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ABSTRACT

A study was conducted to investigate the hydrological impacts of land use land-cover

changes and climate variability on stream flow of the Little Ruaha River. Remote sensing

and GIS techniques and Soil and Water Assessment Tool (SWAT) model were used.

Landsat TM and ETM+ images of 1990, 1998 and 2011 were used to locate and quantify

the changes which have occurred in the catchment. The reason to select these periods was

to get good and clear images; there were no clear images for 198O.The study revealed a

significant change in land use land cover within a period of 21 years. Between 1990and

1998, the woodland and wetland covers declined by 2.6% and 9% per year, and 1998 and

2011 declined by 1.4% and 3.1% per year, respectively .Physical based SWAT model

was calibrated for the period 2000 to 2006 based on the available climatic data and was

validated for the period 2007 to 2009. The Nash-Sutcliffe model efficiency (ENS) and

coefficient of determination (R2) for annual flow were 58% and 65% respectively during

calibration period and 72.68% and 77.35% during validation period respectively. Both

land use land cover change and climate variability decreased runoff by 23% and 59.67%

respectively. The climate variability influenced the surface hydrology more significantly

than land use land cover change in Little Ruaha River catchment. The study concludes

that, the modification of the land use and land cover and climate variability has resulted

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

considering effects of land use land cover changes and climate variability on ecosystems

and water resources for an informed decision on proper catchment planning and

management.
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background Information

The problem of water shortage and competition is getting increased attention in the field

of water management. Good quality ground and surface water may become too scarce to

allow for sustainable use for various functions (Palamuleni and Annegam, 2011).

With increasing human activities and climate variability, it is important to understand

interactions between hydrological regimes ,Climate variability and associated land use

land cover change in the catchment (Boyer, 2004).

Land use land cover change (LULC) and climate variability can have major impacts on

catchment hydrology and these impacts can be strongly interrelated (Boyer, 2004).

Climate variability and water use competition being even more important considerations

response to climate variability and land cover change is fundamental (Boyer, 2004).

This includes understanding the susceptibility of catchment response characteristics to

shifts in the magnitude, intensity (Boyer, 2004), and seasonality of rainfall, length of

change (Rientjes et al., 2011). Climate variability and land cover change are expected to

alter regional hydrologic conditions and results in a variety of impacts on water

resources system throughout the world (Zhang et al., 2007). Potential impacts may

evapo-transpiration, soil moisture,

water temperature, stream flow volume, timing and magnitude of runoff, and frequency

and severity of floods all of which would cause changes in other environmental variables

include changes in hydrological processes such as

dry spells and temperature increases as well as the impacts of large scale land use

in catchment management, improved understanding of sensitivity of the catchment
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plant growth, and sediments and nutrient fluxes into water bodies

(Gao et al., 2012).

regionally and between scenarios, largely following projected changes in precipitation

(Fohrer et al., 2001). Africa is the region most vulnerable to negative impacts of climate

variability and land cover change on water catchment and at the same time has low

adaptive capacity (IPCC, 2007). Climate change is one of the great challenges facing the

Little Ruaha River catchment area as well as other river catchments in Tanzania

(Richard et al., 2011).

The freshwater of Little Ruaha River catchment is vulnerable to the consequences of

changing climate such as drought, which is believed to have negatively impacted on the

livelihood of people through decreased crop and livestock production, and on the

biodiversity. The catchment area is characterized by multiple land uses such as irrigated

dynamic and extremely complex ecosystem. Land use land cover change and climate

variability are key factors to consider in management of fresh water of Little Ruaha

River Catchment.

1.2 Problem Statement

international crisis, largely brought upon by

mismanagement and climate change (Richard et al., 2001; Kashaigili et al., 2013). Land

cover changes and climate variability in the catchment can affect water supply byaltering

hydrological processes such as infiltration, ground water recharge, base flow and stream

flow (Li et al., 2009). A number of studies shows that changes in vegetation cover

Freshwater demand is fast becoming an

agriculture, livestock keeping, environmental conservation, wildlife and tourism, a

such as

The effect of climate variability on stream flow and groundwater recharge varies
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throughafforestation or de forestration lead to increase or reduction in water yield and

such changes have been observed in catchments ofdifferent sizesranging from less than 1

km2 to over 1000km2 (Palamuleni and Annegani, 2011; Fahrer et al., 2001; Zhang et al.,

2001). Tadele and Fbrch (2007) reported an increase of mean monthly discharge for wet

months by 12.5%, while in the dry season a monthly decrease of up to 30.5% in Hare

River Watershed, Ethiopia. Study by Githui (2008) in Nzoia River basin, Kenya

revealed that without climate variability, land use land cover changes would account for

difference in runoff of about 55-68%. On the other hand, change in climate without land

cover change accounted for a difference in runoff of about 30-41%. However combined

effects of climate variability and land cover changes to reveal how interactions of

climate and land use land cover change may produce different impacts on stream

discharge of a catchment is not known (Hua and Tong, 2008). There is a lack of

information on links between, precipitation and temperature patterns as well as the role

of land use land cover change on stream flow (Khairy and Sensing, 2000). Therefore

this study tried to bridge this knowledge gap by assessing the impacts of climate

variability and land use land cover change on stream flow in the Little Ruaha River

Catchment.

1.3 Justification of the Study

This study assessed and quantified the changes that have taken place (land use land cover

change and climates), their impacts on the water resources of the catchment and the

future potential impacts of these water resources with respect to the changing

environment. The study is important because it adds to the initiatives in catchment

management by enhancing the understanding of impacts of various environment (land

use land cover changes) and climatic scenarios which, consequently indicate a potential

for measurable changes in the conditions that control water yields including rainfall,
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temperature and stream flow. The study also provides the statistics on water yield of the

catchment especially under impacts of significant land use land cover change and climate

variability. The findings are very important because could be useful in water resource

management of the catchment for sustainable use. The study findings could aid in proper

decision making on catchment management, policy making as well as water use plans

and will be useful to water managers like Rufiji Basin Water Office, catchment

management officials, water user groups like domestic use and agricultural use especially

irrigation association groups as well as Mtera hydropower plant, Ruaha National Park,

researchers and academicians.

1.4 Objectives

1.4.1 Overall objective

To assess the impacts of climate variability and land use land cover change on stream

flows in the Little Ruaha River Catchment.

1.4.2 Specific objectives

The specific objectives of the study were:

To assess trends in climate parameters (temperature, precipitation) from thei.

period of 1980 to 2012.

To assess the land use land cover changes in the Little Ruaha River Catchment foru.

the period 1980 to2012.

To determine the impact of land use land cover changes and climate variability oniii.

stream flow characteristics (surface runoff, peak flow, seasonal flow) in the Little

Ruaha River Catchment.
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1.5 Conceptual Framework

Climate variability may cause variations in climatic parameters like temperature,

precipitation, which can impact stream flow characteristics like base flow and river flow

regimes. However, increased human activities like expansion of agricultural farms and

urban settlement result into land use land cover changes that affect stream flow.

To understand their compounding impacts on river flow characteristics, modeling through

use of distributed and semi-distributed models is inevitable. As such SWAT, a semi­

distributed model has been considered (Fig. 1).

Climate Variability e.g. Land use land cover change e.g.

•+ ■>

1
"X

<*■ *

V.

Figure 1: Conceptual framework of the study

Impact analysis 
SWAT simulations

• Rain fed and irrigated 
agriculture

• Deforestation and Afforestation
• Settlement expansion

Scenario analysis
• change in temperature
■ change in rainfall

Scenario analysis
■ Land cover land use 

change 

Hydrological processes e.g.
• Runoff generation
• Dry season flow
• Timing and shifts in flow regimes

Variations in 
o temperature, 
« precipitation,
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CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Definitions

(i) River flow

A river is a natural water course, usually freshwater flowing towards an ocean, a lake, a

sea or another river. In some rare cases a river could flow into the ground and dry up

completely at the end of its course, without reaching another body of water. Small rivers

may be called by other names including stream, creek, brook, rivulet and rill. Rivers are

river from precipitations

through a drainage basin from surface runoff and other sources such as ground water

recharge, springs and the release of stored water in natural ice and snowpack e.g. from

glaciers.

A stream flow or river flow or channel runoff, is the flow of water in streams, rivers and

other channels, and is a major element of the water cycle. It is one component of the

runoff of water from the land to water bodies, the other components being surface runoff.

River can flow down mountains, through valleys (depressions) or along the plains and

towards the source of the river i.e. against the direction of flow. Likewise, the term

downriver (downstream) describes the direction towards the mouth of the river in which

the current flows.

