model (Cau and Paniconi, 2007) or @8Wa QGIS interface for the

SWAT model being used.
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2.7.2 Suitability of SWAT for modeling water balance

In SWAT, a watershed is divided into multiple sulbsvaheds, which are then further
subdivided into hydrologic response units (HRUSt ttonsist of homogeneous land use,
management, topographical, and soil characteristinsHRU is the fundamental spatial
unit upon which SWAT simulates the water balanckerfatively, a watershed can be
subdivided into only sub-watersheds that are charaed by dominant land use, soill
type, and management. Water balance is the drifange behind all the processes in
SWAT because it impacts plant growth and the mowvenodé sediments, nutrients,
pesticides, and pathogens. Simulation of waterstyeldology is separated into the land
phase, which controls the amount of water, sedimarttient, and pesticide loadings to
the main channel in each sub-basin, and the iastrer routing phase, which is the
movement of water, sediments, etc., through th@mélanetwork of the watershed to the
outlet. Below is a brief description of the pro@ssimulated by SWAT. The land phase

of the hydrologic cycle is modeled in SWAT basedlmwater balance equation:

SWt = SWo+) (Rday Q,- E& Wseep ,Q ...ooooriviiiiiiininiiinenn, (4)

=
Where; SWt is the final soil water content (in mi8)\o is the initial soil water content
(mm), tis the time (days), Rday is the amountretipitation on day i (mm), Qsurf is the
amount of surface runoff on day i (mm), Ea is theant of evapotranspiration on day i
(mm), Wseep is the amount of percolation and byflassexiting the soil profile bottom

on day i (mm), and g is the amount of return flow on day i (mm). Martydies like

(Shimelies and Makonnen, 2013; Githui, 2008; Ndudteal, 2014; Palamuleni and
Annegarn, 2011) have applied SWAT model to simubditdhe impacts of land use/cover

changes on hydrological ecosystem. All of mentiostedies shown successfully results.
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Materials

3.1.1 Description of Study Area

Little Ruaha River Catchment (Fig. 1) is a tribytaf the Great Ruaha River (GRR) that
joins GRR just after the Ruaha National Park (Kagheet al, 2003). Geographically, it
is located in the Southern Highlands of Tanzanidghiw the Iringa Region and it lies
between latitudes 7.2° to 8.6° south of equator landitudes 34.9° to 35.9° East. The
catchment has an estimated area of 637¢) knd serves many uses, including irrigation,
livestock, and domestic uses, fisheries and theatamjfiora and fauna (Mildeet al,

2012).

The Little Ruaha River Catchment is found withierin Cluster, one of the six clusters
forming the Southern Agricultural Growth Corridof ®anzania (SAGCOT) which
covers a larger part of Iringa and Njombe regioAscluster has an approximate

population around 501, 204 with growth rate of 1.8%wvinukaet al., 2015)

The region’s climate is unique in its heterogeneusrying between the bimodal and
unimodal rainfall patterns in southern highlandd aorthern lowland respectively, with
annual rainfall range from 600 mm in low land t6) mm in the highlands which in
turn results in diverse land uses (Mil@gral.,2013). The mean annual temperature varies
from about 18°C at higher altitudes to about 28F@e elevation ranges from 698 m to
above 2300m above mean sea level. Dominant soiltheénarea include Cambisols,

Fluvisols, Leptosols, Lixisols, Nitisols and Soltme
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3.2  Methods

3.2.1 Data Collection, Tools and Techniques

Data collected included spatial data, Hydrologaata and Meteorological data.

) Spatial data

Includes satellite images and 30 m resolution digitevation model (DEM) downloaded

from USGS - GLOVIS Jww.glovis.usgs.qgov  and NASA reverb

(https://reverb.echo.nasa.gaespectively.

(i) Meteorological data

Meteorological data comprised rainfall, relativerhdity, solar radiation, wind speed and
minimum and maximum temperature data, were obtafreed Tanzania Meteorological
Agency and Rufiji Basin Water Office, Iringa.

Table 1: Summary of Meteorological data for Little Ruaha River Catchment

Station id Name Latitude Longitude Elevation (m)
9735011 Iringa Met -7.78 35.69 1656
973501: Mtera me -7.0¢ 35.91 68<
9734001 Msembe -7.73 35.94 793

(i)  Hydrological data

The data included water discharge, recorded from different flow gauging stations,
one located at the upper part of the catchment é\4ék) and other at the lower part of
the catchment (Mawande). Data were available aijilasin Water Office in Iringa.

Table 2: Stream flow gauging stations in LRRC useth this study

Std ID Stn Geographical Year of record No. No. Missing
Name location Years Missing (%)
data

Lat Long Start End

IKA32A  Makalala -8.33 35.33 1957 2014 58 1957 9.24
IKA31 Mawande -7.5 355 1957 2015 59 4491 20.8
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3.2.2 Data analysis
To analyse spatial and temporal changes in landamgkland cover in Little Ruaha River
Catchment for period 1990’s — 2015.
3.2.2.1Cover change detection analysis
The land cover change detection analysis was ceediased on the following steps:

i. Satellite Image selection and acquisition
Appropriate satellite imagery acquisition was dawiéh highly consideration of cloud
cover, the seasonality and phenological effectssliidagili, 2006). Clouds free satellite
images with the interval not less than five yeaosnf 1990 to 2015 (Table 1) were used in

assessing temporal and spatial variation of lardcoser change in the study area.

Table 3: Satellite Imagery Data

Satellite Sensor Path/Row Acquisition date Seasd@lioud cover (%)
Landsat5 TM 168/65 11 July, 1990 Dry 0
Landsat5 TM 168/66 11 July, 1990 Dry 0
Landsat5 T™M 168/65 20 July, 2005 Dry 6
Landsat5 T™M 168/66 7 July, 2005 Dry 6
Landsat 8 OLI-TIRS 168/65 4 October, 2015 Dry 9.78
Landsat 8 OLI-TIRS 168/66 21 October, 2015 Dry 0.03

i. Image Pre-processing
To ensure accurate identification of temporal clesngnd geometric compatibility with
other sources of information, images were pre-@meee whereby geo-correction was
conducted to rectify precisely matching of imagd¥and stacking and Images
enhancement was performed using different colorpasite band combination and its

contrast was stretched from minimum to maximumeiaforce the visual interpretability
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of images. Images were registered to the UTM mapdinate system, Zone 36 South,
Datum Arc 1960. Image Mosaic (Fig. 2) was condudtetherge together images of the
same year with same path and different row so ase@te a single image that covers the

entire catchment.

