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ABSTRACT 
Land use changes have been occurring as a result of human uses for developmental purposes. These changes will certainly 

have a negative influence on the hydrological characteristics of catchments, thereby inducing an increase in surface runoff, 

soil erosion and sediment inputs. In the year 2000, Rio Tinto discovered kimberlite diamonds in Murowa, Zvishavane. This 

discovery led to the relocation of 142 families to Shashe resettlement block in Masvingo Province near Mashava. The area 

which was once rangeland area was then converted to settlement and cultivation in 2004. The land conversion has had 

significant effects on runoff which results in sedimentation of the Mavaire river. To determine the effect of the resettlement 

induced land use changes on Mavaire river discharge firstly, the spatial and temporal land use changes that took place in 

Shashe were determined using landsat images with ArcGIS 10.1 and the results showed that a significant change in the 

spatial and temporal land uses existed. The major land use changes which took place for the 3 years of 1998, 2006 and 2014 

were as follows; Water percent area was decreasing for this time period and it was 1%, 3% and 2% respectively. Mining 

percent area was also decreasing and was 18%, 12% and 4% respectively. A decrease in forest area was also noted. It was 

29%, 22% and 3% respectively. Grassland percent area was 34%, 16% and 12%. Cultivation percent area was 13%, 17% and 

32%. Rangeland was 29%, 30% and 47%. Secondly the relationship between the selected land uses and runoff was then 

tested using linear regression. Further statistical analysis was done with R2 value and standard error. A strong relationship 

between selected land uses and runoff of Mavaire river was found. A strong positive relationship was y = -0.146x+66713 for 

mining, the R2 value 0.970 and it had a standard error of 18% .A decrease in forest area resulted in an increase in runoff and 

a strong positive relationship existed between the two at a slope of y = 0.077x+66669. The R2 value was 52% and its standard 

error was 0.930. Cultivation area was increasing, this resulted in an increase in runoff at a slope of y = 0.125x+65790. The 

standard error was 32% and the R2 value of 0.930. Rangeland area was also increasing but it resulted in a decrease in runoff 

at a slope of y = 0.119x+65433. The R2 value was 0.786 and its standard error was 54%. The results from this research are 

particularly relevant for Shashe resettlement block in formulating, implementing and monitoring strategies for sustainable 

development such as farmer training programmes on conservation agriculture, promoting the use of biofuels to reduce 

deforestration, also monitoring of the cutting down of trees with the help of the Environmental Management Agency and 

chiefs as well as headmen with the help of the Ministry of Agriculture should designate properly managed paddocks to 

control overgrazing. The government and eminent domains should also ensure that negative effects of resettlements are 

given due consideration in the planning procedure to avoid environmental consequences. Also there is need to conduct 

research on future land use change effects on dam sedimentation of Mavaire river. 
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CHAPTER 1: INTRODUCTION 

 

1.1 Background 

The terms land use and land cover are often used interchangeably and inappropriately and in the end 

they are confused. Land use is a term that refers to a series of activities that are undertaken to produce 

goods and services. It is described on the basis of the functions of land and can also be described as the 

range of direct human induced uses such as agriculture, forestry recreation among many other uses 

(IPCC, 2001). Land use is thus described as the manner in which land is utilised and exploited for its 

resources by humans and this is usually at the expense of the environment (Bhatta, 2010). Land cover 

on the other hand is the observed physical cover that can be visualized on the ground such as water, ice 

and sand. These covers can also be seen through remote sensing techniques such as geographical 

information systems for example Landsat images can be acquired and processed through ArcGIS 

software (FAO, 1997). 

Human‘s activities have led to the transformation of a large proportion of the planet‘s land surface as a 

result of population increases. For example humans destroy the environment when they clear up forests 

and converse it to urban area and also through practices such as subsistence agriculture. Intensification 

of farmland production and the conversion of rangeland to settlement is also conducted by human 

beings hence the results of their actions have changed the world‘s landscapes in pervasive ways by 

leading to air, water and soil pollution (De Fries et al., 2004). These activities also certainly have a 

negative influence on the hydrological characteristics of catchments, as they lead to an increase in 

surface runoff, soil erosion and sediment inputs (Calder, 2007). 

 

The mining industry is one of the major causes of development induced resettlement along with dam 

construction. This has seen most land being converted from rangeland to settlement or cultivation 

causing negative impacts on the environment. Development induced resettlement involves the 

involuntary resettlements of populations without the informed consent of the displaced persons or, if 

they give their consent, without having the power to refuse resettlement (IFC, 2011). A typical example 

of such displacement is a government agency's expropriation of land for a capital development project 

by eminent domain. People occupying or otherwise dependent on that land for their livelihoods may be 

offered fair compensation for their losses. However, they have little recourse to oppose the 

government's expropriation, regardless of their desire to continue occupying or using the affected land 
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(IFC, 2002). Of the top ten exports in Zimbabwe in 2008 diamonds were ranked 9th. Globally the 

country is among top ten diamond producers with estimated revenue of US$334 million (Partnership 

Africa Canada, 2009). According to a 2001 Oxford Refugee Centre report, the mining industry is the 

fourth greatest reason of development induced displacement resettlement (Rew et al., 2000). In 

Zimbabwe mining it is the fastest growing economic sector and a major stimulus for economic recovery 

(African Development Bank, 2011). In 2010 the mining sector contributed 65% of total exports 

(Ministry of Finance, 2011; Mtisi et al., 2011). It is a recurring land use function in Zimbabwe hence a 

major contributory factor to most land use-cover changes. 

 

Rio Tinto discovered kimberlite diamonds in Murowa, Zvishavane in December 1997. During the 

discovery phase it was decided that the operation of the mine would require the the relocation of about 

142 families to Shashe in Masvingo province. In 2002 resettlement agreements were signed between the 

company, the government of Zimbabwe and the communities affected. In 2004 preparations for the 

mining operations were completed and 926 people of 142 families were relocated to Shashe 

resettlement area (Rio Tinto, 2010). Rio Tinto had built new homes, roads, clinics, and a shopping 

centre for these affected communities (Bogumil, 2012). According to Nish and Blice (2012), Rio 

Tinto‘s resettlement programme was socially acceptable as the company signed a public agreement with 

the affected families. This agreement led to the relocation of 265 graves from Murowa to Shashe.  

 

The conversion from rangeland to settlement and cultivation are typical land use-cover changes that 

have potentially large impacts on the hydrological cycle and water resources (Stonestrom et al., 2009), 

particularly now with the climate change phenomena and increasing water demand in regions where 

water availability is limited such as semi arid areas (Mugabe, 2005). Research on the effect of changes 

in land use- cover have  been found to have  significant changes in leaf area index(Mao and Cherkauer,  

2009), soil moisture content, infiltration capacity (Fue et al., 2009)  runoff as well as surface roughness 

(Feddema et al., 2005) together with soil erosion. These effects are caused as a result of the complex 

interactions among vegetation, soils, geology, terrain and climate processes. Land use modifications 

also affect flood frequencies and magnitudes (Ward et al., 2008; Remo et al., 2010) and changes in 

water supply and quality (DeFries and Eshleman, 2004).  

 

The increase in water demand and the potential for land use-cover change to compromise the 

hydrological cycle and reduce water availability calls for a better understanding of water budget and 

movement to enable a sustainable management of water catchments, one way to achieve this is by 
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exploring effective methods and mechanisms of water resource management with geographical 

information systems (Surur, 2010). 

 

Effects of land use changes on hydrological effects can be done through time series analysis of 

historical data. This method is however not conclusive in nature. Catchment experiments can also be 

conducted (Hibbert, 1967; Hewlett et al., 1969; Bosch and Hewlett, 1982; Andréassian, 2004) as well as 

the establishment of empirical relationships that exist between hydrological variables with land uses 

(Turner, 1991; Zhang et al., 2001; Lu et al., 2003; Oudin et al., 2008). Hydrological models can also be 

used to determine these effects (Onstad and Jamieson, 1970; Jain et al., 1992; Hundecha and Bárdossy, 

2004) as well as geographic information system ( Jasrotia and Singh, 2006; Calder, 2007). 

 

This study will explore the relationship between runoff and major land uses as well as ascertain the 

strengths of these relationships and the major causal factors for Shashe resettlement block with the use 

of field observed data and remotely sensed data. This will enhance the sustainable management of 

Shashe catchment.  

1.2 JUSTIFICATION 

The Shashe block is a semi-arid area in natural region IV of Zimbabwe (Vincent and Thomas, 1960).                

It was previously white minority owned and was specifically used by six large scale commercial 

agricultural farm owners as rangeland before a major conversion was done to settlement and cultivation 

in 2001(Rio Tinto, 2001). Natural Regions IV and V lie in the semi-arid areas of Zimbabwe. They 

receive rainfall that is less than 600 mm per annum and frequent droughts are experienced in this region 

(Vincent and Thomas, 1960). The little rainfall the area experiences is however ineffective as it is not 

uniformly distributed.(Gowing, 2003). Effective yields are received in three out of five years 

(Nyamudeza, 1998), this forces the affected communities to rely mainly on subsurface underground 

(Mbetu, 1993; Lovell, 2000) or water stored in dams during the dry years.  

 

The major challenge in Shashe is of the severe drying up of Mavaire reservoir, borehole water as well as 

the siltation of that small catchment. This causes for concern as small surface reservoirs play an 

important role of providing ready and useful source of water for various uses to rural communities 

(Andrein et al., 2009) such as small scale community gardens, livestock watering, brick making, 

building, dip-tank watering thus are a buffer during dry seasons and drought years (Senzanje et al., 

2008). 
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A substantial amount of research work has been carried out on catchment hydrology and how it affects 

water resources (Bosch and Hewlett, 1982; Smith, 1987; Burch et al., 1987; Butterworth, 1997; Green 

and Marsh, 1997; McCartney et al., 1998; Schulze, 2000) .Most of that work was mainly focusing on 

wet areas. The few studies in the semi-arid areas are by (Butterworth, 1997, Lorup et al., 1998 and 

McCartney et al., 1998). Characterising the response of a catchment to rainfall, in terms of the 

production of runoff versus the interception, transpiration and evaporation of water, is the first 

important step in understanding water resource availability in a catchment. This is particularly 

important in small semi-arid catchments, where a few intense rainfall events may generate much of the 

season‘s runoff and where there is a spatial and temporal variability of rainfall can be high 

(Butterworth, 1997) 

 

There exists a gap in semi-arid areas in terms of land use changes on catchment hydrology as fewer 

studies have been conducted in these catchments as compared to other areas. Most work has considered 

extreme hypothetical situations whereby change is implemented on the whole catchment (Bosch and 

Hewlett, 1982), yet such changes are often in different sections of the catchment. The impact of land 

use changes on surface water resources thus needs to be established, as a lot of households in the semi-

arid areas depend on surface water resources (Lovell, 2000). 