River flows in a specific geographical region is affected by rainfall, evaporation,

topography, lithology, vegetation heterogeneity and other factors, including regional and

global climatic fluctuations (Costa and Cadile, 2003). Estimation of river flows

part of the hydrological system. Water generally collects in a

can create canyons or gorges. The term upriver (upstream) describes the direction



7

variability is important for many practical purposes particularly in water resource

management. These include reservoir operations, irrigation management, hydroelectric

power generation, flood and drought control and recreational sports. Specifically,

knowledge of temporal variability can be used to assess extreme events of floods and

drought. Development of appropriate mathematical and statistical models of river flow

variability may lead to a better understanding of river flow dynamics and aids in

forecasting and strategic planning for control of catastrophic events.

catchment area of several thousand square kilometers, whereas a smaller tributary will

have a catchment area of only a few hectares (FAO, 1997). River basin is the portion of

land drained by a river and its tributaries (FAO, 1997). It encompasses the entire land

another, and eventually into one river. The difference between a River catchment and

River Basin is that, the River Basin is an area of land drained by a River and its

tributaries. River Basin has typical features like; tributaries, a watershed, a confluence,

source and mouth.

(ii) Climate variability

Climate variability refers to the climatic parameter of a region varying from its long-term

climate variability as variations in the mean state and other climate statistics (standard

deviations, the occurrence of extremes, etc) on all temporal and spatial scales beyond

those of individual weather events. Variability may result from natural internal processes

mean every year in a specific time period (Kadigi et al., 2004). IPCC (2007) defined

surface dissected and drained by many streams and creeks that flow downhill into one

A catchment is an area that catches rainfall and directs it to a stream, river or reservoir

within the climate system (internal variability) or from variations in natural or

(Salehe et al., 2012). Catchment areas vary greatly in size - a big river may have a
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anthropogenic external forces (external variability) (FAO, 1997). Climate variability is

different from climate change. The United Nations Framework Convention on Climate

indirectly attributed to human activity that alters the composition of the global

atmosphere in addition to natural climate variability observed over comparable time

periods.

(iii) Land use land covers change

The term ‘land use’ is used to describe human uses of the land, including actions that

modify or convert land cover from one type to another.Land cover refers to the physical

and biological cover over the surface of land, including water, vegetation, bare soil,

and/or artificial structure.

2.2 Impacts of Climate Variability on Stream Flow

There are many different ways in which climate variability may affect catchment

behaviour. Examples are such as changes in rainfall totals, locations, seasonality and

intensity, effects on temperatures, radiation and evaporation (Roberts, 1998), and effects

indications that the frequency of

heavy rainfall events is likely to increase (IPCC, 2001), and studies have shown that

variability is expected to increase with changes in monthly totals greater than annual

change (Amell and Reynard, 1996). However, in general, it is difficult to quantify these

global climatic model (Amell and Reynard, 1996; Sefton and Boorman, 1997). Some of

the effects and impacts of climate variability on stream flow (IPCC, 2001) include:

Changes in variability, spatial patterns and seasonality of precipitation andi)

changes in temperature will have the effect of changing the soil moisture,

effects as they occur at higher resolutions in space and time than can be predicted by a

on drainage density (Moglen et al., 1998). There are

Change (UNFCCC, 2012) defines climate change as a change of climate directly or
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iii) Increased photosynthesis, reduced transpiration due to CO? enrichment, leading

to increased water use efficiency.

iv) Factors leading to changes in water yields and high stress on water delivery

systems include; faster plant growth, increased evaporation from lakes and

reservoirs, reduced runoff and reduced groundwater recharge, higher demand for

water for irrigation, bathing and cooling due to increased temperatures.

Changes in drought and flood hazards will cause changes in seasonal waterv)

replenishment, risk in flood plains and the areas affected. These will alter water

resources and reservoir operations; river runoff and groundwater recharge, peak

runoff and basin hydrology. These will consequently cause changes in projected

yield of reservoir systems, water quality, water supply infrastructure and

requirement of storage in water supply systems.

2.3 Impacts of Land Use Land Cover Change on Stream Flow

Many studies have been carried out to estimate the effect of LULC changes on the

hydrologic response of catchments. The canopy intercepts rain and reduces the force with

which it strikes the ground, thereby reducing erosion (Costa and Cardille, 2003).

The canopy also reduces wind velocity and therefore wind-caused soil loss. Grasses,

shrubs and trees make up the major plant cover types in a catchment, and all are

important in catchment management

In many tropical regions, large-scale changes in land cover involve the replacement of the

arid tropical region, the

natural vegetation is depending on the seasonal water deficit, either a tropical forest

(evergreen or deciduous), or a cerrado, a savanna-like vegetation. The conversion of

natural vegetation by crops or pastures (IPCC, 2001). In non
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tropical forest to agriculture and grassland disrupts the hydrological cycle of a drainage

basin, by altering the water yield of the area (Kashaigili et al., 2003). In addition, low-

productivity grasses, like natural grassland pasture, have lower leaf area and produce less

litter than the original vegetation. With a lower leaf area, the pasture does not intercept as

much rainfall as the forest does, and a higher fraction reaches the ground. With less litter,

the capacity of surface detention is decreased, and a greater proportion of the rainfall runs

off as overland flow. If surface runoff increases substantially and infiltration is critically

reduced, soil moisture may also decrease, contributing to a further reduction in the ET.

2.4 Hydrologic Modeling

Hydrologic modeling involves the application of mathematical expressions that define

quantitative relationship between inputs (e.g. flow forming factors) and output (e.g. flow

characteristics). The scope of hydrologic modeling and its applications has broadened

dramatically over the decades. Hydrologic modeling is related to spatial processes of

hydrologic cycle and is often used to estimate basin water resources as well as for impact

assessment or more precisely water resource management. Many hydrologic models have

been developed in the past and more

the performance of watersheds under inevitable land use changes, climate change and

increased climate variability. This is done in the form of sensitivity analysis where

baseline conditions of climate, land cover and stream flow are established, and then used

to compare the effects on stream flow due to changes in precipitation, temperature, land

and magnitude of stream flow changes and insight into which variables are most

significant in predicting these changes. This would be very important for decision makers

who require such information to evaluate management alternatives to support policies

about water allocations between various sectors such as agriculture, ecosystems, domestic

are being developed and they are used to determine

cover and other climate variables. These analyses provide information on the direction
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and industry. The synergism between GIS and remote sensing has enabled hydrologists to

model temporal and spatial variations of hydrological processes efficiently, and

especially for the distributed hydrologic models. There are many hydrological models

used to model River catchments such as Conversion of Land use and its Effects (CLUE)

model, Soil and Water Assessment Tool (SWAT) model e.t.c.

2.5 Conversion of Land use and its Effects model

CLUE model is a GIS based modeling system which assesses the effects of land use

changes on water quality and socio - economic indicators. The model is subdivided into

two modules, namely a non - spatial demand module and spatially explicitly allocation

procedures. It allows users to create both land use and farm practices.

Strength

CLUE is a non- commercial model that is made available by its developers. Thus there is

of biophysical and human drivers at different temporal and spatial scales. It uses linear

regression as model input which can be reproduced, unlike in calibration exercise.

Limitation

One of the weaknesses is the limited consideration of institutional factors, although this

could be more important for developed rather than developing countries. Another

limitation is the small area extent which it can accommodate, if a large area is to be

modeled, then it has to be aggregated and this reduces the analysis resolution.

no cost implication which makes it suitable for academic research. It covers a wide range
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2.6 Soil and Water Assessment Tool Model

The Soil and Water Assessment Tool Model (SWAT) model is a physically based semi­

distributed geospatial hydrologic model (Palamuleni and Annegam, 2011). It operates as

an extension within Arc View or ArcGIS and therefore requires data in GIS formats.

The model uses remote sensed and ground observation data (soil, land cover, rainfall and

evaporation), and digital elevation data sets describing the land surface to calculate die

basin hydrologic water cycle (Arnold et al., 2005). SWAT model is very useful because

it has weather engine component to predict the precipitation within an ungaurged

watershed based on stochastic and probalistic methods (Arnold et al., 2005). The model

consists of two parts: a GIS-based module used for model data input and preparation, and

the rainfall-runoff processing module. Calibrating and validating the model, Geographic

used in the

AVSWAT, an Arc View-GIS interface for the SWAT model (Cau and Paniconi, 2007).

2.7 Scenario Analysis and Impact Assessment Using SWAT

Model divides a watershed into sub watersheds or sub basins based on topographic

information. The sub-basins are further divided into smaller spatial modeling units known

types. An HRU is the fundamental spatial unit upon which SWAT simulates the water

balance. The hydrological processes modeled in SWAT are surface runoff, soil and root

et al., 1998).Many studies like Anold et al. (1999), Githui, (2008), Palamuleni and

Annegam (2011) have also applied SWAT model in simulation of the impacts of climate

variability and land use/cover changes on stream flow and shows successive results.

as hydrologic response units (HRU), depending on the heterogeneity of land use and soil

zone infiltration, evapo-transpiration, soil and snow evaporation, and base flow (Arnold

information system (GIS) data for topography, soils and land-cover are
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Materials

3.1.1 Description of the study area

The study was conducted in Little Ruaha River Catchment which runs from Sao Hills

forest plantations to Mtera Dam within Iringa Region (Fig. 2).