2015

2005

5 0 25 S0 75 100km Legend
————— [ Little Ruaha River Catchment

Figure 2: Mosaic images of study area for the yeak990, 2005 and 2015

ii.  Preliminary image classification and ground truthing

Supervised image classification using Maximum Likebd Classifier (MLC) was

conducted to create base map. Data from grounil wete used to formulate and confirm
different cover classes existing in the study arBaining sites were identified by
inspecting an enhanced color composite imagery.ag\ravith similar spectral

characteristics were trained and classified.

Supervised classification by using Semi-automatass€ification Plugin (SCP) available
in QGIS 2.12.1 was conducted. The process invobadction of regions of interest

(ROI) on the image, which represent specific lafdsses to be mapped. During
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Supervised Classification, maximum of twelve distiland cover classes were identified
(Table 4) which are; Natural forest (NF), Plantati@L), Riverine forest (RF), Water
(WTR), Wetland (WET), Woodland (WD), Wooded rock R)V Cultivated woodland

(CW), Grassland (GR), Bushland (BS), Cultivateddl§@LT) and Built up area (BLT).

iii.  Final Image Classification and Accuracy Assessment

Kappa coefficient statistics was used to assesadbigracy of final image classification

Kk="N Vic1Xii — 2imq (g X X4)) (5)

NZ_ Z%‘:l(xi+x Xap) e

Where N is the total number of sites in the matrits, the number of rows in the matrix,
xii is the number in row i and columnxi is the total for row i, andi+ is the total for
column.

The classified maps show good agreement with takwerld as indicated by overall
classification accuracies of 99.7%, 99.8%, and ®@9rBspectively, for 1990, 2005 and
2015 with their corresponding Kappa statistics @390 0.98 and 0.99 respectively.

Producer accuracies and user accuracies for eadhute class presented in Appendix 1.
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Table 4: Land use/cover classification scheme

Land cover class

Description

Natural forest

Plantation

Riverine forest

Water

Wetland

Woodland

Wooded rock

Cultivated woodland

Grassland
Bushland

Cultivated land

Built up area

Unclassified

Land covered with naturally regetemtanative tree species
with no clearly visible indications of human acties

Artificially established forested arediivated land by planting
or seeding (Plantation forest, tree farms, woodktsl Tea
plantation)

Forested area adjacent flowing &®dif water such as river,
streams and dams

Area within body of land, of variable sizdletl with water,
localized in a basin, which rivers flow into or oat them
(Lake/Dam)

Land area that is saturated with watereeitpermanent or
seasonally

Area of land covered low density treesniag open habitat
with plenty of sunlight and limited shade

Area of land covered with low densitges in a visible
exposed mineral rocks

Area of land covered with loendity and scattered trees with
crop cultivation activities

Land area dominated by grasses

Area dominated with bushes and shrubs
Farm with crops and harvested enagl

Man-made infrastructure (roads anttlimgs) and settlement

Area with no input data or insuffidigenformation which has
been missed due to several reasons including clotidads

shadow, darkness, and sensor dysfunctioning
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iv. Land use and Land covers Change Detection

Post classification comparison was used to quattigyextent of land cover changes over
the period 1990 and 2015. Post classification comm@a bypass the difficulties
associated with the analysis of the images thategeired at different times of the year,
or by different sensors and results in high chategection accuracy (Let al, 2007).
The estimation of the rate of change for the d#fedand covers was computed based on

the following formulas (Kashaigili and Majaliwa, 28).

Area; —Area; +1
% Cover change = P2 . X 100 i (6)
Yiz, Area,
iyear x
Area; year x—AT€A| year x+1
Annual rate of change = ———————— ... i (7
tyears
Area; — Area; +1
% Annual rate of change = —— . X 100, (8)

Area;year x X tyears
Area year xiS the area of cover i at the first date,
Area year x+1S the area of cover i at the second date,
Yiz1Area; yeqr 1S the total cover area at the first date,

tyearsiS the period in years between the first and sesoene acquisition dates

Objective ii: To assess the impact of land use dadd cover change on water and
sediment yields in the Little Ruaha River catchmdat the period 1990’s — 2015

The study used Soil and Water Assessment Tool (SyWddel to simulate the effects of
land use and land cover change on water and setfipieids. SWAT model was chosen
because unlike other models e.g. Conversion of luesedand its Effects (CLUE) and Soil
Water Atmosphere Plant (SWAP), the model can data&arge catchment area and has a

weather generator engine system which can simolatdl in the missing data which is
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the case for many catchments in developing countineluding Little Ruaha River
Catchment.
3.2.2.2SWAT Model set-up and simulation
The calibrated SWAT model was run with the inputadancluding digital elevation
model (DEM), soil map, land use map, rainfall, estceam flow. The following steps
were conducted during SWAT model set up;

I. Watershed delineation
First step was watershed delineation which spéitdatchment into sub-basins according
to the terrain model and river channels. The DEN wsed to delineate the topographic
characterisation of the watershed and to deterrtiiaehydrological parameters of the
watershed namely the slope, flow accumulation, fidivection, and stream network.
QSWAT 2012, a QGIS interface, was used to delindsewatershed. The watershed
was subdivided into 31 sub-watersheds or sub hasins

. HRUs creation
HRUs were generated based on user-defined threpleobgntages (Arnoldt al., 1998).
Before defining the HRUSs, the Land use data wectassified to match with the SWAT
land use classification (Table 5). Land use anbdada were required in SWAT model to
determine the area and the hydrologic parameteeadtf land-soil categories simulated
within each sub watershed (Fig. 4). Therefore, |laisé, slope and soil maps were
overlaid. The study uses landuse, soil and sldfer to create the Hydrologic Response

Unit (HRU) for each sub basin. Watershed was dividéo 631 HRUSs.
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Table 5: SWAT Land use/cover reclassification scheen

Land use class SWAT code
Natural forest FRST
Plantation FRSE
Riverine forest WETF
Lake/Dam WATR
Wetland WETN
Woodland FRSD
Wooded rock SWRN
Cultivated woodland AGRL
Grassland PAST
Bushland RNGB
Cultivated land AGRC

Built up area URML
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iii. Editing inputs and running SWAT
Input data (climatic data) were prepared, edited saved into tab delimited format so
that can be read in SWAT. SWAT Database was coadesb as to link with SWAT
reference database (QSWATRefmdb) and weather genéYdGEN _Iringa) was set up.
Input data (Observed climatic data) which inclugescipitation (pcp), temperature
(tmp), relative humidity (rh), solar radiation amind speed were loaded in the model
and written under the Write SWAT Input Tables ifaee of the SWAT Model. Tables
for observed weather data were created and aftepleting creating table, the model

parameters were updated and the SWAT model was run.