 

The effect of land use changes on the hydrology is not clear in catchment where studies have not yet 

been conducted. This study in Shashe will establish the relationship that exists so as to effectively 

manage this subcatchment. In Shashe resettlement block, there are no variation in the physical 

characteristics of the catchment, the major conversion of land use led to a massive decrease in forested 

areas and an increase in cultivated area thereby influencing the discharge for this site. Given that there 

are about 600 small to medium dams in Masvingo Province, most of which were built in the1970s, with 

some dating back to the 1940s (Zirebwa and Twomlow, 1999). No records of whether these small dams 

fill up every year or the quantity of water still retained at the beginning of the wet season is available. 

Lack of such information complicates water management decisions for the communities as they do not 

know how much water can be used in a given season and how much should be left before the onset of 

the wet season, in which there is a risk that the dam may not refill, because of the typical pattern of 

rainfall in semi-arid areas. This study will help in the sustainable management of small catchment dams 

which are experiencing severe land use changes through identification and establishment of crucial 



5 
 

relationships of land uses that have a strong influence on runoff. This will be aided with the use of 

geographical information systems and remotely sensed data. 

1.3 Objectives 

Main Objective 

To establish the response of Mavaire river discharge to resettlement induced land use change. 

Specific Objectives 

a. To determine the spatial and temporal land use changes of Shashe resettlement area from 1998 

to 2014. 

b. To establish the relationship of selected land use changes on Mavaire river discharge in Shashe 

resettlement area from 1998 to 2014. 

1.4 Hypotheses 

a. Ho: There is a significant change in land uses of Shashe resettlement block from 1998 to 2014. 

H1: There is no significant change in land uses of Shashe resettlement block from 1998 to 2014 

b. Ho: There is a strong relationship between selected land use changes and Mavaire river 

discharge in Shashe resettlement area from 1998 to 2014. 

H1: There is no strong relationship between selected land use changes and Mavaire river 

discharge in Shashe resettlement area from 1998 to 2014. 
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Chapter 2: LITERATURE REVIEW 

2.1 Global land use functions 

The modification of the earth‘s surface by human actions have led to deforestation, an increase in 

natural disasters, biodiversity loss and global warming (Ruelland et al., 2011, Beuchille et al., 2011, 

Potakov et al., 2012) due to mismanagement of agricultural lands, forest lands and urban as well as 

rangeland. These land use negative effects are being caused by the increase in the human populations as 

well as the growing socio- economic necessities. This scenario has built a need to have information on 

the available land uses so as input data that can be used to enhance proper environmental management 

and planning in a sustainable manner (Skole et al., 1993; Brink et al., 2009). 

 

One of the main uses of land is cultivation. This use has been on the increase as from the 1980‘s 

(Xiomei and Ronqing, 1999), particularly in semi arid areas such as Zimbabwe (Lumbing et al., 2001). 

Croplands and pastures have developed so much and are now occupy the largest area in the planet and 

they have rivaled the extent of forest area. Their area extent is approximately 40% (Rumankutty and 

Foley 1999; Asner et al., 2004). This type of changing land use has enabled the growth of world grain 

harvests to increase such that they exceed two billion tons per year (Mann, 1999). This increase can be 

attributed to a 12% increase in earth cropland area (Matson et al, 1997). 

 

 Land use change, however, does not come without costs . Conversion of farmland and forests to urban 

development reduces the amount of lands available for food and timber production. Soil erosion, 

salinization, desertification, and other soil degradations associated with intensive agriculture and 

deforestation reduce the quality of land resources and future agricultural productivity (Lubowski et al. 

2006). 

 

Land uses disrupt the surface water balance, partitioning of precipitation into evapotranspiration and 

runoff as well as groundwater flow. Surface runoff and river discharge generally increase as forest area 

decreases (Shiklomanov, 1998). Tocantins River basin which is located in Brazil showed a 25% 

increase in river discharge between 1960 and 1995, this increase was as a result of the expanding 

agriculture as there was no major change in precipitation (Costa et al., 2003). Overall water withdrawals 

in the world are now 10% of the entire global renewable resource (Shiklomanov, 1998). Agriculture 

alone accounts for 85% of global consumptive use (Annu et al., 2003).A lot of large rivers in semiarid 

regions are experiencing reduced flows. Some of them are drying up. In addition, the extraction of 

groundwater reserves is almost generally unsustainable thus has resulted in declining water tables in 
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many regions (Rosengrant et al., 2002; Postell, 1999. Intensive agriculture also results in an increase in 

erosion hence sediment load also increases. Intensive agriculture leaches nutrients and agricultural 

chemicals to both surface and subsurface water resources thus it has In fact become the largest cause of 

excess nitrogen and phosphorus to water bodies (Benett et al., 2001; Carpenter et al., 1998). 

. 

Land use activitie caused by agriculture have resulted in a net loss , have resulted in 7 to 11million km² 

of forest being lost in the past 300 years (Ramankutty and Foley, 1999; Gibbs, 2001; FAO, 2004). Many 

land use practices such as wood collection for fuel, forest grazing and encroachment of cultivation land 

in forest and settlement expansion can degrade forest ecosystem conditions in terms of productivity, 

biomass, stand structure, and species composition even without changing forest area. Land use can also 

degrade forest conditions indirectly by introducing pests and pathogens, changing wood for fuel fuel 

loads, altering patterns and frequency of ignition sources as well as altering local meteorological 

conditions (Nepstad, 1999). However in East Asian countries, reforestation and afforestation measures 

that are undertaken have resulted in an increase in the area of forested lands (Fung et al., 2001). Also 

forest management in many regions is acting to improve forest conditions such as inadvertent nitrogen 

fertilization, peatland drainage. Direct management efforts increased the standing biomass of European 

forests by 40% between 1950 and 1990 (Kauppi et al., 1992; Nabuurs et al., 2003).  

 

Land is one of three major factors of production in classical economics (along with labor and capital) 

and an essential input for housing and food production. Thus, land use is the backbone of agricultural 

economies and it provides substantial economic and social benefits. Land use change is necessary and 

essential for economic development and social progress. Land–use change is arguably the most 

pervasive socioeconomic force driving changes and degradation of ecosystems. Deforestation, urban 

development, agriculture, and other human activities have substantially altered the Earth‘s landscape. 

Such disturbance of the land affects important ecosystem processes and services, which can have wide–

ranging and long–term consequences (Table 2) Farmland provides open space and valuable habitat for 

many wildlife species. However, intensive agriculture has potentially severe ecosystem consequences. 

For example, it has long been recognized that agricultural land use and practices can cause water 

pollution and the effect is influenced by government policies. Runoff from agricultural lands is a 

leading source of water pollution both in inland and coastal waters. Conversions of wetlands to crop 

production and irriga tion water diversions have brought many wildlife species to the verge of 

extinction. Forests provide many ecosystem services. They support biodiversity, providing critical 

habitat for wildlife, remove carbon dioxide from the atmosphere, intercept precipitation, slow down 
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surface runoff, and reduce soil erosion and flooding. These important ecosystem services will be 

reduced or destroyed when forests are converted to agriculture or urban development. For example, 

deforestation, along with urban sprawl, agriculture, and other human activities, has substantially altered 

and fragmented the Earth‘s vegetative cover. Such disturbance can change the global atmospheric 

concentration of carbon dioxide, the principal heat–trapping gas, as well as affect local, regional, and 

global climate by changing the energy balance on Earth‘s surface (Marland et al. 2003). Urban 

development has been linked to many environmental problems, including air pollution, water pollution, 

and loss of wildlife habitat. Urban runoff often contains nutrients, sediment and toxic contaminants, and 

can cause not only water pollution but also large variation in stream flow and temperatures Habitat 

destruction, fragmentation, and alteration associated with urban development have been identified as the 

leading causes of biodiversity decline and species extinctions (Czech, Krausman and Devers 2000; 

Soulé 1991). Urban development and intensive agriculture in coastal areas and further inland are a 

major threat to the health, productivity, and biodiversity of the marine environment throughout the 

world. 

2.2 Resettlement induced land use changes  

Mining is the one of the main causes of development induced displacement is probably the second 

largest category of resettlement (IDMC, 2010). Mining Induced Resettlement (MIDR) has not been 

researched fully thus lack of data on its severerity exists. Each year, about fifteen million people are 

displaced as a consequence of large investments. The problem was exposed in the mid-fifties during the 

construction of large dams in Africa such as the Kariba dam in Zimbabwe (Cernea, 1998). Scientific 

understanding of development-induced displacement and resettlement was formed by the effects of 

building large dams. Development induced displacement is caused by the the construction of dams, 

hydroplants, and large irrigation projects, building of roads, urbanization, development of agriculture 

(IDMC, 2010). 

 

The first cases of MIDR was in the 19th-century in India. It was caused by the actions of the Britain and 

the United States of America. In Africa, which was divided at that time among the colonial empires as 

well as against Indians broken out in America. In the majority of cases, the natives became the victims, 

a situation which has not changed to the present day. The rapid development of technology in the 20th 

century has transformed mines into large industrial facilities. Big companies exploiting open-pit mines 

rarely pay attention to the situation of local communities (Oxford Refugee Centre Report, 2001). 
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MIDR exists in many countries and constitutes a visible and burning social issue that poses a threat to 

human rights as well as the environment. It is present in countries such as India (Fernandes and Walter, 

2006), Ghana, China (Dewtt, 2006), Philippines, South Africa, Tanzania, Democratic republic of 

Congo, New Guinea, Mali and Zimbabwe. 