IS.’WC®47CC00 szgjw 77CCCC 375CO3 1070WJ trcvoa nrcxj17M>3
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Figure 2: Map of study area (Little Ruaha River Catchment)

tt:7tc:w

l

I

I

i

i

I

II



14

Little Ruaha River Catchment is the tributary of the Great Ruaha River which joins Great

Ruaha River just after Ruaha National Park (Kashaigili et al., 2003). The Little Ruaha

River has a very large catchment area, extending to some 5500 square kilometers

(Sanders and Fits, 2011). Little Ruaha catchment serves many uses, including irrigation.

livestock, and domestic uses to neighboring villages, fisheries and the aquatic flora and

fauna (Sanders and Fits, 2011). The Catchment area is located in the Southern Highlands

8.6°South of equator and longitudes 34.9° to 35.9° East of Greenwich.

3.1.2 Climate

Climate is a measure of the average pattern of variation in temperature, humidity,

atmospheric pressure, wind, precipitation, atmospheric particle content and other

meteorological variables in a given region over long period of time. Climate is different

from weather, in that weather only describes the short term conditions of these variables

in a given region. Climate of a location is affected by its latitude, terrain and altitude as

well as nearby water bodies and their currents. Altitude, topography and vegetation

influence climate greatly, resulting in micro climate in specific localities and macro

climate in larger areas. Little Ruaha catchment has a climate influenced by several

factor.The topography of the area is generally low lying by virtue of its location with an

average altitude of 1536.41 masl. The vegetation of the surrounding landscape on which

people depend for their subsistence falls under what is generally described as open

wooded savannah dominated with shrubs and trees species notably Acacia species.

The major land use is Agriculture, Woodland, Bush lands, Grasslands and Settlements.

Rainfall is unimodal which falls between December and April. Annual rainfall ranging

from 1000 mm to 1600 mm to some part of the catchment while other part is situated in

semi-arid area receiving rainfall ranging from 600 mm to 900 mm per annum.

of central Tanzania, within the Iringa Region and it lies between latitudes 7.2° to
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3.1.3 Socio economic activities

Agriculture is the main socio economic activity in the catchment area. Others economic

activities are livestock keeping, fish farming, beekeeping, and very minor mining and

industries (URT, 2007). There are thirty traditional irrigation schemes, upgraded to semi­

improved in 2008, in which majority of them are located along the Little Ruaha River

Catchment runs from Mufindi and Kilolo catchment forests to the Mtera dam. Mlenge

semi-improved and Mkombozi traditional irrigation schemes are also found along the

Little Ruaha River. Paddy is a main irrigated crop, but maize, Irish potato, sweet

potatoes, sorghum, cassava, wheat, and finger millet are main food crops in the area

3.2 Methods

3.2.1 Selection of hydrological model

Many hydrological models exist for simulation of water balances and near surface soil

micro climates. The complexity and focus of each individual model varies depending on

the intended applications. There are many hydrological models for simulation of water

catchment such as Soil Water atmosphere Plant (SWAP) model, Conversion of Land use

and its Effects (CLUE) model e.tc but for this study Soil and Water Assessment Tool

(SWAT) model has been utilized. SWAT model was chosen because unlike CLUE model

simulate or fill in the missing data which is the case for many catchments in developing

countries Little Ruaha River Catchment included.

3.2.2 Data collection

The data collected includes stream flow and meteorological data and spatial

data.Hydrological and meteorological data were collected from Rufiji Basin Water Office

in Iringa and the Tanzania Meteorological Agency (TMA), Iringa station. Spatial data

were downloaded from image suppliers (USGS GLOVIS).

can delineate large catchment area and has weather generator engine system which can
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Stream flow and meteorological data(i)

Stream flow data was available for four Stations 1KA32A, 1KA31, 1KA2A andlKA21A

(Appendix 1, 2, 3 and 4) respectively. The stations had data ranging in time from 1980 to

2012, though they had missing data, the missing data were filled by weather generator

engine of SWAT model during simulation process. Table 1 gives the summary of the

stream flow data and the percentage of missing data to show the quality of data used in

the study.

Rainfall data were available for four rainfall recording stations in the basin, which are

Iringa Maji, Iringa meteorological station (Nduli), Mafinga Bomani and Mafinga

National Service (Appendix 5, 6, 7 and 8) respectively. The collected data spanned a

period between 1980 and 2012, though there was quite

The other weather data used include temperature data (daily maximum and minimum) for

the Iringa Airport Meteorological stations (Appendix 9 and 10). Tables 2 and 3 gives the

summary of the weather data used for this study.

1KA32A 
1KA31 
1KA21A 
1KA2A

Makalala 
Mawande 
Thimbu 
Ndiuka

Little Ruaha
Little Ruaha
Little Ruaha
Little Ruaha

1980-2012 
1989 -2012 
1980-2010 
1980-1998, 
2002-2012

a number of missing data.

Table 1: Summary of available stream flow data for Little RuahaRiver Catchment

Gauging Name River Period Percentage
Station Recorded of Missing

_____________________________ __________ _ _______________________data (%) 
3.0 
6.4 

13.1 
14.8
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9735014 1980 -2012
9735013 1980-2010 0.26
9835033 1980 -2010 3.44
9835039 1980 -2010 2.22

Weather Parameter Period Recorded

Iringa Airport 1980-2012

1980-2012 0.41

SWAT input database data(ii)

The basic data sets that are required to develop an input database for SWAT model are:

topography, soil, land use and climatic data. A Digital Elevation Model (DEM) gives the

elevation, slope and defines the location of the streams network in a basin. A Digital

Elevation Model (DEM) of the study area at a 30x30 metre resolution was obtained from

the Rufiji Basin Water Office at Iringa.

(iii) Soil Map and data

The soil data as required by SWAT to predict the stream flow should include the relevant

hydraulic conductivity properties: the soil bulk density, the saturated hydraulic

obtained from the Tanzania soil map of 2001 (Fig. 6).

Table 3: Summary of available monthly maximum and minimum Temperature data 

for Little Ruaha River Catchment

Iringa Maji

Iringa Met.

Mafinga Bomani

Mafinga National Service

Maximum temperature

Minimum temperature

Meteorological

Station

Percentage of

Missing data (%)

8^95

conductivity and the soil available water capacity (SOL_AWCS). The soil data was

Table 2: Summary of available daily rainfall data for Little Ruaha River Catchment

Rainfall Station Name Period Recorded Percentage of

Missing data (%)

Z73
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3.2.3 Data analysis

(i) Trend analysis

Trend analysis of stream flow records is important to evaluate whether climatic factors

and human interference significantly affect the hydrological regimes of the catchment

(Fish and Road, 2010). A non parametric trend test method i.e. Mann-Kendal test was

used to analyze the monotonic trend of annual and monthly precipitation and mean

temperatures as well as stream flow data for the catchment as shown by the following

equations.

(1)

(2)

(3)

Where tp is number of data values in the pth group and n is number of periods in years.

The values of S and variance (S) were used to compute the test statistic Z as follows:

Sif

(4)0if S =z =
if

A negative or positive value of Z indicates an upward or downward trend. To test for

either an upward or downward monotonic trend, a two tail test statistics at alpha level of

Zi- a/2 where a =0.001,0.01, 0.05 and 0.1

>0

>0"
0

<0,

X 
x= 
x =

S = <0
/

5 = X{(Ssgn(^-/?i)} 
1=1 1=1

f 5-1
JVAR(S)

0
S+l

JVAR(S)

KAR(S) = (n(n -1) * (2m + 5) - £ tp(tp - l)*(2/p + 5))
18 i=i

' 1 if
Where Sgn = 0 if

significance was done, Ho were rejected for the absolute value of Z greater than
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(ii) Remotely sensed data, processing and change detection

The land use land cover data combined with the soil cover data generates the hydrologic

characteristics of the basin or the study area, which in turn determines the excess

precipitation, recharge to the ground water system and the storage in the soil layers.

To understand the impacts of climate variability and land use land cover changes with

time and its impacts in stream flow in the Little Ruaha River catchment, analysis of

remotely sensed data (satellite images) was done and involved the following procedures:

(i) Image selection and acquisition

In consideration of cloud cover, the seasonality and phonological effects (Kashaigili,

2006), image listed in Table 4 were selected for image processing and change analysis.

The image selected were both from dry season in order to acquire images with minimum

cloud cover and also to avoid differences due to season effects. In this study land sat

images of 1990, 1998 and 2011 was used for land use land cover change classifications.