3.2.2.3SWAT model calibration and validation

SWAT input parameters are process based and mumlthevithin a realistic uncertainty
range. Model Calibration is to adjust a set of paters so that the model agreement is
maximized with respect to a set of experimentaaditis the process of turning model
parameters based on checking results against @beey to ensure the same response
over time (Zerayet al, 2007). Validation is the process of determinihg degree to
which a model is an accurate representation oféhbworld from the perspective of the
intended uses of the model (Trucastoal, 2006). Calibration and Validation process in
SWAT model involves three steps which are Sengptaind Uncertainty Analysis, Model

Calibration and Model Validation.

i.  Sensitivity and Uncertainty Analysis
To understand how closely the model simulates tydrdhogical processes within a
watershed, it is critical to examine the influenok different parameters. Sensitivity

analysis is the computation of the most sensiteraimeters for a given watershed. In this



29

study a sensitivity analysis using the Sequentiatddtainty Fitting (SUFI-2) within the
SWAT-CUP model (Abbaspotet al., 2007) was used. The advantage of using SWAT-
CUP relies on the possibility of using differenin#ts of parameters including those
responsible for surface runoff, water quality pagtans, crop, parameters, crop rotation
and management parameters, and weather generasongiars (Arnolcet al., 2012).In
total 10 parameters (Table 6) were found to be reessitive for flow prediction in the
model. It was found that the curve number (CN2) \fees most sensitive parameter
followed by the base flow alpha factor (ALPHA-BFgroundwater delay time
(GW_DELAY), threshold water depth in the shallow udgr (GWQMN), and

groundwater “revap” coefficient (GW-REVAP).

Table 6: Most Sensitive Parameters and their fittedralues

Rank Parameter Code Parameter definition Fitted
Value

1 CN2.mgt Initial SCS CN Il value -0.641

2 ALPHA_BF.gw Baseflow alpha factor 0.637

3 GW_DELAY.gw Ground water delay 695.880

4 GWQMN.gw Threshold water depth in the shallowitegu 6.0758

5 GW_REVAP Ground water “revap” coefficient 0.36

6 ESCO.hru Soil evaporation compensation factor 3588

7 CH_NZ2.rte Manning'’s ‘n’ value for the main chahne 0.046

8 CH_K2.rte Channel effective hydraulic conductivit 69.770

9 ALPHA BNK.rte Baseflow alpha factor for bank stge 0.5199

10 SOL_AWC.sol Available water capacity of soilday 0.007

ii.  Model Calibration and Validation
Calibration is an effort to better parameterize @el to a given set of local conditions,

thereby reducing the prediction uncertainty. Mocigibration is performed by carefully
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selecting values for model input parameters (withieir respective uncertainty ranges)
by comparing model predictions (output) for a givest of assumed conditions with

observed data for the same conditions.

In this study calibration was conducted for dailydamonthly simulations to improve
model performance by using data from outlets of $wb-basins which are located in the
upstream and downstream areas of the catchmenlbr&adn was done for 10 years from
1989 to 1998, 10 years prior to 1989 were useavéom up period which was intended to
allow the model parameters to reach a steady statdition. Validation period was set
for 7 years period from 1999 to 2005. The calilmatand validation processes were

carried out using the Sequential Uncertainty Fit(8UFI-2).

3.2.2.4Simulation analysis

The calibrated model was then used to simulateastréows under changed land-

use/cover condition for the year 1990/2015, whilaintaining the same weather data.
The influences of the land use land cover changevater resource were quantified by

comparing SWAT outputs (Observed and SimulatedjHertime period 1990/2015. The

differences between observed and simulated diseharder changed land use land cover
were represented the effects of land use and laner changes on water resource in the

catchment.

The SWAT model using the Modified Universal SoildsoEquation (MUSLE) developed
by Williams (1975) (Appendix 2) was used to simeldhe sediment yield from the

catchments (Neitscét al, 2005). The simulated sediment yield resultstiertime period
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1990 and 2015 were compared, the difference wascgedto reveal the impact of LULC

change on sediment yields in Little Ruaha RivercGauent.

Objective iii: To predict the future changes in lanuse/cover, water and sediment yields
in Little Ruaha River Catchment

The present study utilized Markov Chain Analysisd @ellular Automata Analysis,
jointly called CA—Markov, to predict and simulateetfuture change of land use and land
cover in the Little Ruaha River Catchment. Futuranges in water and sediment yields
was assessed using a calibrated and validated SWvédel, by using a projected land

use/cover map of the year 2040 while maintainirgséame weather data.

3.2.2.5CA — Markov chain analysis

Markov chain is a statistical tool that descrildes probability of land use to change from
one-time period to another by developing a tramséi probability matrix between first
period and second period based on the neighboréfects (Al-Bakriet al.,2013; Wang
et al.,2014; Araya and Kabral, 2010). This model was thaseusing and evaluating land
use layers of previous years to predict the spdigttibution of land uses in the future
(Wu et al, 2010). For the better simulation for temporal apdtial patterns of land use
changes in quantity and space, the combinationetii@r automata and Markov chain

(CA-Markov) were developed.