  

 

In China there is not much literature on mining-induced displacement. Available publications, however, 

draw attention to the dangers of resettlement associated with the exploration of new coal rich areas in 

China, such as Xinjiang province. Various Uighur communities living in this area are particularly 

vulnerable to this problem (Dewet, 2006).‖ 

 

Mining in the Philippines has caused massive displacement of indigenous peoples from their ancestral 

lands. The expansion of mining has led to many negative consequences for indigenous populations such 

as loss of ownership, management, and control of land and resources which are the material base of the 

peoples‘ identity, culture, and survival, and denial of the peoples‘ resource-management systems. It has 

also caused massive loss of livelihood and destruction of local economies and has resulted in numerous 

threats to food, health and water security. The dislocation of settlements and villages and weakening of 

socio-cultural systems is another effect of mining in the Phillipines destruction of bio-diversity, 

pollution and degradation of the environment. Mining –induced displacement also resulted in the loss of 

traditional knowledge and systems of resource management (Bhengera, 1996). Among the communities 

most threatened by forced displacement are B‘laan, Kasibu, Nueva, Vizcaya, and Igorot.‖ 

 

The problem in Papua New Guinea is the expansion of the two largest open-pit mines in the country: 

OK Tedi mine and Porgera mine. Particular attention was paid to human rights violations in the first 

project for Tedi mine, more than 30,000 people have been displaced by pollution associated with the 

development of OK, Tedi gold mine. According to some sources (Hillson, 2006) environmental 

damages have displaced 4,000 people. As for Porgera mine, during its development of gold and silver 

mining operation, many people were relocated. Resettlement principles were identified in the Porgera 

Relocation Agreement in September, 1988, the Tolukuma Compensation Agreement in November, 

1993, and the Lihir Integrated Benefits Package in April, 1995 (Dewett, 2006).‖ 

 

More than 30,000 people were displaced between 1990 and 1998 in the Tarkwa district of Ghana by 

gold mining operations. At least several hundred people each year are resettled in the region as a result 



10 
 

of mining development. Mining in this area has destroyed 14 communities between 1990 and 1998, 

mass displacement has led to the large-scale migration of young people to urban centres mostly in 

Tarkwa. The second planned mining project in Ghana called the Akyem project is likely to destroy 

surrounding habitat and move hundreds of people from their initial places of residence. One of the most 

controversial projects in Ghana is also the Ahafo gold mine. Since its commencement in 2006, the mine 

has been faced with allegations of human rights abuses committed by the security forces protecting the 

mine, along with the displacement of 10,000 people, inadequate compensation, and environmental 

disruption such as cyanide spill in October 2009 (Cernea, 1991).‖                          

 

Displacement in Mali is the consequence of gold-mining development in three areas which are Sadiola, 

Syama, and Morila. In the Sadiola region, 46 villages lost their space due to MIDR. Sadiola mine, 

which will operate until approximately 2011, is the largest gold extraction investment in Mali. Experts 

state that only in the area of three villages that are Sadiola, Farabakouta, and Niamboulama has the 

development of mining led to the displacement of more than 1,000 people. In the Forou region near the 

Syama gold mines, 121 communities have lost their land because of mining (Mali foreign government, 

2011). According to Eyolf Jul-Larsen (et al., 2011), the major social consequences of industrial gold 

mining in Ghana are the expropriation of land and displacement of villages; a reduction in agricultural 

and pastoral activities; environmental hazards; housing bottlenecks; social changes, unemployment, and 

inflation(Larsen, 2012). Lack of comprehensive statistical data makes it impossible to determine the 

scale of MIDR in Mali. According to Sonnenberg and Munster (2001), 2135 people from 85 households 

were resettled in Sadiola Hill  where an open-pit gold mine  was opened in 1996 in Kayes Region of 

Mali and 165 people from 8 households were resettled in Yatela  where the expansion of the Yatela 

open-pit gold mine, opened in 2001 and was situated 25 km north of Sadiola.  In mid 1996, Anglo Gold 

Ashanti worked to resettle the villages near the Sadiola mining area, Sadiola, Farabakouta, and the 

Niamboulama and between April 1999 and October 2000, 1200 inhabitants of these villages were then 

resettled.‖ 

 

Resettlement issues in Botswana are particularly connected with the rights of aboriginal people, cultural 

heritage, and the conservation of nature. The most well known example of displacement is the forced 

relocation of two aboriginal San communities of the Gana and Gwi tribes from the Central Kalahari 

Game Reserve. This action led to the violation of several human rights: indigenous people rights, water 

rights, and the right to land. The San people‘s case, among others, was undertaken by the Human Rights 

Commission of the United Nations in Geneva. Since the mid-nineties, there is also the subject of court 
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battles in Botswana. The reasons for the relocation of aboriginal peoples are for the conservation of 

nature and for mining. According to Survival International, in three big clearances, in 1997, 2002 and 

2005, virtually all the Bushmen were forced out. Their homes were dismantled, their school and health 

posts were closed, their water supply was destroyed and the people were threatened and trucked away 

(Nish, 2012) .In 1997 the government of Botswana decided to resettle hundreds of San people living in 

the Central Kalahari Game Reserve (CKGR). According to official statements, the aim of the operation 

was ―proposed conservation and development" and to raise the functioning standards of the rest of the 

San living in the reserve. In July 2004, the authorities decided to resettle the next several hundred 

residents of the reserve because deposits of diamonds were discovered. This decision led to protests by 

250 San people residing there. The world-renowned corporation De Beers expressed interest in the 

exploitation of diamond deposits in the reserve (Nish, 2012). 

 

Another attempt to remove San people from the Central Kalahari Game Reserve was in 2008. In 2009, a 

Botswana government official has admitted that the Kalahari Bushmen were evicted from their land to 

make way for diamond mining, and that authorities cut off the water supply to force Bushmen out of the 

Central Kalahari Game Reserve (Colchester,2002). In 2009, about 1,000 San people were seeking to 

return to the Kalahari Reserve. The Central Kalahari Game Reserve is a disgraceful example of a place 

where mining and tourism development were more important than the rights of indigenous peoples. 

 

The Democratic Republic of Congo has Africa‘s largest mineral resources, but the vast majority of its 

people live in poverty. The fight to control mining has been a major factor in the violent conflict which 

has raged in eastern Democratic Republic of Congo for at least 16 years.  The problem of so-called 

blood diamonds exists where the profits from the diamond trade are used to fund conflicts. Rebel forces 

control some of the diamond fields, extracting diamonds, then selling them and spending the earned 

money to continue the conflict. In 2011, Randgold Resources announced plans to start mining Africa‘s 

biggest undeveloped gold deposit in eastern DR Congo. The beginning of gold mining in Kibali will 

require the re-location of 15,000 people. The new Kibali gold project is located close to the Ugandan 

border in a corner of DR Congo. According to Randgold representatives, all people will be moved to a 

new village constructed by the company. In June 2011 the first of 14 affected villages started moving to 

the Kokiza resettlement village, which will include approximately 3700 newly built homes. Only two of 

12 villages have already been resettled to date (Randgold, 2012).‖ 
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The development of titanium mining in Kenya‘s Kwale region led to the displacement of at least several 

thousand people. In 2001, 3300 to10000 people (450 households) were resettled as a consequence of 

mining conducted by Tiomin Resources (Sonnenburg and Munster, 2001). In July 2004, the Kenyan 

government and Toronto-based Tiomin Resources signed a deal for a 21-year mine for titanium in 

Kwale. It was estimated that, by 2007, the mining project would displace 5,000-10,000 in the Kwale 

district. Many of them are indigenous people. 

  

Konkola Copper Mines is the biggest copper produced in Zambia. According to Sonnenberg and 

Munster (2001), 750 people from 143 households had been resettled at that time by mining operations. 

The affected people (67 households) were moved to Ming‘omba village on 14 January, 2002. In 

February 2002, 74 households from Kawama were resettled. The resettlement plans were implemented 

in accordance with IFC Guidelines. Residents were given access to social services: schools, a health 

centre, water supply, sanitation (Curtious, 2008). 

 

The Bulyanhulu Gold Mine, opened in 2001, forced the resettlement of 511 people from 56 households 

(Sonnenberg and Munster, 2001). In 1996, the mine was the scene of one the most infamous cases of 

mine-related violence. Over 50 artisanal miners were buried alive by bulldozers used to construct new 

mine. About a thousand people were displaced due to development of the Buzwagi Gold Mine in the 

Kahama District. More than 30,000 artisan miners were resettled as a consequence of the construction 

of Geita and Nzega, two large-scale gold in Tanzania (Curtious, 2008). 

 

 

Resettlements in Mozambique are associated with the mining of titanium in its Chibuto District 

(Corridor Sands Titanium) and Moma District (Moma Sands Titanium). According to Sonnenberg and 

Munster (2001), 4200 people in 840 households were resettled in connection with the Corridor Sand 

Heavy Mineral Sand Project. Resettlement implemented by the Brazilian mining company Vale in the 

Moatize district, in the western province of Tete aroused the protests of affected people. Between 

November 2009 and April 2010, Vale resettled hundreds of people from the area of mining concession 

in Chipanga. About 717 households regarded as ‗rural‘ were resettled in the locality of Cateme, about 

35 kilometres from Moatize town and 288 households, regarded by mining company as ‗semi-urban‘, 

were resettled in the neighbourhood within the town. About 308 households refused to change their 

place of residence, and demanded monetary compensation instead. In Cateme 750 new houses were 

built and people have access to social services, an elementary school, a police station, a health center, 
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and water and electrical infrastructures. Despite this fact, displaced people protested against a number 

of problems encountered. According to some sources, 400 of the 750 houses had been poorly built and 

access to electricity, water, and agricultural land. On January 10, 2012, more than 400 families blocked 

the road and railway line in Tete to protest against poor living conditions and the failure of the 

resettlement programme. Vale has now promised to resolve all the problems at the Cateme resettlement 

area within half a year.‖ 

 

A particularly infamous example of MIDR in Zimbabwe is connected with the recent development of 

the Marange Diamond Fields. The Chiadzwa area, located in the eastern part of the country is 

considered the world's biggest diamond find in more than a century. In January 2009, the government 

announced its plans to resettle 4,700 Chiadzwa villagers to the 12,000 ha Arda Transau Farm, on the 

Odzi River. Resettlement plans provoked protests amongst Chiadzwa villagers (Madehwe et al., 2011). 