The reason was to get clear images, there were no clear images for 1980, and also from

historical background of the catchment from 1990s and 2000s is where the catchment

experiences many land use land cover changes due to introduction of irrigated agriculture

(Kadigi, 2006).Development of irrigated agriculture in the study area has attracted

immigrants from other areas. This intum has contributed in increasing human population

as well as demand for water and land for farm expansions.

Image_____
Landsat TM 
Landsat TM 
Landsat TM 
Landsat TM 
Landsat TM 
Landsat TM

Table 4: Imagery data

Path/Row 
168/65 
168/66 
168/65 
168/66 
168/65 
168/66

Date of acquisition
11/7/1990
11/7/1990
21/9/1998
30/7/1998
9/7/2011 
10/7/2011

Season 
dry 
dry 
dry 
dry 
dry 
dry
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(ii) Image processing

or georeferencing and image enhancement.

Image pre-processing: The methods for image analysis required the use of both visual

and digital image processing. Prior to image processing images were extracted from the

full scenes using ERD AS Imagine software, Version 2011 to subset scenes into area of

interest (AOI) followed by rectification.

Image rectification: Image rectification was perfomed in order to correct data for

distortion or degradation which may result from the image acquisition process.

To ensure accurate identification of temporal changes and geometric compatibility with

other sources of information, the images were geo-coorded to the coordinate and mapping

system of the national topographic maps, i.e. UTM coordinate zone 36 south, Spheroid

clarke 1880, Datum Arc 1960, based on aprevious georeferenced Landsat TM images of

11th July 1990. Since the images had already been corrected for radiometric distortions

and available asgeo-cover datasets with no apparent noise, the created sub-scenes were

only subjected to geometric correction.

Image enhancement: In order to reinforce the visual interpretability of images, a colour

composite (Landsat TM bands 4, 5, and 3) was prepared and its contrast was stretched

using a Gaussian distribution, a 3x3 high pass filter was applied to the colour composite

features like agricultural land, forests etc. All image processing were carried out using

ERD AS Imagine software version 2011.

Image processing involved three stages,these were: Image pre-processing, rectification

to further enhance visual interpretability of linear features e.g. Rivers, and land use
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(iii) Preliminary Image classification and ground truthing

Preliminary Image classification: Within the scope of this study, image classification is

defined as the extraction of differentiated land use and land cover categories from remote

sensing data. Before going to field, to implement ground truthing, preliminary image

classification was performed to roughly identify vegetation types and other land use and

land cover classes using satellite images of 1990. Supervised image classification using

Maximum Likelihood Classifier (MLC) was used to create base map which was then

used for ground truthing. The maximum likelihood classifier was selected since unlike

other classifiers it considers the spectral variation within each category and the overlap

covering the different classes (Kashaigili et al., 2006).

Ground truthing: Ground truthing was done in order to verify and modify land use land

locate sampled land cover observations. During the ground truthing, the following major

agriculture, natural forest, plantation forest, bushland, cultivated land, cultivated

woodland and wetlands/vegetated swamps.

Final image classification(iv)

Supervised classification process involved selection of training sites on the image was

sites of pixels that represent specific land classes to be

pixels that represent what is recognised as discernable

pattern or potential cover classes. Training sites were generated by on-screen digitizing of

selected areas for each land cover class identified on the colour composite. Training was

mapped (ERDAS, 1999). They are

carried out. Training sites are

covers obtained during preliminary image interpretation. Ahand-held GPS was used to

land cover classes were identified: closed woodland, open woodland, irrigated

iterative process, whereby the selected pixels were evaluated by performing an estimated 

classification. Based on the inspection, training samples were refined until a i$JisFactbfy> \

0 5 7 -D Z.O 3 %
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result was obtained. The objective was to produce thematic classes that resemble or can

be related to the actual land cover types on the earth’s surface.

(v) Classification of Accuracy Assessment

Land cover maps derived from classification of images usually contain some son of

errors due to several factors that range from classification techniques to methods of

satellite data capture. Hence, evaluation of classification results is an important process in

the classification procedure (Yesserie, 2009).Among the common measures used for

measuring the accuracy of thematic maps derived from multispectral imagery,

error/confusion matrix was used. An error matrix is a square assortment of numbers

particular category relative to the actual category as confirmed on the ground

(vi) Preparation of land use land cover maps

Classified images were recorded to respective classes (i.e. wetland, forest, water,

woodland, bush land, grassland, settlement, cultivated land). Following the recoding,

images were filtered using a 3 x 3 majority-neighbourhood filter. The classified images

were filtered in order to eliminate patches smaller than a specified value and replace them

with the value that is most common among the neighbouring pixels. A mosaic operation

The image mosaicking involved the joining of geo-referenced images together. The input

images contained the same map and projection information with the same number of

layers. After mosaicking, sub-setting was performed in order to break out a portion of a

large image file into one or more smaller files. Often, image files contain areas much

larger than a particular study area. In these cases, it is helpful to reduce the size of the

was performed to multiple classified images to produce one map for the entire study area.

defined in rows and columns that represent the number of sample units assigned to a
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image file to include only the area of interest (AOI). This not only eliminates the

extraneous data in the file, but it speeds up processing due to the smaller amount of data

to process (ERDAS, 1999).

(vii) Land use land covers change detection analysis

Change detection is a very common and powerful application of satellite based remote

sensing. Change detection entails findings the type, amount and location of land use

changes that are taking place (Kashaigili, 2006).

In this study, post classification comparison was used to quantify the extent of land cover

changes over the 21 years period (1990, 1998, and 2011). The advantage of post

classification comparison is that it bypasses the difficulties associated with the analysis of

the images that are acquired at different times of the year, or by different sensors and

results in high change detection accuracy (Li et al., 2007).

(viii) Assessment of the rate of cover change

Estimation for the rate of change for different land covers was computed based on the

following formulae (Kashaigili and Majaliwa, 2010).

(5)

(6)

xlOC% Annuakateof change

(7)

Where;

= area of cover i at the first date,

Area iyearx+l area of cover i at the second date,

L^l-.rlOO

Area ,• yearx

°/o Changeycnr T

Areqycarx-AreqyeomX
TLAreitye«rxxty^

Arealy„rx -Areat

XiArea^rx

Areq
Annuakateof change^------ ■

’’yearx A^^lyearxH 

tyears
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= the total cover area at the first date and

(c) SWAT Model setup and simulation options

land cover maps for the years 1990, 1998 and 2011 were produced to analyse the land use

land cover change. Second, a SWAT simulation run was carried out using a set of input

variables, and a sensitivity analysis was performed to identify parameters that influence

the predicted stream flow the most. Third, the efficiency of the model was assessed by

comparing simulated and observed annual and monthly stream flow. Fourth, in order to

test the assumption that land use/cover change and climate variability has affected the

watershed stream flow; further simulations were performed using both maps and climate

data for the same period to carry out scenarios analysis. The procedures are described in

the subsequent sections.

Watershed delineations(i)

The DEM was used to delineate the topographic characterisation of the watershed and to

determine the hydrological parameters of the watershed such as the slope, flow

accumulation, flow direction, and stream network. Arc SWAT 2009, an ArcGIS

interface, was used to delineate the watershed. To capture the heterogeneity in physical

properties, the watershed was subdivided into 29 (twenty-nine) sub-watersheds or sub

basins (Fig. 3).

This analysis was carried out in four steps. First, a database was established and land use

X^Area^,r.t

(years ~ period in years between the first and second scene acquisition dates.
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(ii) Hydraulic Response Unit (HRUs) Definitions

Before defining the HRUs the Landuse data (Fig. 4) were reclassified to match with the

SWAT land use classification (Table 5). SWAT requires land use and soil data to

determine the area and the hydrologic parameters of each land-soil categories simulated

within each sub watershed. Therefore, land use, slope and soil maps were overlaid.

This study uses a dominant of land use and soil definition to create the Hydrologic

Response Unit (HRU) for each sub basin. The abstraction data used was distributed as per

sub basin and entered into SWAT interface independently for reach/river and ground

water/boreholes each one of the sub-watersheds were partitioned into Hydrologic

Response Units (HRUs) that consist of homogeneous land use, management, and soil

characteristics whereby watershed was divided into 753 HRUs (Fig. 5).

C7AMA

Figure 3: Watershed delineation
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Table 5: Little Ruaha Land use classes matched with the SWAT land use classes.

9XCC«ICCO3 twx7w:cctic JOJ 7WCCC

s

I

I

I

tixco muc«J5XC0UA»3

Figure 4: SWAT Land use map.

I

AGRC
PAST
FRST 

WATR 
FRSE

Cultivated woodland
Grassland
Natural forest
Water
Plantations

18521.84
41814.98
19255.42
5483.28
18981.52

I

I-

r
i

r
i

USGS Land use class 
Residential 
Wetlands-Non-Forested 
Range-Brush
Range-Grasses
Agricultural Land-Generic 
Wetlands-Forested 
Agricultural Land-Close- 
grown
Pasture
Forest-Mixed
Water
Forest-Evergreen

Land use 
Class________
Built-up area 
Wetland 
Bush lands 
Woodland 
Cultivated land
Riverine forest

SWAT Land 
use class 
URBN 
WETN
RNGB
RNGE 
AGRL 
WETF

% total 
catchment 
area (ha) 

15778.47 
40868.84 
88949.07 

177202.58 
172870.22 

13391.96
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Figure 5: Hydraulic Response Unit (HRUs).