The simulated model was developed by using IDREWV&17.0 software and it involved
two main stages which are calculating conversioobability (conversion probability
matrix, conversion area matrix and layers of coadél probability) done by using
Markov chain analysis, and the second stage wasakppecification of land use

coverage simulated based on CA spatial operatorautii criteria evaluation (MCE).
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In the developing CA Markov model, the classifiadd use map of 1990 which represent
past, and 2015 which represent present time wengected into IDRISI data format
(Figure 6) and selected to be input data into tbdet to calculate matrices of conversion
probabilities and conversion areas (Transition amesrix and transition probability

matrix).
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Land use/cover 2015
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Figure 5: Land use/cover maps used in developing Ciarkov model
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The transition probability matrix (Table 7) expresshe likelihood (probability) that a pixel of agn class that will change to any other

class (or stay the same) in the next time period

Table 7: Transitional probability matrix for land u se/cover change 1990/2015

Giver Probability of a ce to change (transition) ;
NF PL RF WTR WET WD WR Cw GR BS CLT BLT
NF 0.171¢ 0.124¢ 0.000: 0.000: 0 0.016¢ 0.003: 0.420¢ 0.070¢ 0.030: 0.157: 0.005:
PL 0.111: 0.357. 0.000. 0.000: 0 0.005% 0.001 0.146¢ 0.161¢ 0.025: 0.182¢ 0.00¢
RF 0.014° 0.004¢ 0.070¢ 0.000¢ 0.031: 0.085¢ 0.079¢ 0.015: 0.2 0.127¢ 0.337: 0.033:
WTR 0.001° 0.005¢  0.000¢ 0.292 0.231: 0.033: 0.038¢ 0.000: 0.090¢ 0.208¢ 0.075¢ 0.021¢
WET 0.013¢ 0.085: 0.000¢ 0.00z 0.142: 0.078¢ 0.091° 0.045¢ 0.162: 0.227° 0.141° 0.009:
WD 0.00¢  0.003¢ 0.004¢ 0.000. 0.005; 023: 0.184. 0.006! 0.187¢ 0.230° 0.111¢ 0.028¢
WR 0.008" 0.0072 0.000¢ 0O 0.000: 0.044: 0.138: 0.032 0.214°7 0.353: 0.162¢ 0.038:
Cw 0.034¢ 0.043¢ 0 0O 0.000 0.028¢ 0.016¢ 0.250: 0.160: 0.107¢ 0.335¢ 0.023¢
GR 0.007 0.021¢ 0 0O 0.006: 0.055¢ 0.038¢ 0.040¢ 0.362F 0.190¢ 0.25¢  0.021°
BS 0.011° 0.030¢ 0 0 0.000¢ 0.114: 0.037: 0.090¢ 0.227: 0.2597 0.218¢ 0.008¢
CLT 0.008¢ 0.01z 0.000: 0 0.003: 0.057: 0.041¢ 0.041¢ 0.271: 0.206¢ 0.334: 0.023:
BLT | 0.005: 0.00¢  0.001¢ 0 0.028 0.089, 0.035] 0.020° 0.254: 0.132¢ 0.315. 0.111¢
NF: Natural forest, PL: Plantation, RF: Riverine forest, WTR: Water, WET : Wetland, WD: Woodland, GR: Grassland,

WR: Wooded rock, CW: Cultivated woodland, BS: BushlandCLT : Cultivated landBLT : Built up
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The transition areas matrix (Table 8) expressesotiaéarea (in cells) expected to change fromythae 2015 to the year of 2040 according
to those changes happened from 1990 to 2015.

Table 8: Transitional area matrix for land use/cove change between 1990/2015

Cell Area in cells expected to change:
in NF PL RF WTR WET WD WR Cw GR BS CLT BLT
NF 30442 22126 12 26 3 2999 545 74534 12465 5337 27846 907
PL 30033 96362 21 26 4 1526 265 39509 43679 6769 49248 2426
RF 177 55 847 10 374 1033 958 184 2407 1534 4058 399
WTR 13 40 4 2132 1687 243 283 1 662 1526 554 158
WET 835 5323 35 122 8879 4911 5727 2858 10131 14225 8850 578
WD 3259 2531 3141 36 3406 150938 119760 4206 122233 149969 72599 18598
WR 4209 3489 312 1 123 21613 67174 15584 104434 171807 79069 18544
Ccw 21183 26753 27 6 49 17764 10174 153702 98476 65929 206090 14360
GR 11629 35770 49 0 10054 91847 64129 67501 599338 315549 421688 35914
BS 16350 42719 18 2 1094 159713 52099 126528 317696 362890 305895 12483
CLT 13756 19074 363 6 5293 90991 66651 66827 432309 329053 533105 36848
BLT 780 766 224 0 4366 13728 5463 3132 38892 20333 48204 17077
NF: Natural forest, PL: Plantation, RF: Riverine forest, WTR: Water, WET : Wetland, WD: Woodland, GR: Grassland,

WR: Wooded rock, CW: Cultivated woodland, BS: BushlandCLT : Cultivated landBLT : Built up
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In the final step of predicting and simulation tb&ure change of land use and land cover,
the land use map of 2015 was used as a base ngagtheo with conditional probabilities
data and matrix conversion probabilities were irdégd using the CA spatial operator

based on Markov chain analysis and MCE.

3.2.2.6. CA — Markov model validation

For model validation the simulated land use/covaprfor 2015 was compared with the
actual satellite derived land use/cover map baseth® Kappa statistics. Then, standard
Kappa index was used to check whether the modealid or not (usually the Kappa
Index for a valid model is >70%) (Wen, 2008). létimodel has the Kappa Index less than
70% then the suitability map for the land coverd &lter used should be repeated based
on several considerations. Using VALADATE tool, I3 gave the standard Kappa of
0.83, Kappa for no information of 0.89, Kappa foidecell level location of 0.86 and

Kappa for stratum-level location of 0.864 which allemore than 0.7.

Multiples of Base Resolution (MBR): 1 = 1 Infarmation of Quantity
Infarmation of Location Mafn] b edium[m] Perfect[p]
Perfect[P[=]] 0.4481 0.3301 1.0000
PerfectStratuml[=]] 0.4481 0.9501 1.0000
MediumGrid[M[=]] 0.3732 0.3985 08912
MediurnS tratura[H(=]] 0.0789 03732 0.3779
Ma[M[=]] 0.07E3 0.3732 0.3779
B soreeGridesl = 05193 ] DissgresQuartity = 00199 Kstandad = 0.8365
. AgreeStrata = [0.0000 l:l DizagreeStrata =0.0000 Kno = [1.8900
I:l Agreelluantity = 03023 l:l DizagreeGrideell = 00816  Klocation = 029642
- AgreeChance = 0.0783 KlocationStrata = 00642

Figure 6: The spatio-statistical output generatedn validation process
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

4.1 Spatial and temporal changes in land use and landoger in Little Ruaha River
Catchment for period 1990’s — 2015

4.1.1 Land use and land cover assessment

The land use land cover maps for the year 19906 20d 2015 are presented in Fig. 7, 8

and 9. Generally, the maps show variations in caoeserage between the two window

periods under consideration. Table 9 representsphgal distribution of land use/cover

coverage for the period between 1990 and 2015.