Over 500 Manicaland families from Chiadzwa to date have been relocated to Arda Transau Relocation 

Village, 24 km from Mutare. The villagers moved into three-bedroom houses, built by a private 

contractor, which cost $55,000 per unit (Katsaura, 2010). Mbaba Diamonds, the company responsible 

for the exploration, promised to build schools and clinics and to provide residents with basic social 

services. This might be just the beginning of resettlement issues in Zimbabwe, as more and more 

diamond deposits are discovered in this country. The development of mining can bring about a host of 

negative consequences for the rural population of Zimbabwe.‖ 

 

―Rio Tinto, a mining company operating in many countries, is a good example of a corporation 

applying the principles of sustainable development and ethical responsibility. Rio Tinto‘s Murowa 

diamond mine in Zimbabwe is an example of ethical and appropriate resettlement. The Murowa is a 

diamond mine opened in 2004, located in southern central Zimbabwe, 350 km south-west of Harare. 

―During the discovery phase, it was ascertained that the development of the project would require the 

relocation of 100 families. In June 2001, the initial resettlement mapping plan was completed, according 

to which 926 people from 142 families were resettled. In May 2002, resettlement agreements were 

signed among the company, local authorities, and the resettled community. The preparation of mine 

facilities was completed in late 2004. These activities included the relocation of 926 people living in the 

immediate vicinity of the mine to 6 farms purchased by the government resettlement program. In 2005, 

the company relocated 142 families to Shahse, about 150 kilometres east of Murowa (Rio Tinto, 2001). 

A public infrastructure agreement was signed between the company and local authorities on access to 

social services and the construction of school and health facilities. A separate public agreement was 
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associated with the relocation of 265 graves from the old settlement to the specially prepared new area. 

Additionally, after the initial resettlement plan, 224 families were relocated to Shashe resettlement area 

in Mashava, Masvingo Province.‖ 

 

 According to Rio Tinto, the company then built new roads, a health centre and a primary school. They 

also implemented community development projects including micro-irrigation and agricultural and 

business training programmes, allowing the people to adapt to their new situation and the development 

of a local economy (Nish, 2012). As Simon Nish and Sara Bice pointed out, each family received access 

to approximately 8 ha of arable land for their own purposes and access to 32 ha of common arable land 

(Bogmuli, 2010). The case of the Murowa diamond mines is a good example of broad public 

participation in resettlement schemes, negotiations significantly in advance of resettlement, and detailed 

public infrastructure agreements but the environmental consequences are not fully catered for. This 

study was thus carried out to establish the relationship between resettlement induced land use changes 

on selected hydrological characteristics on this site..‖ 

 

Mining Induced Displacement is a problem that has been duly and thoroughly penetrated in the last 40 

years. Yet this theme still remains marginal from the perspective of environmental consequences 

especially hydrological characteristics aspect (Downing, 2002). Mining-induced displacement exists in 

several dozen countries around the world and mostly in developing countries it leads to numerous 

negative consequences. Thus, the effects of displacements should be given due consideration in order to 

avoid such environmental consequences. 

2.3 Land use changes and remote sensing 

―In order to assess past land use changes, satellite images provide valuable spatially distributed 

information. Historic multispectral satellite images can be used to produce past land use classifications. 

In the absence of historic ground truth data, different methods and data such as historic topographic or 

land use maps are employed to derive accurate past classifications (Miller et al., 2002; Seeber et al., 

2010). These classifications are superior to commonly used freely available, global data sets (Hansen et 

al., 1998), as they provide a higher spatial resolution (30 m) and often have a higher level of detail with 

regard to the number of distinguished classes. Each land use classification is representative of the date 

of the satellite image and the phenology of the plants at this time in the year (Jensen, 2007), particularly 

in regions with a high temporal variability in temperature such as temperate and continental climates or 

precipitation such as tropical wet and dry climates, the date of the satellite imagery has a pronounced 
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impact on the identifiable and distinguishable land use classes. In order to derive a classification which 

is representative of the whole year, several land use classifications from different times in the year can 

be combined to produce one multitemporal land use classification (Villarreal et al., 2011; Yuan et al., 

2005). By this means, the intra-annual differences are minimized. Thus, a series of such multitemporal 

land use classifications can be analyzed to identify the inter-annual or, in the present case, inter-decadal 

changes over a past period of time.‖2.3 Remote sensing and Geographical Information Systems. 

Remote sensing and Geographical Information Systems (GIS) are powerful tools that are used to derive 

correct and appropriate information on the spatial allocation of land use and land cover changes .They 

execute so particularly on large areas and as well remote areas frequently for a period of more than 40 

years (Persson, 1977; Tappan et al., 2004; Archard et al., 2002; Bodart et al., 2011). Remote sensing 

imagery is thus the most important data resources of GIS because it provides satellite imagery which 

that is used for the recognition of synoptic data on the earth‘s surface (White, 1983). It also provides a 

rich archive and spectral resolution satellite images. Remote sensing sensors such as the Landsat 

Multispectral Scanner (MSS), Thematic Mapper (TM) and Enhanced Thematic Mapper Plus (ETM+) 

data have been broadly employed in studies towards the determination of land use and cover since 

1972.This was also the starting year of Landsat program. These images have been used mainly in forest 

and agricultural areas management (FAO,1993).‖ 

 

Landsat images are processed with GIS to provide land use and land cover changes. One of the 

processes that they go through is called change detection.The aim of change detection process is to 

recognize LULC on digital images that change features of interest between two or more dates (Wittig et 

al., 2007). There are many techniques that have ben developed in literature that uses  post classification 

comparison, conventional image differentiation, using image ratio, image regression, and manual on-

screen digitization of change principal components analysis and multi date image classification (Esteve 

et al., 1998). A variety of studies have addressed that post-classification comparison was found to be the 

most accurate procedure and presented the advantage of indicating the nature of the changes (Larsson, 

2002). GIS provides a flexible environment for collecting, storing, displaying and analyzing digital data 

necessary for change detection (Chandle et al., 2009; Pekkarinen et al., 2000; Tucker et al., 2014).‖ 

 

GIS is can also be described as an integrated system of computer hardware and software that is capable 

of capturing, storing, retrieving, manipulating, analyzing and displaying geographically referenced  

information for the purpose of aiding development-oriented management and decision-making 

processes (Aboyade, 2001). Remote sensing and GIS have covered wide range of applications in the 
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fields of agriculture (Yeh and Li, 1998), environments (Fung and Ledrew, 1987), and integrated eco-

environment assessment (Long et al., 2008). Current remote sensing technology offers collection and 

analysis of data from ground-based, atmospheric, and Earth-orbiting platforms, with linkages to GPS 

data, GIS data layers and functions, and emerging modeling capabilities (Franklin, 2001). For 

applications at the global or continental levels, coarse spatial resolution images with pixel size from 250 

m to 1 km and more, large swath width and high revisiting period, such as Advanced Very High 

Resolution Radiometer (AVHHR), Satellite Pour l‘Observation de la Terre (SPOT), Medium Resolution 

Image Spectrometer (MERIS), and Moderate Imaging Spectrometer (MODIS) have been considered as 

the only sources of image data which regularly deliver information about large areas. However their 

coarse resolutions is mainly focused on the detection of broad scale land cover change patterns, hence 

they fail  to monitor changes like deforestation and land degradation which usually occurs on a smaller 

scale (Tziztiki et al., 2012).  

 

To overcome these limitations and acquire more detailed information of the Earth‘s land surface, 

medium resolution satellite images with pixel sizes of 30–80 m pixel such as Landsat TM and Landsat 

MSS are used as they have got greater spatial accuracy although they have lower revisit cycle. These 

sensors have been used for mapping and monitoring land cover and its changes (Tziztiki et al., 2012, 

Fung and Ledrew, 1987).  

 

Coarse-spatial resolution meteorological satellite data have been available since the 1960s and civilian 

remote sensing of the Earth‘s surface from space at medium spatial resolutions (250 m) only began in 

1972 with the launch of the first of a series of Earth Resource Satellites (Landsat). This was the 

initiation of significant research activity in remote sensing technology, data analysis and applications, 

which continue to present day. From 2000 there has been a proliferation of satellite platforms with a 

large number of sensors such as Terra and ENVISAT and increasing spatial resolutions such as 

IKONOS and Quickbird.Also in these years there has been an ever-expanding constellation of satellite 

platforms which have acquired thousands of trillions of bytes of data invaluable for planning and land 

management applications (Jensen, 2000). It has been estimated that approximately 100 new satellites 

will be launched during the 10-year period between 1996 and 2006 (Fritz, 1996). Furthermore, high-

resolution airborne data acquisition technology has developed rapidly in recent years. As a result, there 

is a large selection of remote sensing data of the Earth‘s surface with respect to spatial, spectral and 

temporal sampling.  
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Remote sensing technology has been driven by three interrelated factors which are the advancements in 

sensor technology and data quality,  improved and standardized remote sensing methods, and  research 

applications (the least developed of the three(Franklin, 2001). 

2.4 Types of Remote sensors 

2.4.1 Coarse-spatial resolution sensors  

Coarse-resolution image data (spatial resolution .250 m) fall outside of the minimum spatial resolution 

requirements outlined. Coarse-resolution data have been used for many years to acquire basic land-

cover and land-use information over large areas. Spatial resolution is the obvious limiting factor in these 

studies, especially when urban and suburban land-cover and land-use change is considered. For example 

( Stow and Chen , 2002) examined the sensitivity of anniversary-date multitemporal AVHRR1 data to 

map land-cover and land use change and found significant confusion between changed and unchanged 

areas, even with the application of a geometric mis-registration model. Recently (Zhan et al. 2002) 

described the monthly 250 m resolution Vegetative Cover Conversion (VCC) product generated from 

Moderate Resolution Imaging Spectroradiometer (MODIS) data.‖ 

2.4.2 Medium resolution sensors 

This type of sensor was created to offer proper scales of data for the different earth observation and 

applications. One such type of sensor is Landsat. Landsat was developed in 1972(Franklin, 2001) with 

the launch of the Landst Multi Spectral Scanner. This sensor provides data that has got a spartial 

resolution of about 80m.This data is acquired at four spectral bands.However its limiting factor is that it 

provides data that has got noise (Schowengerdt, 1997).This type of data regardless of this disadvage 

offers rearchers data that has been used at regional scales to come up with conclusive natural resources 

management options. 