(iii) Write input tables

Before SWAT input tables were written in the model, input data set files were prepared

whereby land use data files, dem data files, climatic data files, soil data files and lookup

tables (land use and soil lookup tables) were prepared (Fig. 6). SWAT input data were

written under write the input tables model interface and precipitation and temperature

engine of SWAT model. After weather data were inputted into the model and under write

all interface the model was able to prepare all input data files.

s

£

i

£
£

r
r

i

i I 
X

were used as input data while other datasets were parameterized using weather generator
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Figure 6: Soil map of Little Ruaha River Catchment

(iv) Edit SWAT Input

Some SWAT input files were edited in order to adjust some parameters like sub basin

data and watershed data

(v) Simulation and Sensitivity analysis

Simulation of the stream  flow

The hydrological processes simulated by sub basins as included in the water balance

equation are precipitation, surface runoff, evapo-transpiration, percolation and return

flow. The daily weather data required by SWAT are precipitation, temperature

(maximum and minimum), solar radiation, relative humidity and wind speed.

After inputting precipitation and temperature data, weather generator then generates solar
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radiation and relative humidity for the day. Finally wind speed is generated

independently. Runoff is simulated separately for each of the HRU and combined to give

the total stream flow for the other sub basin which is then combined with stream flow for

the whole basin. Through delineating sub-watershed and creating Hydrological Response

Unit (HRU), the SWAT model simulated the water balance of the catchment. SWAT

predicts the surface runoff using the modified SCS Curve number method. In this study

the SCS Curve Number which is a function of the soil permeability, land use and

antecedent moisture condition was used for simulation of infiltration and potential evapo­

transpiration. The basic equation used by SCS curve number:

(8)

Where Q is the accumulated surface runoff or excess rainfall (mm), R is the rain depth for

the day, I is the initial abstraction which includes the surface storage, interceptions and

infiltration prior to the surface runoff (mm) and S is the retention parameter (mm)

Sensitivity analysis

Quantifying model sensitivity to parameter changes is an important step in understanding

addressing whether the appropriate quantity and quality of data can be obtained to

provide realistic model outputs given parameter sensitivity (Tracy and Scott, 2013).

Sensitivity analysis was done prior to auto calibration and model validation in order to

identify parameters which influence model the most .Different lengths of observed data

records have been used in this study to assess the influence of data adequacy in

parameters identification. Initially, four SWAT parameters were chosen to test surface

runoff response sensitivity that include: curve number (CN), percent land cover, saturated

hydraulic conductivity (Ks), and soil hydrologic value (HV). Latin Hypercube sampling

R-I-S

model performance, and a crucial undertaking prior to model calibration; therefore,
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time (LH-OAT) which is incorporated in AVSWAT as an

extension was used to identify parameters that have a significant influence on model

simulations (Fish and Road, 2010).

(vi) Model calibration and validation

Calibration is tuning model parameters based on checking results against observations to

ensure the same response over time (Zeray et al., 2007). This involves comparing model

results, generated with the use of historic meteorological data, to recorded stream flows.

In this study coefficient of determination (R2) and Nash-Sutcliffe model efficiency (ENS)

values were checked to see the model performance. New SWAT project was built from

the land use land cover map and database files of climatic data for Little Ruaha River

Catchment was used for model calibration. Annual runoff of 2000-2006 and land use land

land use land cover map of 2011 was used for model validation. Nash-Sutcliffe model

efficiency (ENS) and the coefficient of determination (R2) were used to assess the

predictive power of the SWAT model.

(vii) SWAT model scenario analysis

The SWAT model was used for scenario analysis under climate variation and land use

land cover change by running the calibrated SWAT model for each of the four

combinations of two time-periods and two land use land cove maps. The land use land

cover map of 1990 and climate (temperature and precipitation) of 2000-2006 were used

to quantify the effects of land use land cover change and climate variability on stream

flow characteristics. The influences of the land use land cover and variations in climate

(temperature and rainfall) were quantified on monthly and annual time step by comparing

SWAT outputs to baseline run(the SWAT run using base map).

cover map of I998was used for model calibration, and annual runoff of 2007-2009 and

based on one factor at a
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To evaluate the effect of land use land cover change and climate variability on hydrology,

the approach of one factor at a time was used (i.e., changing one factor at a time while

holding others constant). Meteorological data of the two time epochs of 1981-1990 and

1991- 1999 were selected, and each time epoch included one land use land cover map.

The land use maps of 1998 and 2011 were used to represent the land use land cover

patterns of 1990s and 2000s for the two time epochs respectively. The calibrated SWAT

model was run for each of the four combinations of two time epochs and two land use

land cover maps (called four scenarios hereafter). The influences of the land use land

cover change and climate variability were quantified by comparing the SWAT outputs of

the four scenarios as follows:

SI: 1998 land use land cover and 1981-1990 climate data.

S2: 2011 land use land cover and 1981-1990 climate data.

S3: 1998 land use land cover and 1991-1999 climate data.

S4: 2011 land use land cover and 1991-1999 climate data

The contrast between the results of SI and S2 indicated the influence of land use land

influence of climate variability on stream flow characteristics and SI and S4 indicated the

combined effects of land use land cover change and climate variability on stream flow.

cover change between the two periods. The contrast between SI and S3 indicated the
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

4.1 Annual Rainfall and Discharge for the Little Ruaha River

The time series of annual rainfall over the Little Ruaha Catchment are presented

inFig. 7whileFig. 8presents the time series of mean annual flows of the Little Ruaha River

at Mawande station.

1200
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y =-2.553x + 732.8
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Figure 7: Annual rainfall at Iringa Maji station for the period 1980 -2012.

y = -17.04x+774.7

1

Figure 8: Mean Annual flows at Mawande station (1988/1989 -2010/2011).
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Annual rain fall (Fig. 8) as recorded at Iringa maji station does not show much variation

in total rainfall. The slightly decrease in annual rainfall as shown by negative slope could

be partly be explained by the increase in rainfall in the upper catchment and lesser rainfall

received in lower catchment. This also can be due to higher temperatures experienced in

the catchment, especially in lower catchment or downstream. The mean annual flows as

recorded at Mawande station (Fig. 8) shows variation in magnitude of flows between

years. The slope is negative indicating that flood discharges are infrequent or not

sustained for long period of time during dry periods. The progressive decrease in mean

flow is a good indication to the changes of hydrological balance upstream in the Little

Ruaha River Catchment and which is associated with their increase in change in land use

land covers. This also can be the case of continued diversion of water to irrigation areas

during the dry season which was the major factor in reducing inflows to the catchment.

4.2 Statistical Trend Analysis Results on Rainfall and Flows

Table 6 presents results of trend analysis on rainfall over the Little Ruaha river catchment

and selected stations in the catchment while Table? presents results of trend analysis on

annual flows at four gage stations. The results in Table 6, indicates that there was

significant decreasing trend in the annual rainfall in the catchment at the 95% level of

significant increasing trends for the period 1980-2010.

significance at all three stations except on Mafinga Bomani station which show no
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Table 6:

1980 2010 31 -0.044 -3.50

1980 2010 30 0.171 0.54

1980 2010 31 -0.044 -3.50

This could be partly explained by decreasing in rainfall downstream stations e.g. Iringa

Maji which shows negative slope (Fig. 7) and within this part of the catchment lesser

rainfall is received. The results in Table 7 indicate that there was significant decreasing

trend in the annual river flows for the Little Ruaha River at the 95% level of significance.

This could be explained partly by more water abstractions in the catchment to sustain

socio-economic activities such as irrigated agriculture, thus reducing stream flow.

Table 7: Summary of statistical trends in annual flows at some stations in the Little

Ruaha River catchment
RemarksStation

-0.002232012Mawande 1989

-3.783-0.025322012Makalala 1980

-0.025 -3.783312011Ihimbu 1980

-0.004 -2.474312011Ndiuka 1980

Also this might be due to decreasing in rainfall over years especially in downstream

catchment as indicated by negative slope at 95% significant level in downstream station

of Iringa Maji (Fig. 7). Stream flow is known to reflect the integrated response of the

Summary of statistical trends in annual rainfall at some stations in the 
Little RuahaRiver catchment

Mafinga National 
service

Iringa 
meteorological 
station
Mafinga Bomani

End 
year

Numb 
er of 
years

Slope 
of 
trend

Not significant 
increasing trend 
Significant 
decreasing trend

Start 
year

Significant decreasing 
trend
Significant decreasing
trend
Significant decreasing
trend
Significant decreasing 
trend

Station
Iringa Maji

End 
year 
2012

Z- 
statistics 
at 
95%CI 
-2.273

Remarks______
Significant 
decreasing trend
Significant
decreasing trend

Z-statistics 
at 95%CI 

-3.50

Slope of 
trend
-0.044

Start 
year 

1980

Number of 
years 

33
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activities of the entire river basin where rainfall serves as one of the major input into the

runoff processes (Githui, 2008). However, other activities occurring within the catchment

e.g. river water abstractions for agricultural purposes during the prolonged dry periods

could cause reduced stream flow amounts.