Table 9: Land use/cover area distribution between990 and 2015

YEAR 1990 2005 2015
Ha (%) Ha (%) Ha (%)
Natural forest 39872 6.26 22 957 3.60 15950 2.75
Plantation 20632 3.24 34 068 5.35 24285 181
Riverine forest 5878 0.92 2746 0.43 1083 0.18
Water 1752 0.28 1202 0.19 657 0.10
Wetland 19157 3.01 11785 1.85 5622 0.37
Woodland 109 692 17.22 72 809 11.43 58 554 9.48
Wooded rock 60 288 9.46 75121 11.79 43 767 6.87
Cultivated woodland 57 368 9.01 54517 8.56 55300 10.37
Grassland 118 784 18.65 129 797 20.38 148 795 23.82
Bushland 87394 13.72 111277 17.47 125759 20.65
Cultivated land 106 782 16.76 109047 17.12 143468 21.17
Built up area 9408 1.48 11674 1.83 13765 2.43

Total 637 007 100 637009 100 637005 100
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4.1.2 Land use/cover changes between 1990 and 2015
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The extent of land use land cover change includire@, percentage area change and percentage aateuaf change are summarised on

Table 10. The increased and decreased amountresegied by

positive signs (+) and (-) respectively

Table 10: Land use/cover change between 1990 andd80and between 2005 and 2015

1990 2005 2015 1990-2005 2005-2015
Change  Ratoof Puedl [ Change Ratoof  Raeol
LULC Ha % Ha % Ha % Area change (Ha) (%)g Change  change C?Hag)ge (%)g Change change
(Halyear) (%lyear) (Halyear) (%lyear)
NF 39872 6.26 22957 3.6 15950  2.50 -16915 -2.66  -BIR7. -2.83 -7007  -1.10 -700.70 -3.05
PL 20632 3.24 34068 5.35 24285  3.81 13436 2.11 895.73 4.34 -9783  -1.54 -978.30 -2.87
RF 5878 092 2746 043 1083 0.17 -3132 -0.49 -208.80 3.55- -1663  -0.26 -166.30 -6.06
WTR 1752 0.28 1202 0.19 657 0.10 -550 -0.09 -36.67 9-2.0 -545 -0.09 -54.50 -4.53
WET 19157 3.01 11785 1.85 5622 0.88 -7372 -1.16 -491.47 -2.57 -6163 -0.97 -616.30 -5.23
wD 109692 17.22 72809 11.43 58554 9.19 -36883 -5.79 458387 -2.24 -14255  -2.24 -1425.50 -1.96
WR 60288 9.46 75121 11.79 43767  6.87 14833 2.33 988.87 1.64 -31354 492  -3135.40 -4.17
cw 57368 9.01 54517 856 55300  8.68 -2851 -0.45 -190.0 -0.33 783 0.12 78.30 0.14
GR 118784 18.65 129797 20.38 148795 23.36 11013 1.73 34.20 0.62 18998  2.98 1899.80 1.46
BS 87394 13.72 111277 17.47 125759 19.74 23883 3.75 92.28 1.82 14482 2.27 1448.20 1.30
CLT 106782 16.76 109047 17.12 143468 22.52 2265 0.36 1.005 0.14 34421 5.40 3442.10 3.16
BLT 9408 1.48 11674 1.83 13765 2.16 2266 0.36 151.07 61 1. 2091 0.33 209.10 1.79
TOTAL |637007 100 637000 100 637005 100

NF: Natural forest PL: Plantation RF: Riverine forest

CW: Cultivated woodland GRGrassland BS: Bushland

WTR: Water WET: Wetland WD Woodland WR: Wooded rock

CLT: Cultivated land BLT: Built up area



42

The results, indicate that for the period betwe880land 2005 the area under natural
forest which occupied 39872 ha (6.26%), decreaseZl957 ha (3.6%), indicating the
decrease of about -2.66%. Likewise, riverine foessl woodland decreased from 5878
ha (0.92%) and 109692 ha (17.22%) to 2746 ha (048861 72809 ha (11.43%)
respectively, a decrease of -0.49% and -5.79% feerine forest and woodland
respectively. Water and wetland decline from 1784M28%) and 19157 ha (3.01%) to
1202 ha (0.19%) and 11785 ha (1.85%) indicatingltiss of -0.09% for water and -
1.16% for wetland. At the same time, cultivateddlamd built up area showed an increase
from 106782 ha (16.76%) to 109047 ha (17.12%) amch 9408 ha (1.48%) to 11674 ha

(1.83%) respectively, indicating the gain of abe0t36% and +0.36% respectively.

For the period between 2005 and 2015, the nataresf, riverine forest, woodland, water
and wetland declined to 15950 ha (2.50%), 10830hkE/00), 58554 ha (9.19%), 757 ha
(0.1%) and 5622 ha (0.88%) respectively, indicatihg percentage loss of -1.1%, -
0.26%, -2.24%, 0.09%, and -0.97% respectively.tRersame period of time, cultivated
land and built up area increased to 143468 ha 222)5and 13765 ha (2.16%)

respectively, a gain of +5.4% for cultivated lamal a-0.33% for built up area.

Natural forest decreased at a rate of -1127.67eha/f¢2.83%/year) over a period of 15
year (1990 - 2005), and -700.70ha/year (-3.05%])yeeer a period of 10 years (2005-
2015), likewise, riverine forest, woodland showedimilar trend of decline. This rapid
decrease in forest cover might be due human enunoawts for timber, firewood and
medicine, noticeable felling of trees for expansainagricultural farms. This has also
been emphasized by local people during baselineegukwhere by respondent reported

fire burning and cutting tree has been seriouslprobn recent years.
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Water decreased at a rate of -36.67 ha/year (-2y@3%9 over a period of 15 year (1990 -
2005), and -54.50 ha/year (-4.53%/year) over aopenf 10 years (2005-2015), likewise
wetland decreased at a rate of -491.47 halyeab7@@year) and -616.30 hal/year (-
5.23%lyear) for the same period of time. The lindecrease of water resource is due to
destruction of riparian zones. Tanzania Governntead been restricting agricultural
activities that are carried along rivers, in catelts and in all valley bottoms, but still
many areas of this type are used for agricultuctiviies. Bottom valley cultivation
(Vinyungu) is the most dominating traditional iigon farming observed during field
survey. Vinyungu, type of farming practiced in é¢igason play a great role in converting
wetland into cultivated land which in turn threatee sustainability of wetlands to supply
vital ecosystem services especially water dischabgging survey more than 90% of
farmers practice vinyungu cultivation in dry seas@ther factors for the observed
decrease of water resource are drying up of waidreb due to decrease in rainfall and

increase in competitors’ user.