 

The second launch of landsat occurred in 1984 with the launch of the Landsat Thematic Mapper. This 

sensor had a higher spectral resolution as well as the spartial and radiometric resolution. The spectral 

channels of this sensor were chosen to map vegetation as well as geologic features (Jensen, 2000). The 

Indian Space Research Organization (ISRO) has also added to the suite of medium resolution sensors. 

ISRO has launched four linear array sensors to date (IRS-1A, 1B, 1C and 1D). In general, the IRS 

sensors offer a combination of TM/ETMþ spectral resolution, with SPOT sensor spatial resolution. The 

IRS-1C and 1D (launched in 1995 and 1997, respectively) offer visible and near-infrared bands at 23 m 
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spatial resolution and a midinfrared band at 70 m spatial resolution. Moreover, these IRS sensors 

acquire panchromatic information at 5.8 m spatial resolution, which has significant implications for 

higher-order mapping capabilities.  The contribution of medium-resolution sensors is expected to 

continue long into the future (Franklin, 2001). Indeed, follow-on sensors have already been put in place. 

The Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER), an instrument on 

the Terra platform, acquires visible and near-infrared information at 15m spatial resolution and mid-

infrared information at 30 m spatial resolution. Further, the Earth Observer (EO-1) platform includes 

the linear array Advanced Land Imager (ALI) with 10 bands, ranging from the visible to mid-infrared 

regions of the electromagnetic spectrum at 30 m spatial resolution and a panchromatic band acquired at 

10 m spatial resolution (Jensen, 2000). 

2.4.3 High-spatial resolution sensors 

These type of sensors have got a great characteristic of offering   information on a visible and also a 

near infrared spartial resolution of 4m at 11 bit. They also show panchromatic information at 1metre 

spartial resolution (Jensen, 2001). The flexibility of this sensor implies that people do not have to rely 

on scheduled data but can acquire it data at specific times. Such is the valuability of this onboard sensor. 

The famous type of high resolution sensors are IKONOS-2 and Quickbird-2.IKONOS was launched in 

in 1999 and Quickbird in 2001. 

2.4.4 Hyperspectral sensor. 

 Imaging spectrometry for land use and land cover analysis has been the centre work of current research 

work (Treitz and Howarth, 1999). This type of data has shown a possibility for future use in terms of 

identifying phenomenas that cannot be currently detected with broadband systems (Herold et al., 

2002).Two types of hyperspectral sensors are available at the moment are Moderate Resolution Imaging 

Spectrometer known as MODIS .The other type of hyperspectral sensor is the Earth Observer Hyperion 

instrunment. Research work on this type of sensor is being undertaken to gain knowledge of this sensor 

in the natural environment (Rashed et al., 2001) 

2.4.5 Microwave sensors 

Radar technology has been on the market for 50 years. It is a type of an active microwave sensor. This 

type of technology has however not been extensively used in land cover and land use monitoring 

(Kasischke et al., 1997).This is so because there is lack of basic understanding of it use combined with 

the inadequate analysis method that are applicable to it. Despite this drawback a number of synthetic 
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radar systems have been developed together with the deployment of spaceborne systems like SIR-C/X-

SAR, ERS-1, ERS-2, JERS-1 and RADARSAT-1 (Jensen, 2000) 

2.4.6 APPLICATIONS   AND PROCESSES OF REMOTE SENSING  

Applications of remote sensing were aided by the hierarchical land cove classification that was 

developed by Anderson and his colleagues in 1976. This classification is now being used globally to 

describe the various land uses and land cover in remote sensing classification (Franklin et al., 2003). 

This has facilitated research to be carried out in determining changes in vegetation cover, wetland 

monitoring and making future predictions in various land use-change cover (Jensen, 2000). 

― 

Accurate per-pixel registration of multi-temporal remote sensing data is essential for change detection 

since the potential exists for registration errors to be interpreted as land-cover and land-use change, 

leading to an overestimation of actual change (Stow, 1999). It can also ensure the user that the change 

that is identified is accurate and not an artefact of an image processing procedure. Geometric 

registration is required to remove or reduce the effects of non-systematic or random distortions present 

in remote sensing data namely, variations in sensor system attitude and altitude, and these can only be 

accurately corrected by developing a model to tie per-pixel image features to specific per-pixel ground 

features such as ground control points (GCPs) where geographic coordinates are known (i.e. from an 

accurate reference map/image or GPS data, (Kardoulas et al., 1996).‖ 

 

Geometric registration error among two images can be articulated in terms of angood enough total root 

mean square error (RMSE), which represents a measure of deviation of corrected GCP coordinate 

values from the original reference GCPs used to develop the correction model. Robust and unbiased 

estimates of RMSE should be calculated using independent GCPs not used in model formation 

(Kardoulas et al., 1996). Tolerable RMSE value of ,0.5 pixels (Jensen, 2000) is recommended by quite a 

number of authors, however others have recommended acceptable RMSE values ranging from .0.2 

pixels to ,0.1 pixels, depending on the type of change being investigated (Townshend et al., 1992). 

 

Several methods have been developed to compensate for the effects of misregistration on image change 

detection. Justice et al. (1989) suggested pixel aggregation to a larger spatial resolution to assess 

change, thus changing the analysis to a larger minimum mapping unit (MMU), and reducing mis-

registration effects. Gong et al. (1992) used two image-filtering algorithms with some success in 

reducing mis-registration effects. Finally, Stow (1999) and Stow and Chen (2002) presented and tested 
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a new model on TM and AVHRR data that used estimates of misregistration across a scene (known as 

misregistration fields) combined with calculation of spatial brightness gradients to adjust the magnitude 

of multitemporal image differences. Their study demonstrated the effects of image resolution on the 

potential to compensate for misregistration error, as this error may be more significant in coarse 

resolution data. Improvements are needed in reporting the characteristics of geometric registration, 

including improved error analysis in both geometric accuracy and geometric uncertainty (Franklin, 

2001). 

 

Variations in solar illumination conditions, atmospheric scattering, atmospheric absorption and detector 

performance result in differences in radiance values unrelated to the reflectance of land cover. Absolute 

radiometric quantification is an expensive, time consuming and likely untenable goal for land-cover and 

land-use monitoring (Song et al., 2001). Therefore, the primary goal of most change detection studies is 

to achieve imageto- image normalization, so that spatial–temporal differences in image brightness or 

derivative values primarily convey information about changes in land cover and land use (Roberts et al., 

1998). The two most commonly used radiometric normalization techniques are Dark object subtraction 

(DOS) (Chavez, 1996) and relative radiometric normalization using pseudo-invariant features (PIFs) 

(Schott et al., 1988). Both approaches are based on the assumption that the atmospheric scattering 

component is consistent throughout the imagery (Carlotto, 1999).  

 

―Song et al. (2001) compared seven DOS algorithms and one PIF method with uncorrected ‗raw‘ 

multitemporal Landsat TM data and found that all corrections provided an improvement over the raw 

data. However, these atmospheric normalization algorithms are often unsuitable for removing spatially 

varying haze resulting from smoke plumes or smog in remote sensing data acquired over both natural 

and urban areas (Rogan et al., 2001). Carlotto (1999) presented a new method for reducing the effects of 

wavelength-dependent scattering in multispectral imagery, which is intended for use in situations, 

where atmospheric scattering affects visible wavelengths and varies across space. This method results in 

an image in which space-varying scattering has been equalized over the entire image so that previously 

developed techniques such as DOS for removing constant scattering effects can be used. Even when 

great care is taken to normalize satellite data for exogenous effects to allow image analysts to focus on 

change-related events revealed in the remote sensing data, intra-annual differences in climate, 

particularly precipitation, can cause significant differences in pixel brightness (Rogan et al., 2002). 

These seasonal effects often lead to errors in change detection products where estimates of land-cover 

abundance, composition and condition are required (Cihlar, 2000). Recently, Jakubauskas et al. (2002) 



21 
 

found Fourier harmonic analysis of a NOAA AVHRR NDVI biweekly composite time series data, 

useful for examining the interactions between landscape environmental factors and inter-annual 

variability of land-cover types in the southern Great Plains region of the United States.‖ 

 

Change enhancement applies to pre-classification enhancement only, as it is not required in post-

classification approaches. One of the most commonly applied change enhancements is ‗image 

subtraction‘. This involves calculating a change image based on the difference between corresponding 

image-channels from two dates. Change images are easily interpreted because their histograms are 

normally distributed (i.e. unchanged pixels fall along the center of the histogram, with change pixels 

falling to the left and right of the histogram, depending on the darkness and brightness of these areas, 

Jensen, 2000). The same procedure is often performed on enhanced imagery, such as vegetation indices 

(Singh, 1989). This approach can also be performed on a ratio-based or perpendicular index. 

 

―Principal components analysis (PCA) involves the orthogonalization of a multispectral and multi-date 

dataset based on components generated from an eigenvector-derived factor-loading matrix 

(Schowengerdt, 1997). The factor-loading matrix is based on a correlation matrix approach 

(standardized), or based on the variance-covariance matrix (non-standardized). Studies have shown that 

the choice of matrix can affect the statistical nature of the final components (Patterson and Yool, 1998). 