It was also revealed that the changes in land use land cover in the catchment contributed

to decrease of dry season flows. A study by Kashaigili et al. (2006) on land use land

cover changes in the Usangu area has revealed that there has been a great change in land

use land cover mainly caused by increased anthropogenic activities within the catchment.

The results on land use land cover change in this study shows that, there is significant

changes in landuse land cover in Little RuahaRiver Catchment especially expansion of

cultivated land and settlement while bush land and woodland has decreased which might

have caused reduced in stream flows.

4.3 Flow Duration Curves for the Little RuahaRiver

The daily flow duration curves at Mawande station represented by Fig. 10 to illustrate

clearly the differences between low flows in the two different time periods. The slope of

the flow duration curves are relatively steeper at higher discharges indicating that flood

infrequent or not sustained for long period of time. Comparing the post

1999 and pre 1998 periods, the latter period slope of the Flow Duration Curve (FDC) at

higher discharges is much steeper as compared to the former. This is an indication of the

effect of land cover removal that results into flush runoff during the rainy season.

discharges are
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Although the latter period contains El Nino flows of 1998, the steeper FDC slope at

higher discharges could be attributable to effects of land use land cover change.

The conversion of tropical forest or woodland to grassland disrupts the hydrological cycle

of drainage basin by altering the water yield of the area (Zhang et al., 2007).This

conversion of land cover disrupts hydrological cycle of drainage by altering the balance

between rainfall and evapo-transpiration, and consequently the runoff response of the

area. In general the curves flatten out considerably at lower discharges indicating well

sustained stream discharges over extended periods of time that could partially be

attributable to the storage within the catchment. Flow duration curves are useful for

determining the variability' or flashiness of stream flow as well as how the discharge of a

stream is sustained over time (Kashaigili and Majaliwa, 2013).

Table 8 presents the flow characteristics as extracted from the monthly flow duration

curves. The median flow Q50 has changed by 10.255 m3/s while the 25th percentile flow

has changed by 21.43 m3/s between the two periods.

Figure 9: Mean monthly flow duration curve of Little Ruaha River at Mawande 
gauging station for the periods (1980-1998) and (1999-2009)
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1999 -2009

4.4 Linkage between Land Use Land Cover and Flow Regimes Changes

The analysis from this study has revealed the change in the hydrological regime for Little

Ruaha River for 1980 -1998 and 1999-2009. The most pronounced change is the shift in

the peaking with peak flows being attained earlier in January for the latter period

(1999-2009) unlike the former (1980-1998) which had peak flows in December.

The trend analysis revealed a statistical significant decreasing trend in annual rainfall and

flows which is supported by the change in river flow patterns associated with early

attainment of peak flows in later period.The variation in peak flows indicates that

increased land conversion has an impact on flow characteristics of the catchment.

Kashaigili and Majaliwa, 2013 revealed that the change in flow is mainly due to reduced

infiltration rate when the land cover is converted to other land uses.

4.5 Accuracy Assessment and Land Cover Maps

Among the common measures used for measuring the accuracy of thematic maps derived

from multispectral imagery, error/confusion matrix was used. In this study accuracy

assessment was done using reference data from ground truthing to check the overall

accuracy, overall users and producer’s accuracy as well as kappa coefficient. The results

show a good overall classification result with overall accuracy of 85.92% and a Kappa

presented in Figs. 11,13 and 14. Generally, the maps show the variation in land use land

cover coverage between the three time periods under consideration.

Q10
60.36
39.17

Q90
4.2

2.42

Q95
3.62
1.21

Q99
2.85
0.29

Q25 
43.09 
21.66

Q75
6.86
5.01

Period
1980 1998

coefficient of 0.83.The land use land cover maps for the year 1990, 1998 and 2011 are

Table 8: Indices of flow characteristics extracted from monthly FDC

Flow indices
Q50
19.7
9.45
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4.6 Change Detection Results

Land use land cover class distribution for 1990, 1998 and 2011 are presented in Fig 12.

Table 9 shows the proportion of each land cover category in the different years of

analysis. In the year 1990 grassland dominated the area by covering 28.86% followed by

cultivated land 27.56%,woodland 14.34% , bush land 7.38%, wetlands 6.68%, natural

forest 3.21%, while cultivated woodland, plantations, Riverine forest, built up area and

water covered 3.12%, 3.03%, 2.4%, 2.57% and 0.84%, respectively.

Table 9: Distribution of land use/covers classes in hectares for 1990,1998 and 2011

2011Cover class 1990

ha

In the year 1998, cultivated land dominated the largest area than other land use land

lands 10.5%, plantations 9.0%, built up area 6.6%, cultivated woodlands 4.2%, wetlands

3.9%, natural forest 1.01%, water 1.0% and Riverine forests 0.4%.In the year 2011,

cultivated land occupied the largest area 31.2%, followed by grasslands 17.5%, cultivated

woodlands 11.4%, bush lands 10.5%, woodlands 9.8%, builtup area 6.4%, plantations

6.6%, wetlands 2.8%, Riverine forests 1.8%, natural forests 1.3%, and water 0.7%.

Built-up area
Natural forest
Wetland
Woodland
Grassland
Cultivated land
Riverine forest
Cultivated woodland
Bush land
Water
Plantations
Total

16390.3
20474.3
42581.1
91410.3
183909
175601
15299.8
19876.8
47043.1
5381.07
19291.6

637258.37

28093.3
6602.74
24712.8
75537.9
131714
195544
2705.3

26721.5
71019

6059.27
68314.3

637024.1

4.4
1.0
3.9

11.9
20.7
30.7
0.4
4.2
11.1
1.0
9.0

100.0

1998
Cover coverage

ha % ____ ha
40901.7
7989.92
17557.1
62526.4
111591
199235
11621.4
72912.1
67199

4252.11
42085.6

637871.3

%
2.6
3.2
6.7

14.3
28.9
27.6
2.4
3.1
7.4
0.8
3.0

100.0

__%
6.4
1.3
2.8
9.8
17.5
31.2
1.8

11.4
10.5
0.7
6.6

100.0

cover classes occupying 30.7%, followed by grasslands 20.7%, woodlands 11.9%, bush
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4.7 Land Use Land Covers Change between 1990 -1998 and 1998 -2011

Fig. 15 and Table lOsummarize the extent of land use land cover change. The amount of

increase is represented by positive signs (+) and the amount of decrease is indicated by

negative sign (-) and the percentage of change is based on initial values of individual land

use land cover change for the year 1990,1998, and 2011.
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Figure 14: Land use land cover change between 1990 -1998 and 1998 -2011
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Table 10: Land use land cover changes between 1990 -1998 and 1998 -2011

Cover class

Woodlands decreased by- 2.5 % between 1990 and 1998 and between 1998 and 2011

decreased by -2.1%.This decrease was due clear felling of trees for expansion of

agricultural farms also for charcoal making as a fuel wood as revealed during ground

truth. Built up area increased in periods of 1990 -1998 and 1998 -2011 by+ 1.8 % and

rapid expansion of town centres like Iringa, Kilolo and2.0%, the reason of this was

Mafinga. Natural forest is another land cover which experienced notable changes

between two periods. The results shows that, natural forest cover decreased by - 2.2 %

between 1990 and 1998, this is caused by encroachment of people for timber and

firewood. Between 1998 and 2011, natural forest cover increased by and0.2%, wetland

decreased by - 2.8 % in year 1990 to 1998 and continued to decrease by -1.1% in year

1998 to 2011.The decrease in wetlands caused by drying up as a result of decreasing in

rainfall as revealed by trend analysis. Grassland decreased by - 8.2 % between 1990 and

1998 and continued to decrease by -3.2% in the year 1998 to 2011. Riverine forest

decreased by -2.0 % between 1990 and increased by+1.4% between 1998 and 2011.Bush

land increased by + 3.8 % between 1990 and 1998 and decreased by -0.6% between 1998

and 2011. Water increased by +0.1 % between 1990 and 1998 and decreased by -0.3%

Built-up area 
Natural forest 
Wetland 
Woodland 
Grassland 
Cultivated land 
Riverine forest 
Cultivated woodland 
Bush land 
Water 
Plantations

+12808.4
+1387.2
-7155.7

-13011.5
-20123
+3691

+8916.1 
+46190.6

-3820
-1807.2 

-26228.7

1990-1998
Area(ha)_____

+11703
-13871.5
-17868.3
-15872.4
-52195
+19943

-12594.5
+6844.7

+23975.9
+678.2

+49022.7

%____
+ 1.8
-2.2
- 2.8
-2.5
-8.2
+ 3.1
-2.0
+ 1.1
+ 3.8
+0.1
+ 6.0

1998 -2011
(ha)_____%

+2.0 
+0.2 
-1.1 
-2.1 
-3.2
+0.5 
+1.4 
+7.2 
-0.6 
-0.3 
-2.4
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between 1998 and 2011.Plantations increased by + 6.0 % between 1990 and 1998 and

harvesting and planting new trees and expansion of tree plantations. Cultivated land

increased by + 3.1 %between 1990 and 1998 and continued to increased by -j-0.52%

between 1998and2011.

decreased by -2.4% between 1998 and 2011,the fluctuation in plantations was due
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4.8 Variations on Detected Changes and Interpretations

Table 12 presents a summary on changed and unchanged cover areas between 1990 and

1998 and Table 13 present summary of changed and unchanged area between 1998 and

2011. The percentage changed indicates the percentage area of a particular cover which

of the original area of a particular cover which remained unchanged for a given period.