The cultivated land and built up area increasea @te of 151 ha/year (0.14%/year) and
151.07 halyear (1.61%/years) over a period betvi®®® and 2005, and increased at a
rate of 3442hal/year (3.16%/year) and 2091 ha/y&80%o/year) for cultivated land and
built up area respectively for the period betwe@32and 2015. This rapid increase
might be due to clear felling of trees mainly waodls for firewood, and population
increases (Figure 10) that leads to the expandidarmlands and settlement to sustain

the livelihood of local communities.
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Figure 10: Population data for Iringa region (Soure: TNBS)

4.1.3 Change detection of different land use/cover

The overall gain and loss of land use/cover betwtenperiod 1990 and 2015 are
presented in Table 12 and illustrated in FigureTte net change of each land use/cover
category is presented in Figure 12, and the chalegection matrix for the different
periods between 1990 and 2015 are presented i Tabl12 and 13 clearly reflecting on

the land use transformation in the Little RuahagrRi@atchment.
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Figure 11: Gain and looses by each land use categdretween 1990 and 2015
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Table 11: Change detection matrix for the period 0fL990 to 2005

Coverin Cover in 2005 (Ha)

1990 NF PL RF WTR WET WD WR CW GR BS CLT BLT TOTAL
NF (9238) 10721 15 11 27 837 361F 829t 652 352z 2611 10z 39648
PL 2333 (12020 1 2 2 29 163C 1122 675 195¢ 42¢ 25 20494
RF 517 111  (652) 21 65¢ 1371 41¢ 177 625 35 1044 19C 5819
WTR 88 50 135 (839 24E 48 44 1 4Q 3 10C 17 1613
WET 1154 1207 962 107 (4610 1882 5084 81¢ 46C  114¢ 95k 13 18521
WD 1743 654 631 10 156( (4604¢) 18545  141C 1292z 823¢ 15207 293 109 398
WR 519 391 27 0 10 475z (21419 650 1421C 311z 668z 234t 59 966
Cw 3043 3484 7 1 9 1067 844C (1728, 523z 7275 10362 891 57092
GR 847 195 47 28 104t 7105 6351 635¢ (39609 2570z 25821 273: 117600
BS 1458 1841 5 2 1147 3507 659 727¢ 1227C (41197 1089C 758 86 937
CLT 1316 1087 10¢ 48 1364 993C 976¢ 584% 15301 1839t (4078¢) 234€ 106 294
BLT 306 36 19t 25 1228 127 681 256  123¢ 857 188C (1212 9183
TOTAL 22563 33553 2786 1095 11898 78113 82584 55350 103230 111447 11626313681 637 065

NF: Natural forest,

PL: Plantation,
GrasslandWR: Wooded rock,

RF: Riverine forest, WTR: Water, WET : Wetland,
CW: Cultivated woodland, BS:Bushland CLT : Cultivated landBLT : Built up

WD: Woodland,

Numbers in brackets indicate cover areas that mdainchanged between the two periods of 1990 @06. 2

GR:
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Table 12: Change detection matrix for the period oR005 to 2015

Cover in Cover in 2015 (Ha)

2005 NF PL RF WTR WET WD WR CW GR BS CLT BLT TOTAL
NF (4867  210° 72 14 37z 97¢ 43¢ 6344 2425  141F 3587 35¢ 23 063
PL 455¢  (1031) 14 14 50 39C 26E 8047 297C 1107 5524 30¢ 33553
RF 32 0 (362) 0 32t 217 112 6 522 35€ 73¢ 114 2786

WTR 3 7 0 (615) 80 8 1 3 25 22C 79 55 1 095

WET 7 62 2 8 (2855  56¢ 244 25 2512 230z  320¢ 11C 11 898

WD 39¢ 29¢ 43¢ 1 14z (24969 1469¢ 777 965C 18084 7384 1281 78113

WR 1532 2 50¢ 11€ 5 12C 663C (1435¢ 482C 1627C 23001 11344 187C 82584

CW 1851 2717 1 0 2 1636 128€¢ (1883() 7772 685€ 1347¢ 924 55 350
GR 56 143¢ 40 0 30¢ 1982 321¢  285( (49946 1512F 2476E 3004 103230
BS 105z 335¢ 1 0 62 15262 6826 7756 1743€¢ (352049 2395¢  52¢ 111447

CLT 87z 1314 15 0 76¢  457¢ 1556 544€ 3481€ 1773% (46520 213¢ 115763

BLT 41 35 19 0 10E 951 57 241 3364 3241 235 (2767 13681

TOTAL 15777 24150 1077 657 5186 58171 43578 55144 1477104642 143029 13448 637065
NF: Natural forest, PL: Plantation, RF: Riverine forest, WTR: Water, WET : Wetland, WD: Woodland, GR:

GrasslandWR: Wooded rock, CW: Cultivated woodland, BS:Bushland CLT : Cultivated landBLT : Built up

Numbers in brackets indicate cover areas that mdainchanged between the two periods of 2005 @ibS. 2
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Table 13: Change detection matrix for the period 0fl990 to 2015