In general, when PCA is performed on a multi-date layer stack, the first component will be 

representative of the overall multi-date image variance (similar to an albedo image, Rogan and Yool, 

2001). Higher components such as PC2, PC3 will be representative of changes in image variance 

between the dates. These high-order components, therefore, are responsive to inter-date change and can 

be used to classify changes in a study area. PCA works well, and is widely used for this purpose 

(Lunetta and Elvidge, 1998). In addition, the process results in data reduction (i.e. a large data set is 

compressed into a limited number of components). A drawback of PCA, however, is that the technique 

is based only on the statistical properties of the data, and is therefore limited in its application to 

different times and different areas. In addition, the statistical nature of PCA determines that areas of 

high inter-date variance in the imagery tend to ‗drive‘ the eigenvector process, which can prove 

frustrating if those areas are not the change features of interest to the interpreter. Some of the drawbacks 

associated with PCA are easily overcome using the Multitemporal Kauth Thomas transformation 

(MKT). This index is based on the orthogonalization of a multiband, and multi-date dataset (Collins and 

Woodcock, 1996).‖ 
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For example, the MKT can produce six output features based on the transformation of a 12-band multi-

temporal Landsat TM dataset. These output features represent, stable brightness, stable greenness, 

stable wetness, change in brightness, change in greenness and change in wetness. The MKT has been 

used in several studies to date (Levien et al., 1999; Rogan et al., 2002), and appears to be a robust 

indicator of land-cover change. Unlike the PCA, MKT is not scene-dependent, and its use of stable and 

calibrated transformation coefficients ensures that its application is suitable between regions and across 

time. The fact that the MKT produces several sets of change features, rather than a single feature 

(Normalized Difference Vegetation Index (NDVI) is another attractive quality. Further, the MKT 

produces stable spectral components, which could be used in developing baseline spectral information 

for long-term studies (Rogan et al., 2003). 

 

Change vector analysis (Malila, 1980) involves the calculation of two change features magnitude of 

change, and direction of change based on a multitemporal dataset. Magnitude (quantity of inter-date 

change) is calculated based on the Euclidean distance of a bi-temporal (or multi-temporal) spectral 

vector. The direction image is calculated based on the angularity of the vector (Cohen and Fiorella, 

1998). Several methods exist for calculating the vector angle. Lambin and Strahler (1994) used PCA of 

a 12-date AVHRR dataset to calculate the angular distance of the multispectral vectors. Further, Cohen 

and Fiorella (1998) based their calculation on the Gramm-Schmidt orthogonal distance from a baseline. 

Both approaches produced physically meaningful magnitude and Composite analysis (CA) has been 

used often in change detection applications (Yuan and Elvidge, 1998). This approach involves 

compositing all desired bands into a multi-date layer stack (the layer stack may contain raw or enhanced 

image data).Supervised classification with the use of calibration data or unsupervised classification is 

selected and performed to get the preferred number of output classes. The basis of CA is that ‗change‘ 

classes are located in the whole set of existing classes (Cohen and Fiorella, 1998). However the 

disadvantage of this approach is that non-change classes can mask statistical variance of the change 

classes. It is highly recommended that a thresholding method be performed on the data, so that change 

and no-change pixels are located in the change imagery. Thresholds are regularly based on the number 

of standard deviations and the mean of the change image (Lunetta et al., 2002). Recent research has 

examined the selection of thresholds based on a sound statistical basis (Rogerson, 2002).‖ 

 

Image classification is done to both post-classification and pre-classification change detection 

approaches. It can be performed with either supervised or unsupervised approaches. Prior to supervised 

classification, calibration data must be sufficiently sampled from appropriate areas to account for the 
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spectral variability of each class in question. In unsupervised classification, an algorithm is chosen that 

will take a remotely sensed image data set and find a pre-specified number of statistical clusters in 

measurement space (Schowengerdt, 1997). Although these clusters must then be assigned to classes of 

land cover and land use, this method can be used without having prior knowledge of the ground cover in 

the study site. Supervised classification, however, does require prior knowledge of the ground cover in 

the study area and is, therefore, a more intuitive method for land-cover change mapping. With the 

supervised approach, calibration pixels are selected and associated statistics are generated for the 

classes of interest. Recent work by Chen and Stow (2002) compared the performance of three different 

calibration strategies for supervised classification (single pixel, seed, and polygon). The calibration set 

size, the image resolution, and the degree of autocorrelation inherent within each class influenced the 

performance of these strategies, and polygon-based calibration performed best in areas of heterogeneous 

land-cover type. The vast majority of land-cover and land-use monitoring approaches have used 

traditional image classification algorithms for example maximum likelihood, which assume that image 

data are normally distributed, the images are H-resolution2 and  pixels are composed entirely of a single 

land-cover or land-use type (Franklin et al., 2003).  

 

Conversely, L-resolution3 approaches have employed empirical models to estimate biophysical, 

demographic and socio-economic information (Rashed et al., 2001). Recently, researchers have 

investigated scenes using a combination of L- and Hresolution approaches (Roberts et al., 1998; Rogan 

et al., 2002). For example, spectral mixture analysis (SMA) can be used to estimate sub-pixel 

information about both natural and urban/suburban scenes (Phinn et al., 2002). Fuzzy sets approaches, 

where an observation can have degrees of membership in more than one class, have also shown promise 

(Foody, 1999). Machine learning classifiers such as decision trees and artificial neural networks have 

been used effectively in a variety of single-date land-cover mapping studies (Huang and Jensen, 1997; 

DeFries and Chan, 2000). In almost all cases, these classifiers have proven superior to conventional 

classifiers such as maximum likelihood, often recording overall accuracy 'improvements of 10–20%. 

The success of machine learning classifiers in resolving land cover and changes in land cover and land 

use for complex measurement spaces can be attributed to several factors. Machine learning is a 

combination of the objects within the classifiers is not constrained by parametric statistical assumptions. 

Hence, they are better suited for analyzing multi-modal, noisy, and/or missing data; and a combination 

of categorical and continuous ancillary data. However, few studies, to date, have examined the potential 

of this approach in a change detection context (Gopal and Woodcock, 1996; Abuelgasim et al., 1999; 

Rogan et al., 2002). 
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2.5 Land use change and water resources management 

Rapid socio-economic development drives land use changes, which include changes of land use classes 

for example the conversion of cropland to urban area due to urbanization or the conversion of forest to 

settlement and cultivation due to resettlement, as well as changes within classes such as a change of 

crops or crop rotations. In regions where water availability is limited, land use changes could result in 

an increase of water scarcity which will contribute to a deterioration of the living conditions of the 

general population (Stonestrom et al., 2009). DeFries and Eshleman(2004) underline the importance of 

understanding the impact of land use change on water resources, which they identify as a key research 

topic for the decades ahead as these changes have potentially large impacts on water resources.‖ 

 

The effect of land use changes especially on water availability have been studied in many regions of the 

world (Miller et al., 2002; Im et al., 2009; Li et al., 2009; Ghaffari et al., 2010). These effects have been 

studied in some of the following, Germany (Kl¨ocking and Haberlandt, 2002; Barthel et al., 2012), 

Canada (Wijesekara et al., 2012), Ethiopia (Legesse et al., 2003), and Kenya (Mango et al., 2011).  

 

Chauhan and Nayak (20050 reported that industrial development and population pressure in Hazira, 

Gujarat, India led to an increase of built up area and a decrease in forest and agricultural areas between 

1970 and 2002.  An increase of cropland and a decrease of grassland and shrubland in a study on a part 

of the Eastern Ghats in South India were also found (Jayakumar and Arockiasamy, 2003). Deforestation 

between 1973 and 1995 was reported in a study on the southern part of theWestern Ghats (Jha et al. 

2000). Similarly, a study about Indian Himalayan catchments found a decrease of natural forest and an 

increase of agricultural land (Sharma et al., 2007).‖ 

 

Impacts of land use change on the water resources in India were mainly assessed by using scenario 

analysis and it was found out that agricultural water interventions had a pronounced impact on water 

resources (Gharg et al., 2012). Mishra et al. (2007) analyzed the effects of land use on runoff and 

sediment yield to prioritize the construction of structural water management measures. Wilk and 

Hughes (2002) conducted a study in South India employing several land use scenarios, and found that 

only the extreme and very unlikely scenarios had a pronounced impact on runoff. The largest increases 

of runoff were found when converting forest and savanna to agriculture, whereas the largest decrease of 

runoff resulted from a conversion to forest in this study (Khan et al., 2011; Ramesh, 2001). 

 

A number of studies that have been conducted have found that land use activities significantly alter the 

hydrological response of a catchment especially deforestation and urbanization (Karvonen et al., 
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1999).This results were mostly conducted at experimental studies of catchments (Jackson et al., 2008). 

Runoff generation has become one of the hydrological consequences that has been studied on.It has 

been found to increase as economical development improves. The control of land use on rainstorm 

runoff production has been found to be complicated. Land use and soil cover up include an effect on 

interception, surface retention, evapotranspiration as well as resistance toward overland flow (Olivera 

and Maidment, 1999). Forests removal reduces infiltration, it also improves the condition of overland 

flow (Kuchment, 2008). Increase in runoff is thus due to land use change, particularly land clearing 

(Leblanc et al., 2008) thus unoff becomes mostly of the ―hortonian‖ type which is produced when 

rainfall intensity exceeds the soil infiltration capacity (Horton, 1933).Surface runoff thus occurs when 

the soil is unable to absorb rainwater and removes it through the processes of transpiration, infiltration, 

and sub-surface runoff. It thus depends on the synchronized action of factors classified as abiotic factors 

for example relief and geomorphological characteristics, parent rock and soil composition, and climate. 

The other factors are biotic factors for example vegetative cover of the slope, land use, anthropogenic 

factors. Vegetation cover represent one of the most dominant factors which influence runoff regime as 

since it modify and moderate numerous other factors. 
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CHAPTER 3 METHODOLOGY 

3.0 Site description 

3.1.1 LOCATION. 

Shashe resettlement scheme(30º29´E, 20º10´S) is situated in  ward 6 of Masvingo Rural District 

Council (MRDC) in Masvingo Province, close to Mashava business center in Masvingo. 