Table 12: Percentage covers of changed and unchanged of individual land use land

cover for the period between 1990 and 1998

From Table 12, the forest cover changed to other land covers by 29.0%, while bush land

changed by 63.5%, grassland by 51.2%, settlement and cultivation by 87.7% and 49.6%

respectively. The woodland and wetland changed by 59.3% and 79.8% respectively

between the periods under consideration. Nevertheless, some cover areas remained

unchanged between 1990 and 1998 (Table 12).

Cover type________
Built-up area
Natural forest
Wetland
Woodland
Grassland
Cultivated land
Riverine forest
Cultivated woodland
Bush land
Water
Plantations

Cover 
unchanged 

3936.3
5 451.0
6 256.4 

31 939.0 
61 701.6 
96 661.8

1 388.0
3 017.1 

25 675.8
4 030.5 

15 224.9

%Changed
87.7
29.0
79.8
59.3
51.2
49.6
56.9
88.7
63.5
32.3
76.1

Cover 
changed 
28 077.4 

2 230.9 
24 726.4 
46 446.1 
64 697.5 
95 024.3

1 835.2 
23 632.1 
44 681.9

1 919.3 
48 494.7

%Unchanged
12.3
71.0
20.2
40.7
48.8
50.4
43.1
11.3
36.5
67.7
23.9

changed to other covers while the percentage unchanged represents the percentage area
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Cover type

From Table 13, the forest cover changed to other land covers by43.0 %, while bush land

changed by 30.7 %, grassland by 56.3%, settlement and cultivation by 78.1 % and 38.6 %

respectively. The woodland and wetland changed by 65.5 % and 89.0 % respectively

between the periods under consideration, while water, plantations, cultivated woodlands

and Riverine forest changed by 9.2%, 35.3%,78.7 %,and 84.8 % respectively between

1998 and 2011. Some cover areas remained unchanged between 1998 and 2011

(Table 13). From tire study and data obtained from the satellite imagery for little Ruaha

catchment, it shows that the catchment has undergone numerous land use land cover

changes in recent decades (Table 10). Results from change detection matrix (Table 14

and 15), indicate that, there is gradual decreasein the area under woodland and bush land.

This change might be linked to clearing of trees for expansion of farms and charcoal

making as revealed during ground truthing.

Table 13: Percentage covers of changed and unchanged of individual land cover for 

the period between 1998 and 2011

Built-up area 
Natural forest 
Wetland
Woodland 
Grassland 
Cultivated land 
Riverine forest 
Cultivated woodland 
Bush land
Water 
Plantations

(%) 
Changed 
78.1 
43.0 
89.0 
65.5 
56.3 
38.6 
84.8 
78.7 
30.7
9.2 

35.3

Cover 
unchanged 

8942.2 
4543.34 
1931.02 
21589.6 
48702.6 
122266 
1767.36 
15521.6 
46552.9 
3858.71 
27220.5

Cover 
changed 
31 914.3 
3 427.9 
15 619.8 
40 909.6 
62 827.4 
76 889.7 
9 840.3 

57 377.2 
20 636.4

392.9 
14 835.4

(%) 
Unchanged 

21.9 
57.0 
11.0 
34.5 
43.7 
61.4 
15.2 
21.3 
69.3 
90.8 
64.7
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Table 16 and 17 presents the detected changes of one land cover to another land cover

between 1990-199S and 1998 and 2011.

Table 16: Detected changes in percentage for some selected cover for the period

1990-1998

% of cover
46.3

WET- 16.25017.83
WET 2382.47 7.7
WD 11918.60 15.2
WD 12.29533.93
GR 5186.53 4.1
GR 1622.98 1.3

>WET+BSGR 7.08869.53
BS 16111.42 22.9
BS 17.912608.80

Table 17: Detected changes in percentage for some selected cover for the period

1998-2011

» SET
—►FO

SET=Scttlcmcnt; FO= Forest; WET= Wetland: WD =Woodland; GR= Grassland; C= Cultivated land; RF 
= Riverine forest; CWD = Cultivated woodland; BS= Bush land; WAT= Water; PL =Plantations

1990 -1998 (ha) 
14342.02

1998-2011(ha)
3421.10
4629.59
4771.83
3759.14
6734.08

14114.70
509.18

4634.63
10855.20
19406.54
27798.75

8559.86

Change (from-to)
WET------- >WD-rGR

>C+SET

% of cover
19.5
26.4
27.2

6.0
10.8
22.6

0.8
7.4

17.4
28.9
24.9

7.7

Change (from-to)
WET----------- ►WD
WET--------*GR
WET------->C+SET
WD--------- SET
WD------------ «C
WD----------- *SR
WD------- *TO
WD--------- ►WET
WD-------- ►PL
BS-------- ►SET+C
GR---------- * SET+C
GR-------- ►WET

SET-Settlement; FO- Forest; WET- Wetland; WD =Woodland; GR= Grassland; C= Cultivated land; RF 
= Riverine forest; CWD = Cultivated woodland; BS= Bush land; WAT= Water; PL =Plantations

-* RF
-►SET+C
*WET

>SET+C
> CWD
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From Table 16, 46.3% of wetland changed to woodland and grassland, 16.2% to

settlements and cultivation, 7.7% to Riverine forest. 15.2 % of woodland was converted

to cultivated land and settlement 12.2% was converted to wetland and 65.5 %, remained

unchanged. These shifts of wetland to other land cover might be due to encroachment of

riverbanks for subsistence agriculture. About 4.1% of the grassland was converted to

settlement area, 1.3% was converted to forest, and 7.0% to wetland and bush land 48.8%

remain unchanged. About 22.9% of bush land was converted to cropland and settlement

and 17.9% was converted to cultivated woodland areas while 36.5% remained

unchanged. The results on analysis of land use land cover change for the period 1998 -

2011 is provided in Table 17. Wetland changed by 19.5% to woodlands. 27.2% into

settlements and cultivated land, and 26.4% was converted to grasslands, 6.0% of

woodland was converted to settlement and only 57.0 % of the forest remained unchanged.

About 10.8% of the woodlands were converted to cultivated land, 22.6% to grassland,

7.4% to wetland, 17.4% to plantations, 34.5 % remained unchanged. Furthermore, 43.7 %

of the grassland remained unchanged, while 24.9% was converted to settlements and crop

land, 7.7% to wetlands. The bush lands lost 28.9% to agriculture and settlements, and

69.3 % remained unchanged.

4.9 Linking Detected Changes to Causes

Changes due to anthropogenic activities

It is clear from Table 11 that the forest area decreased consistently over the years

rate of 283.9 ha/year(1990

(0.1%/year).Assuming a linear increase, cultivated woodlands and settlement increased at

average period of 13 years (1990 and 2011). The increase in cultivated area and decrease

a rate of 283.9 ha/year (0.1%/year) and 985.3 ha/year (2.4%/year), respectively over an

1998) while cultivated area increased at a
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in woodland and bush land might be due to clear felling of woodland and bush for farm

expansion especially irrigated agriculture and tobacco farming in some parts of the

catchment as revealed during ground truthing. The increase in settlement indicates that

there is increase in population growth.There is a close link between ecosystem change

increased population.The growth in population

reflects on the water consumption and diversification of human socio-economic activities

that require more water use (Kashaigili, 2006). Agricultural expansion is among the

reported activities, which have significant effect on natural vegetation (Ngalande, 2002;

Dai et al., 2010). The continuous increase in cultivated land is also reflected in an

increased area under settlements. Increase in population size leads to demand for more

resources and area for cultivation which has an implication on settlements expansion

(Nzunda et al., 2013). According to Tanzania census of 2012, Iringa Region population

was found to increase from 840 404 (1988 -2002) to 941 238 (2002 -2012) with Mufindi

and Iringa District having high population of 265 829 and 254 032 in 2002 (URT, 2013)

compared to nation population growth which has declined from 3.1% in 2002 to 2.8% in

2012.