Cover in Cover in 2015 (Ha)
1990
(Km?) NF PL RF WTR WET WD WR CW GR BS CLT BLT TOTAL
NF (805¢)  479¢ 3 6 1 65C 11€ 1615t 2702 1157 603t 197 39876
PL 2071 (866¢) 1 2 0 10t 18 272¢ 301z 467 339¢ 167 20634
RF 85 27 (487) 5 18C 49¢ 461 88 116( 73¢ 195¢ 192 5878
WTR 3 9 1 (602) 37E 54 63 0 147 33¢ 12¢ 35 1752
WET 24¢ 158t 11 36 (3209 146z 170t 851 301¢ 423t 263t 172 19160
WD 52C 404 501 6 544 (29939 1911¢ 671 1951(C 23937 1158t 296¢ 109705
WR 507 42C 38 0 15 2602 (9797) 1877 12581 20697 952t  223¢ 60295
CW 1861 2351 2 1 4 1561 894 (16887) 8652 579 1810¢ 126- 57375
GR 75z 231 3 0 65C 5937 414¢ 436 (5066() 20397 27257 2321 118798
BS 95¢  250¢ 1 0 64 9371 3057 742¢  1864( (26702)  1794¢ 732 87404
CLT 84C 116« 22 0 32¢ 5558  406¢ 408C 26391 2008¢ (42019  224¢ 106795
BLT 47 46 14 0 262 82€ 32¢ 18¢ 233¢ 122¢ 289¢ (1236 9409
TOTAL 15952 24288 1083 657 5623 58561 43772 55306 148812 125774 143485 13767 637080
EF: Natural forest, PL: Plantation, RF: Riverine forest, WTR: Water, WET : Wetland,WD: Woodland, GR: GrasslandWR:

Wooded rock CW: Cultivated woodland, BS:Bushland CLT : Cultivated landBLT : Built up

Numbers in brackets indicate cover areas that medainchanged between the two periods of 1990 @ib6. 2
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4.1.3 The impacts of land use/cover change on water anddiment yields in the

Little Ruaha River catchment for the period 1990’s- 2015
4.1.3.1SWAT Model Calibration and Validation results
Calibration was conducted in two sub-basins locatedpstream and downstream, for
Makalala station and Mawande station respectivete calibration process was done by
comparing the simulated stream flows with the messstream flows for each gauging
station. Comparison of the results between the wmedsand calibrated stream flows
show a good agreement with NSE, PBIAS and RSRs8tai values falling within the
range of good to very good models (Table 14). Cafibn hydrograph are presented in
Figure 13 and Figure 14, both are at monthly tiegp.sThe simulated mean monthly
streamflow in Little Ruaha at Makalala station Was92 ni/s while the observed was
21.58 ni/s. The difference was not significant for the detveam gauging station as
well, where the observed monthly stream flow w&83n¥/s compared to the simulated
2.93 ni/s.

Table 14: Calibration and Validation Results for the streamflow model output

Stations Evaluation Statistics
NSE PBIAS RSR
CB VD CB VD CB VD
Makalala 0.8 (vg) 0.65(g) -1.5(0) -27.5 () 04g) 0.59 (g)
Mawande 0.75(vg) 0.65(g) 6.4(vg) -28.2 (s) 0 (v 0.59(g)

CB: Calibration VD: Validation vg; very good Vv; good s; satisfagto
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Figure 13: 95% Prediction Uncertainty calibration hydrograph at Mawande station
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Figure 14: 95% Prediction Uncertainty calibration hydrograph at Makalala station

Graphical results for the validation period for thgears from 1999 to 2005 are shown in
Figure 15 and Figure 16. Results further show $siatilated mean daily stream flow was
17.52 ni/s and observed mean daily flow was 23.0%snfor Makalala gauging station

and simulated mean daily stream flow of 2.8%smvith observed mean daily stream flow

of 3.21 n¥/s for Mawande gauging station.
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Figure 15: 95% Prediction Uncertainty validation hydrograph at Mawande station
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Figure 16: 95% Prediction Uncertainty validation hydrograph at Makalala station

4.1.3.2Impacts of land use/cover change on water and sedamt yields

Results (Table 15) indicate that land use and tanwér change between 1990 and 2015
has contributed to the increase in annual surfaeff by 3.53mm and decrease in annual
base flow by 2.86mm. Evapotranspiration and poaémtvapotranspiration decreased by
41.1mm and 232.1mm respectively. As explained bgsfiaigili 2008) that decrease in
forest cover influence the increase in surface flow decreasing opportunity of
infiltration which in turn impact water yield anédiment yield. The annual water yield

has increased from 134.35mm to 178.21mm and smsiar increased by 1.2 ton/ha.
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Table 15: Annual Hydrological summary for the wateshed

WATER SEDIMENT

Year SURQ ET PET

YIELD (mm)  YIELD (t/h)
1990 48.84 546.9 1814.9 8.94 134.35 2.214
2015 52.37 505.8 1582.8 6.08 178.21 3.420
Change +3.53 -41.1 -232.1 -2.86 +43.86 +1.2
SURQ: Surface runoff contribution from strefiow from HRU (mm)
GWQ: Ground water contribution to streamvatershed on day, month, year (mm)
PET: Potential evapotransipiration inevahed (mm)
ET: Actual evapo-transpiration in watexd (mm)

The decreases in base flow and evapotransipiraéoe a potential effect on the change
in annual river flow (Figure 17). Results from Lanske and land cover change scenarios
show, the mean annual flow has increased from 22680 29.69mm with respect to the

change of land use and land cover from 1990 to 2015
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Figure 17: Annual mean flow with respect to LULC clange scenario (1990 and 2015)
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The study findings indicate that the change inléimel use/covers has a significant impact
to the hydrological response of Little Ruaha Ri@atchment. The expansions in
agricultural activities and built up areas are dilenked with the increased water use for
irrigation and domestic use. The land use changadicularly, conversion of natural
forest (Natural forest, woodland and riverine forebetween 1990 and 2015 are
associated with the increased runoff generatiorcgs® Increase in storm runoff is
mainly due to the reduced infiltration rate whemegi is converted to other land uses
(Kiersch, 2000; Allan, 2004). These changes in flugeneration are in agreement with
the general knowledge that reducing forest covaddeinto an increase in water yield
(Kashaigili, 2008). Furthermore, the decrease (ifiltiation and evapotranspiration
observed in the study is accompanied with the atitar of natural forest. This was
highlighted in Bru-ijnzeel (1990), as cited in Kagiili (2008) that forest cover removal
decreases the opportunity of infiltration to théeex that surface flow exceeds the gain in

base flow which results in diminished dry seasdioal.