3.1 Climate. 

It is in Agro-ecological Region IV with an annual rainfall total ranging from 450 to 500 mm and an 

annual rainfall coefficient of variation of 19% (Vincent and Thomas, 1961). The distribution of 

effective rains in the summer season extending from November to March is poor and mid-season 

droughts are common. The region experiences high average monthly temperature of 38°C, high 

potential evapotranspiration rates of up to 1800mm per year (Mupangwa et al., 2006) The few heavy 

showers received during summer are often followed by high air and ground temperatures coupled with 

hot and desiccating south-easterly winds that sweep away the surface moisture.  

3.1.2 Vegetation and Land Use 

The block is an area of 15 020ha, resettled +/- 500 small holder farming families hence it is used for 

settlement. It is occupied by asbestos and gold mining activities and is also used for agriculture. 

3.1.2 Soils 

Most of the soils are from granitic rocks which give rise to Fersiallitic soils that are light to medium 

textured soils with high amounts of coarse sand (Nyampfene, 1991). They have low inherent fertility 

and low water holding capacities .They have a low cation exchange capacity and water retention due to 

low soil organic matter and clay contents (Chua et al., 1997; Nzuma and Murwira, 2000). 
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3.2 Determining the spatial and temporal land use changes of Shashe resettlement 

area from 1998 to 2014. 

3.2.1 Image acquisition 

Image selection was done in which Landsat images were downloaded at the following website 

www.landsatlook.usgs.gov. Landsat remote sensing data was used as the primary data source for 

derivation of generalized land cover information. Landsat satellites provide multispectral data from the 

early 1970s to the present. Given that the purpose of this project was to provide a general landscape 

characterization and change analysis instead of detailed vegetation and resource mapping, the spatial 

resolution of Landsat data was appropriate. Data availability and cost were also a consideration in the 

selection of this source of data (Ju and Roy, 2008). Images for the years 1998, 2006 and 2014 were 

collected for analysis. 

Table 3.2.1:  Landsat Image data sources. 

3.2.2 Image Classification 

 ArcGIS 10.1, was used for the classification and change detection of the landsat data for the 1998, 2006 

and 2014 images. The derived landsat images were converted into composite bands 3, 4, 5. The 

Zimbabwe ward shapefile for Masvingo area was used to clip, rectangularily the ward 4 Shashe image 

which was found in ward 803 with the aid of geospartial coordinates.  

Training sites of the chosen classes were selected using prior knowledge of the area and Google Earth. 

The training sites were distributed throughout the study area taking sub-classes of the main categories. 

The sub-classes include: dense, moderate and sparse forest, open and closed grassland, open and closed 

rangeland, open and closed mines, annual and perennial cropland and water body. Spectral signatures of 

individual land use/land cover classes were developed based on selected training sites that were merged. 

To conduct image classification and accuracy Rogan and Chen (2004) suggested that supervised 

classification methods are be intuitive for land cover change detection if the required prior information 

about the landscape is gained through personal knowledge of the study area, in addition to a 

combination of ground visits and aerial photography interpretation. The maximum likelihood 

   Type of sensor Path Row Date of acquisition Cloud cover 

Landsat 8 OLI(2013-present)    174   60       14/10/2014        0% 

Landsat 7 ETM +SLC off    174   60       12/09/2006        0% 

Landsat 4-5 TM(1982-2011)    174   60        30/10/ 2014        0% 
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classification is based on the probability density function that is associated with a particular training site 

signature. All pixels are assigned the label of the most likely category based on an evaluation of the 

subsequent probability that the pixel belongs to the class with the highest probability of membership 

(Atkinson and Lewis, 2000; Jensen, 2004). Although the maximum likelihood method assumes a 

normal distribution of the data, it is still considered as one of the most useful classifiers, as it does not 

always require large training data sets and its performance is comparable to other algorithms if the 

training sites are of good quality or limited size (Wu and Shao, 2002). It is a statistical table that uses 

Bayesian formula to allocate a pixel to classes with the highest probability(Tso and Mather,2009)From 

this classification six classes  were generated for the three images, 1998; 2006 and 2014 which 

according to Anderson(1976), are as follows, 

Table 3.1.2 Shashe Land use classes description. 

Land use  Description 

Water Water bodies 

Mining Active mining and mine dumps 

Forest Decidious forest land 

Cultivation Cropland 

Grassland Pasture  

Rangeland Shrub and brush rangeland 

3.2.3 Post Classification 

The overall classification accuracy for the three1998, 2006, 2014 maps were computed (Silva, 2006). In 

order to quantify the area extent (in hectares) of the resulting land use / land cover type for each study 

year and for subsequent comparison, calculation of the percentage and area coverage by each class was 

done by adding 2 fields in the ArcGIS attribute table of the classified images, that is the percentage 

covered by each land cover and its area.  The two equations which were used were defined as follows, 

([COUNT]/Sum of pixels)*100 and ([COUNT]/Sum of pixels)*(sum of pixels *900m2) for calculating 

percent cover and area respectively. 

3.3 Establishing the relationship between selected land use changes on Mavaire 

river discharge in Shashe resettlement area from 1998 to 2014.  

The Mavaire river in Shashe‘s streamflow data for the period 1998 to 2015 was collected from ZINWA, 

Masvingo. The climate data for Shashe area for the period 1998 to 2015 was collected from the 

Masvingo Meteorological station number 679750. Land use changes were determined by the researcher 
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using a spartial analyst called ArcGIS 10.1. A linear relationship between the relative change in land 

uses and the corresponding relative change in runoff was tested using linear regression. The strength of 

the prediction accuracy was then tested using the coefficient of determination (R
2) 

and the standard 

error. 
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CHAPTER FOUR RESULTS 

4.1 The spartial and temporal land use changes of Shashe resettlement area from 

1998  to 2014 

 

 Figure 4.1.1: 1998 Shashe classified map 
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Figure 4.1.2: 2006 Shashe classified map 
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Figure 4.1.3: 2014 Shashe classified map 
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Figure 4.1.4: A graphical presentation for the land uses for Shashe area in hectares from 1998 to 

2014  

From figure 4.1.4, it can be seen that the area extent of Shashe was 22542.3 hectares. Water for the 

period of 1998 had an area of 135.09 hectares, which increased to 726.6 hectares in the year 2006 and 

later decreased to 671.89 hectares in 2014 time period. Mining area in 1998 covered 3934.6 hectares 

and decreased to 2633.6 in the year 2006. It also decreased in the 2014 time period to 806.35 hectares.  

Forest area in the year of 1998 was 6626.5.This area extent decreased in 2006 to 4896.7 and also 

decreased in the year 2014 to 609.01 hectares. In the year 1998 forest area was 6626.5 hectares and in 

2006, that area decreased to 4896.7 hectares. For the year 2014 the area extent of forest further declined 

to 609.01 hectares.  

Cultivation area in the year 1998 was 2939.7 hectares, in 2006 it increased to 3817.2 and in the year 

2014 it increased also to 7211.3 hectares. Grassland area was 2289.4 in the year of 1998.This area 

increased to 3819.9 in 2006 and it decreased in the 2014 year to 2775.0 hectares. Rangeland area for the 

1998 period was 6616.8 hectares. This area increased in 2006 to 6648 and in the year 2014, it increased 

as well to 10468 hectares.  
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Table 4.1: Total percent area of land uses in Shashe resettlement area from 1998 to 2014. 

Land Use 

1998 

 Area (ha) 

    1998 

   Area 

(%) 

 

      2006  

Area (ha) 

  2006 

Area 

(%) 

2014 

Area(ha) 

  2014 

Area 

(%) 

Water 135.09 1 726.6 3 671.89 2 

Mining 3934.62 18 2633.61 12 806.35 4 

Forest 6626.52 29 4896.75 22 609.01 3 

Cultivation 2939.76 13 3817.29 17 7211.38 32 

Grassland 2289.42 34 3819.99 16 2775.01 12 

Rangeland 6616.89 29 6648.06 30 10468.66 47 

Total 22542.3 100 22542.3 100 22542.3 100 

 

Table 4.2: Percent area change of land uses in Shashe resettlement area from 1998 to 2015. 

Land Use 1998-2006 % area change 2006-2014 % area change 

Water -2 1 

Mining 6 8 

Forest 7 19 

Cultivation -4 -15 

Grassland 18 4 

Rangeland -1 -17 

 

From table 4.1 and 4.2 it can be seen that water constituted 1 %  area of  Shashe resettlement area in 

1998 and in 2006 it increased to 3% hence it  had a change 0f -2% from 1998 to 2006. In 2014 it 

decreased by 2% and the percent change from 2006 to 2014 was 1. Mining area in 1998 constituted 

18% of the total area in Shashe resettlement area. In 2006 it decreased to 12 % hence it had a % area 

change of 6 between 1998 and 2006. In the year 2014 it further declined to 45 and had a % area change 

of 8%.  

Forest area constituted 29% of the total area for Shashe resettlement area in 1998, this area reduced in 

2006 to 22%.Its % area change was 7% from 1998 t0 2006. In 20014, forest area decreased to 3% and 

the percent area change from 2006 to 2014 showed a decline of 19%. Cultivation area was 13% of the 

total Shashe resettlement area in 1998. It showed an increasing trend from 2006 and 2014 where in 
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2006 its area was 17% and 325 respectively. From 1998 to 2006 its percent area changewas-4 and from 

2006 to 2014 it was -5%. 

 Grassland area in 1998 was 34% and in 2006 it decreased to 16%. Its percent area change from 1998 to 

2006 was 18% and in 2014 it also decreased to 12% and the percent area change from 2006 to 2014 was 

4%. Rangeland area constituted 295 of the Shashe total area in 1998. This area increased to 30% for the 

year 2006 and the percent area change from 1998 to 2006 was -1%. In 2014, rangeland area increased to 

47% in Shashe resettlement area. The percent area change from 2006 to 2014 was -17%. 

4.2 Establishing the relationship between selected land use changes on Mavaire 

river discharge in Shashe resettlement area from 1998 to 2014. 

 

Figure 4. 2.1: Mavaire river streamflow (1998/99-2011/2012) 
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Figure 4.2.2: A detailed description of the relationship between runoff and mining. 

 

Figure 4.2.3: A detailed description of the relationship between runoff and forest 
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Figure 4.2.4: A detailed description of the relationship between runoff and cultivation

 

Figure 4.2.5: A detailed description of the relationship between runoff and rangeland 
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Figure 4.2.6: A detailed description of the relationship between runoff and rainfall. 