The forest cover decreased consistently at a rate of 1733.95 ha/year (26.3%/year) over an

average period of 8 years (1990 and 1998) assuming a linear decrease. It is possible that

the decrease in forest and increase in settlement cover is attributed to increased demand

for suitable land for cultivation (Kashaigili et al., 2006). This rapid increase was due to

clear felling of trees for firewood, poles, charcoal and increased settlement and

agricultural activities (irrigated agriculture). During ground-truthing exercise ascertained

this, and most woodland and bush land areas were found cleared for agriculture and

anthropogenic activities reflects an

census. Population growth rate has declined from 1.6% in 2002 to 1.1% in 2012

and the increased anthropogenic activities (Yesserie, 2009). The increase in
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charcoal making. The increasing population as a result of immigration from other districts

in Tanzania for searching fertile land for farming has had impact on land use land cover

transformation at Little Ruaha Catchment.

4.10 Impacts of Land Use Land Cover Change and Climate Variability

4.10.1 Sensitivity analysis

Results of sensitivity analysis for this study are presented in Table 18. Therefore in this

study SCS curve number (CN2) was identified as very important parameters, base flow

alpha factor (ALPHA-BF), soil available compensation factor (ESCO), soil available

water capacity (SOL-AWC) and soil depth (SOL-Z)as important parameters which retain

channel effective hydraulic conductivity(Ch- K2), threshold water depth in the shallow

identified as slightly important parameters and the rest parameters do not influence model

output. Although Table 18shows different parameter rankings between using measured

flow data (sum of the squares) and without observed flow data (Average flow) but the

entire set of sensitive parameter is retained. Another notable observation from the table is

that there is no significant difference in parameter ranking between the two simulation

be conducted using SWAT model sensitivity tool without observed flow data. This

suggests that sensitivity analysis tool built in SWAT model is robust and can be applied

in ungauged catchment for identifying hydrological controlling factors.

experiments. This suggests that identification of hydrological controlling parameters can

a rank between 2 and 6. Parameters like, manning’s value for main channel (CH_N),

aquifer for flow (GWQMN) and maximum canopy storage (CANMAX)’, etc were
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4.10.2 Auto calibration and model validation

All important parameters with mean sensitivity index greater than zero, were considered

for optimization. In this study Alpha Bf, Cn2, Epco, Sol_z, Gwqmn, Ch_n2, Esco,

Sol Awc and Surlag parameters were optimized for model calibration. The Nash and

Sutcliffe (R2) and coefficient of determination for calibration period were considered

satisfactory since the model was capable of producing about 58% and 65%respectively of

the variance on daily observed records as shown in Fig. 16.

ISO
160

140
120
100
80 J,
60
40
20

The long time annual flows between observed and simulated were comparable with a

model validation whereby Nash R2 and coefficient of determination registered 72.68%

and 77.35%, respectively. Model performance with respect to monthly flow predictions

Birhanu (2005) calibration results (i.e. R2=75.9%), Ndomba et al.. 2005 (R2 =65%).

In comparison to the results of this study, it clearly indicates that optimal parameters as

I
?!

-------Observed

------- Simulated

Figure 15: Comparison of daily stream flow for calibration period (2000 -2006), 
Nash (R2 =58%)

2 
£

CD

5*

mean ofl4.28m3/s and 15.68m3/s respectively. After model calibration followed by

o iAmAM
o* er er or

during the calibration and validation period (i.e.R2= 65 and 77.35%) is comparable to
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derived from Auto calibration procedure and 7 years of data from the model performance

were assessed and found to be appropriate and can be used to simulate stream flow in

Little Ruaha Catchment. According to modelling experience by Water Resources

Engineering Project based at University of Dar es salaam (Ndomba et al., 2005),

percentage missing of data greater than 15% is not recommended for modelling and this

has not affected this study since data from all stations used for simulations has

percentage of missing data less than 15%. The model evaluation shows good agreement

between the observed and simulated stream flow although model over estimate flow

especially in 2002. Through close examination of the data revealed that rainfall records

in some stations were low and observed flow was high especially during rainy season.

The modelling suggests that using processed or adequate and reliable spatial rainfall data,

fully distributed watershed i.e.

increasing number of sub basins and more rainfall stations records model could improve

the results of this study.

4.10.3 Hydrological impacts of climate variability and land use land cover change

Table 19 shows annual water balance while Table 20 shows annual mean runoff

simulated by SWAT under different land use and climate scenarios.

Table 19: Average annual water balance 1981-1999.

Variable_____________________
Total Water Yield (WYLD) (mm) 
Surface Runoff (SURQ) (mm) 
Base flow (GWQ) (mm)

___ SI
238.67
136.89

8.26

Scenarios 
S2 

268.64 
141.27 

8.66

__ S3
270.76
145.89
8.235

__ S4
276.76
149.89

8.45

long period of calibration flow data, settling up a
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Table 20: SWAT output scenarios

The contrast between SI and S2 indicated the influence of land use land cover change

which accounted for 23%. The contrast between SI and S3 indicated the influence of

climate variation. The climate variation decreased runoff by 4.85 mm, which accounted

for 59.67% of the total runoff reduction. The contrast between SI and S4 indicates the

combined effect of land use land cover change and climate variability which accounted

8.13mm reduction in runoff. The above results showed that, the land use land cover

change and climate variability during 1990s and 2000s both decreased runoff, but the

contribution of climate variability was far greater than that of land use land cover change.

It should be pointed out that, simulation of measured runoff reduction caused by both

climate variability and land use land cover change (6.72 mm) was slightly smaller than

simulated combined effect. This result can be compared with Zhi et al. (2009) which

obtained that the effect due to land use land cover change accounted for 9.6% and effect

due to climate variation was 95.5%. Also a study by Githui (2008) in Nzoia River basin,

Kenya revealed that without climate variability, land use land cover changes would

account for difference in runoff of about 55-68%. On the other hand, change in climate

without land cover change accounted for a difference in runoff of about 30-41%.

Scenario
SI
S2
S3
S4

Stream flow (mm)
44.19
46.06
49.04
52.32

between the two periods. The land use land cover change decreased runoff by 1.87 mm
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CHAPTER FIVE

5.0 CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

This study investigated the impacts of land use land cover changes and climate variability

in theLittleRuaha River catchment. This was an integrated assessment that used combined

GIS and remote sensing methodological approaches as well as physical based

hydrological model (SWAT) in understanding the land resources change and climate

variations and their resulting effects on stream flow characteristics. The findings have

revealed that the study area has undergone notable changes in terms of land use land

impacted, notably by the increased anthropogenic activities. The settlement and cultivated

investigation as well as the cultivated woodland. Results from hydrological modelling

revealed that both land use land cover changes and climate variations have reduced the

stream flow by 23% and 59.67%, respectively. There have been significant changes in

land use land cover in the catchment as well as hydrological characteristics of the

catchment. The results revealed the fact that the amount of flows generated from the high

catcliment has statistically changed over the time. SWAT proved to be a useful tool for

assessing the effects of environmental changes including land use land cover changes and

climate variability in the Little Ruaha catchment. The Nash-Sutcliffe model efficiency

and coefficient of determination (R2) were 58% and 65% as well as 72.68% and 77.35%

for calibration and validation periods respectively; indicating that SWAT performance in

Little Ruaha catchment was very good. The study highlights the importance of integrating

remote sensing techniques and hydrological modelling in understanding the catchment

cover for the period 1990, 1998 and 2011. The woodland areas were found to be highly

land was found to have consistently increased between the two periods under
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catchment problems for the sustainability of the catchment resources.

5.2 Recommendations

Based on the findings of this study, it is recommended that:

There is a need for changes in the catchment management and formulation ofi.

implementable strategies of the catchment resources management.

ii. There should be a close monitoring of water abstractions from both water users

groups as well as use of improved irrigation infrastructures in order to reduce

temporal distribution of runoff in the catchment.

There should be initiative for both catchment beneficiaries within the catchmentiii.

management strategies should be formulated together with land use plans.

Analysis of flows from flow duration curves at little Ruaha catchment confirm theiv.

good

indication of changes to the hydrological balance upstream in the Little Ruaha

catchment and which is associated with their increased change in land use and

covers. The study recommends the need to consider the effects of land use land

cover change and climate variability on ecosystems and water resources for

informed decisions on proper planning and management of the catchment

progressive decrease in dry flows for the pre 1998 and post 1999 thus a

resources dynamics and generating information that could be used to overcome the

on how to use catchment resources sustainably. Sustainable catchment
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