Studies from Tanzania and other different counthase also shown the influence of
landuse changes on runoff generation (e.g. Kashaigd Majaliwa 2013; Haile and
Assefa, 2012; Balthazar at., 2014). According to this study, it is apparentgar that,
land use and cover changes impact on the wated yetl sediment yield and have
implications on the sustenance flow regimes pdgity dry season river flows which in
turn cause adversely impacts to biotic componemtcosystem found within and outside

the catchment.
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4.1.4 Future changes in land use/cover, water and sedimeyields in Little Ruaha
River Catchment

4.1.4.1Future change in land use and land cover in LittldRuaha River Catchment

The land use land cover map for the next 25 yearprésented in Figure 19. The

conditional probability maps that express the pbilligt that each pixel will belong to

designated class in the next 25 years are presentdédgure 18. They are called

conditional probability maps since this probabilgyconditional on their current state. So

these maps are a cartographical presentation afethsition probability matrix.
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Figure 18: Conditional probability images for eachland use/cover
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lllustrations to Figure 18
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The statistical analysis of land use land covetther predicted year 2040 is illustrated in
Table.16. An overall change in land use and lancecan all the twenty five years of
prediction revealed that, the grassland will dortenéy occupying 25% which is
equivalent to 160422 ha of the catchment followgdbltivated land which is expected
to cover 24.82% equivalent to 158132 ha. Naturakdb coverage will decrease
from15950 ha (2.5%) existing in 2015 to 11936 h&1{%), riverine forest will decrease
from 1083 ha (0.17%) experienced in 2015 to 4610x7%), woodland will decrease
from 58554 ha (9.19%) existing in 2015 to 50158 h87%). As explained by Kashaigili
(2008) that decrease in forest cover impact wasources, this has been revealed in this
study due to projected decrease in water bodies vegtthnd whereby water bodies
coverage and wetland expected to decrease to 21(0.83%) and 3183 ha(0.5%),

respectively.

Table 16: Percentage of predicted land use/cover bad on CA-Markov model

LULC 204(
Area(Ha) Coverage (%

Natural fores 1193¢€ 1.87
Plantatiol 22 95C 3.6C
Riverine fores 461 0.07
Watel 211 0.0¢
Wetlanc 318¢ 0.5C
Woodlanc 5C 15¢€ 7.87
Wooded roc 35387 5.5€
Cultivated woodlan 42901 7.8<
Grasslan 16C 422 25.1¢
Bushlant 13C 02z 20.41
Cultivated lan 15€ 132 24.82
Built up 1424z 2.2¢4

Total 637007 100
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4.1.4.2Expected changes in water and sediment yields in ttle Ruaha River
Catchment

Table 17 presents SWAT simulations of the futurenscios. Results show that for the

next 25 years the average annual surface runafferand flow will increase from 52.37

mm in 2015 to 154.28 mm in 2040, an increase ofADIm. However, the average

annual water yield will increase to 206.26 mm whigh result to the increase of soil loss

from 3.42 t/ha to 11.352 t/ha, the increase of Z #3a from 2015.

Table 17: Annual Hydrological summary for the watesshed for the year 2040

WATER SEDIMENT

Year SURQ ET PET GWQ

YIELD (mm)  YIELD (t/h)
2015 52.37 505.8 1582.8 6.08 178.21 3.420
2040 154.28 479.8 1814.6 7.98 206.26 11.352
Change +101.91 -26 +232 +1.9 +28.05 7.932
SURQ: Surface runoff contribution from stream flobwm HRU (mm)
GWQ: Ground water contribution to stream in watedson day, month, year (mm)
PET: Potential evapotransipiration in watershethjm

ET: Actual evapo-transpiration in watershed (mm)
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CHAPTER FIVE

5.0 CONCLUSIONS AND RECOMMENDATIONS

This study has examined the impact of land useland cover changes on water and
sediment yield in Little Ruaha River Catchmemhe findings have revealed that the
study area has undergone notable changes in terhas use and land cover for the
period between 1990 and 2015. Local knowledge aligd various factors associated to
land use and cover change that includes fire, vailon along riparian zones, and
deforestation. The results indicate that land use®land cover change has a significant
impact to the hydrological response of the catchim&he greater increase of sediment
yield and surface runoff with the decrease of bfiee and lateral flow which has
contribution to stream flow was directly associatath the transformation of land use

and land cover in the catchment.

The study concludes that the modification of thedlaise and cover has resulted in

changes in temporal distribution of runoff withlmetcatchment. The study highlights the

effects of landuse and land-cover changes on sedigneld and water resources for an

informed decision on proper catchment planningraadagement.

Therefore, to ensure sustainability of the ecosyservices from Little Ruaha Rviver

Catchment, the study recommends the following

I. A follow- up study is required to investigate apmiate interventions and

alternative livelihood strategies in the area tcebonate the current situation.
According to the model results, it is necessargrascribe appropriate soil and
water conservation practices to control the strdlmw and sedimentation

problems in the catchment.
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The SWAT model is also capable of identifying aredthin the basin with
high water and sediment yield. This provides a wlsejuideline for
formulating policies and developing plans to achiesustainable land
development. Based on the model output at the HR#El| high erosion areas
may be easily identified within the basin. Subsedquend development should
avoid such areas because of the need to adequatetgct them with

appropriate conservation strategies.
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APPENDICES

Appendix 1: Classification accuracies (%)

1990 2005 2015
PA UA PA UA PA UA

Natural forest 99.65 99.76 100 94.85 99.10 99.10
Plantation 100 99.62 97.37 99.93 98.93 98.40
Riverine forest 99.61 100 91.66 98.50 100 100
Water 99.81 100 100 99.65 100 100
Wetland 100 99.95 99.18 99.81 99.76 100
Woodland 99.81 99.46 97.08 97.61 98.80 98.57
Wooded rock 98.53 99.01 97.11 96.34 99.84 99.69
Cultivated woodland  96.93 98.95 90.56 100 98.15 488.
Grassland 99.47 99.47 100 99.47 99.62 99.89
Bushland 100 100 97.90 98.24 99.50 99.40
Cultivated land 99.80 99.42 99.04 97.52 99.48 98.33
Built up land 100 100 99.41 98.83 99.25 100
Overall accuracy 99.79 98.43 99.25

Kappa statistic 0.99 0.98 0.99
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Appendix 2: Modified Soil Loss Equation (MUSLE)

Sed = (qurf “qpeak areahru)O.SGKUSLE *Cysie " Pysie - LSysie " CFRG
WhereSedis the sediment yield on a given day (metric tp@s)ris the surface runoff
volume (mm HO/ha),gpeaxis the peak runoff rate (its), areaw is the area of the HRU
(ha), Kuste is the USLE erodibility factor (0.013 metric torfm/(m?-metric ton cm)),
CustLe is the USLE cover and management factgg Hs the USLE support practice

factor, LSsce is the USE topographic factor and CFRG is thesm&iagment factor.