From the regression analysis that was done, there was a significant difference between the selected land 

uses and runoff characteristic of Mavaire stream. There was a strong negative correlatioship between 

mining and runoff from 1998 to 2015 which was at a slope of y = -0.146x+66713, as mining area was 

increasing runoff in Shashe was decreasing. Mining had a standard error of 18%, a coefficient of 

determination of 0.970 (figure4.2.2).  

As forest area was decreasing, runoff of Mavaire was increasing (figure 4.2.3) at a slope of y = 

0.077x+66669. Forest had a standard error of 52%, a coefficient of determination value of 0.930. There 

was also a strong negative correlationship between runoff and forest from this study between 1998 and 

2015. As cultivated area for Shashe was increasing an increase in runoff was also taking place (figure 

4.2.4) at a slope of y = 0.125x+65790. Cultivation had a standard error of 32%,a coefficient of 

determination value of 0.930.There also was a strong positive relationship between runoff and 

cultivation for Shashe resettlement area. For rangeland area as illustrated in figure 4.2.5, there was an 

increase in runoff at a slope of y = 0.119x+65433.Rangeland had a standard error of 54%, a coefficient 

of determination value of 0.786 thus there existed a strong positive relationship between runoff and 

rangeland for Shashe resettlement area. 
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                                                   CHAPTER FIVE DISCUSSION 

5.1 Spatial and temporal land use changes  

Water had a lower area of 1% in 1998 as compared to 2006 .This was as a result of an increase in water 

content after the year 2006 from the slime dams in Shashe . Water area decreased in 2006 (table 4.1) as 

a result of an increase in water content in from3% in 2006 to 2% in 2015 as a result of land degradation 

that has been taking place in Shashe caused by cultivation without mechanical works .The high increase 

in population in the communal area sector has resulted in land degradation hence dam siltation 

(Magadza, 1992). In Shashe population increase was as a result of resettlement that took place in 2004. 

Unfortunately, this increase in runoff does not mean an increase in surface water resources since the 

dams lose their storage capacity due to siltation (Elwell, 1983).  

Mining decreased in 1998 (table 4.1) as a result of the slime dams in the area. It further decreased to 4% 

in 2014 also as a result of the closure of Gathsmine which took place in 2011. In 1998 grassland had a 

lower area in hectares as compared to the 2006 area of 16% because it was mainly used for grazing land 

which was the main land use for that period.  

The grazing land area improved in 2006 by to 16% as a result of a decrease in the livestock units which 

was caused by resettlement in 2001. The newly resettled communities used the land mainly for 

cultivation purposes as compared to the previous 6 commercial farmers whose main use was for 

rangeland. In 2007 the Shashe community got donations of livestock units which were beyond the 

carrying capacity for Shashe area, this resulted in overgrazing hence there was a further 12% decrease 

in grassland area in 2006 as shown in table 4.1.  

Forest area percentage for Shashe area decreased by from 1998 to 2006 by 7% and also by 19% 

between 2006 and 2014. The decrease in 2006 was as a result of resettlement that took place in 2004 

which resulted in the conversion of forest land to settlement and cultivation. Cultivation area hence 

encroached on forest. Shashe community‘s households depend on natural wood for heating and cooking 

this further reduced the forest area (FAO, 2003; Cottler, 2014). Between 2006 and 2014 the decrease in 

forest area was as a result of the cutting down of trees which led to bare ground that was  exacerbated 

by overgrazing and a need to cut poles for cattle pens as more livestock units were introduced in 2007 in 

this area. In 2011 Gathsmine which was one of the sources of the communitie‘s livelihood was closed, 

this resulted in people looking for alternative means of survival such as cultivation .This also reduced 

the forest area of Shashe between 2006 and 2014 as shown in table 4.1 and 4.2. 
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 Cultivated land has been on the increased from 1998 to 2014 as shown in figure 4.1.3.In 2004 a 

relocation exercise was conducted in Shashe area, this resulted in 142 families being resettled in the 

area (Rio Tinto, 2001).Their main use of land was for cultivation purposes. This relocation exercise was 

the major cause of increase in cultivation area by 4%. Between 1998 and 2006 cultivation area 

increased by 16% as a result of  

Rangeland area increased between 1998 and 2006 2014 by Rangeland are areas in which indigenous 

vegetation is predominantly grasses, it consists of grass like plants, forbs or shrubs. This type of land 

use increased between 1998, 2006 and 2014 as a result of deforestation which occurred in 2001 caused 

by cultivation and settlement encroachment in forest land. The other causal factor was the increase in 

livestock unit for Shashe area in 2007; this also led to an increase in rangeland as forests were 

continually being degraded by this effect. Rangeland area  also increasing between 1998 to 2014 as a 

result of a decrease in mining areas which are  not compatible for cultivation hence there was an 

improvement in the vegetation cover although it was sparsely populated. 

5.2. Relationship between selected land uses and river discharge  

Studies that have been done in Tocantins River basin which is located in Brazil showed a 25% increase 

in river discharge between 1960 and 1995. This was coincident with expanding agriculture without any 

major change in precipitation (Costa et al., 2003). In Shashe no major change in precipipitation was 

experienced (figure 4.2.6). There was a strong relationship between the selected land uses and Mavaire 

river discharge 

It is known that as mining area increases it reduces water availability (Polard et al., 2001), this is 

because during mining, water will be pumped away from the shaft thereby reducing groundwater thus 

increasing infiltration for groundwater recharge. However for Shashe mining area decreased as a result 

of the closure of Gathsmine. This may have resulted in high runoff as ground water will have increased 

and the antecedent moisture reduced thus lower infiltration and high runoff. Gathsmine was used for 

asbestos mining. This cemented the soil surface hence may have resulted in low infiltration and high 

runoff. 

Cultivated area increased to cater for 142 families that were relocated in Shashe in 2004 (Rio Tinto, 

2001). This caused a reduction in forest land and cultivation practices that were now the major land uses 

in the area encroached in forest areas. The removal of forests reduces infiltration and increases overland 

flow (Kuchment, 2008) hence a positive increase in runoff was noted   (figure 4). This was  linked to 

the partial removal of vegetation cover which decreased the interception potential of forests hence  an 
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increase in  soil crusting as a result of a lower interception due to  increased kinetic energy of raindrops, 

causing a reduction in soil water holding capacity thus runoff was produced when rainfall intensity 

exceeds the soil infiltration capacity (Horton, 1933).  Also forests generally have lower surface albedo, 

higher surface aerodynamic roughness, higher leaf surface area and deeper roots than other types of 

vegetation, with each characteristic tending to contribute towards an increase in runoff, as the reduction 

of forest cover can increase runoff (Calder, 2007). 

An increase in cultivation land as an alternative livelihood source was noted between 2006 and 2014 

prior to 2006. The main livelihood was mining and after the closure of Gathsmine in 2011 employees 

were forced into subsistence farming to compensate for the lost income. This increase in cultivation 

land is also characterized by an increase in runoff for Shashe of (figure 4.3). The other reason for 

increased runoff was lack of mechanic conservation practices in the lands converted for cultivation. And 

the use of conventional tillage which is animal drawn with a tendency to form a subsurface crust at 

plough depth as a result of cultivation at same depth over a long time. This impedes infiltration and 

increase runoff by altering soil hydraulic properties and soil surface roughness (Larson, 1964). 

Infiltration is increased due to increased soil porosity and breaking up of surface crusts. Tillage 

operations have been reported to increase the infiltration capacity by 1 to 50 mm h-1 on crusted soils 

(Larson, 1964). 

 

Despite an increase in rangeland, runoff in Shashe was also increasing. This was because the rangeland 

in Shashe resettlement area was composed of mainly poor quality plant cover with low plant height and 

less leaf area and also sparsely populated vegetation cover. These characteristics contributed to the 

lower interception potential of this land use, which resulted in an increase in the kinetic energy of 

raindrops. Also given the climatic characteristics of the semi arid regions, plant cover, especially the 

crops grown are of poor stamina, hence there is less potential interception in these areas resulting in 

increased raindrop impact on ground surface, compacting it and reducing the infiltration rates for the 

area. This causes an increase in compaction and a decrease in infiltration rates hence hortonian 

overlandflow was enhanced. Livestock units for Shashe area also increased in 2007, this led to a 

degradation of forest areas and increased the rangeland area. The trampling activity by animals in these 

rangelands reduces infiltration as they alter the bulk density by reducing aggregation thereby reducing 

porosity of soils, water will not be evenly distributed hence a decrease in infiltration but will be 

channelized causing an increase in runoff .These factors may have contributed to an increase in runoff . 
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CHAPTER SIX CONCLUSION AND RECOMMENDATION 

6.1 Conclusion 

 There was a significant change in the spatial and temporal distribution of the different land uses for 

Shashe resettlement area from 1998 to 2015. The percent area for water was 1%, 3% and 2% for 1998, 

2006 and 2014 respectively. Mining percent area was decreasing and was 18%, 12% and 4% 

respectively. A decrease in forest area was also noted. It was 29%, 22% and 3% for 1998, 2006 and 

2014 respectively. Grassland percent area was 34%, 16% and 12%. Cultivation percent area was 13%, 

17% and 32%. Rangeland was 29%, 30% and 47%. 

A strong relationship between the selected land uses on Mavaire river discharge existed. The standard 

errors for the selected land uses were (mining 18%; forest 52%; cultivation 32% and rangeland 54%).  

6.2 Recommendation 

The results from this research are particularly relevant for Shashe resettlement block in formulating, 

implementing and monitoring strategies for sustainable development such as  

 Farmer training programmes on conservation agriculture. 

  Promoting the use of biofuels to reduce deforestration 

 The monitoring of the cutting down of trees with the help of the Environmental Management 

Agency. 

 Chiefs, headmen with the help of the Ministry of Agriculture should designate properly 

managed paddocks to control overgrazing. 

  The government and eminent domains should ensure that negative effects of resettlements are 

given due consideration in the planning procedure to avoid environmental consequences. 

 Conducting research on future land use change effects on dam sedimentation of Mavaire river
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