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Abstract 

Peri-urban land cover change in developing countries is taking place at a rapid 

rate following an increase in population in urban areas. This paper assessed 

land cover changes in peri-urban areas in developing countries. It specifically 

focuses to determine land cover changes which have occurred between 2003 and 

2016 and exploring causes of land cover change in Songea peri-urban areas. 

The study applied a mixed research design as it involved quantitative and 

qualitative approaches. 132 heads of households were randomly selected and 

used in the study as a sample. Data were collected using questionnaires and 

interviews. Arc-Map 10.1 was used to analyse Google earth downloaded images 

of 2003 and 2016. Other data were analysed using SPSS version 20 based on 

descriptive analysis and content analysis was used for collecting qualitative 

data. Findings revealed that land cover changed from farm, grassland, and 

swamp into the built-up area following population increase in Ruhuwiko.  The 

built-up area increased from 31% to 61 % while the cultivated area decreased 

from 31% in 2003 to 15% in 2016. 82% of the respondents pointed out that 

population increase in peri-urban areas were the main cause of land cover 

change. The study concluded that peri-urban land cover is changing toward 

built up areas and population increase is the main cause for peri-urban land 

cover change unlike climate change and infrastructural development. The study 

recommends enforcing urban planning regulation to avoid unplanned 

settlements.     

 

Keywords:  Land cover, land cover change, land cover detection, Songea 

Municipality 

 

1.0 INTRODUCTION 

Peri-urban land cover change in developing countries is taking place at a rapid 

rate following an increase of population in urban areas (Winkler et al., 2021). 

Land cover change has been taking place since human being discovered fire and 

gained momentum when the establishment of permanent settlements came into 

practice (Feurden et al., 2020; Wang et al., 2020a, Wang et al., 2020b). The rate 

of changing land cover increased as the number of people increased and so does 

to technological advancement (Ochola, Nyamai, and Owuor, 2019; Minale, 

2013; Winkler et al., 2021). Human needs such as food (Wang et al., 2015), 

shelter, transport, and raw materials to mention a few pushed changes in land 
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cover following the clearance of the existing vegetation by introducing farming 

areas, road routes, and settlements. Peri-urban areas, especially in developing 

countries, play the role of accommodating most urban dwellers who cannot 

afford cost of living in the central part of the urban area. Peri-urban is the area is 

considered to be a transition area where transformation of land use/cover 

manifests (Mortoja et al., 2020). Normally these areas are found in suburban 

areas where agriculture economy is dominant. Built up land use is mostly 

favoured at the expenses of agriculture, bush land, forests, and wetlands.  

 

Globally land cover change continues to take place.  Land reclamation done in 

the Netherlands is a good example of land use/cover change whereby portions of 

sea and lakes filled up with soil whereby land for urban expansion (settlement 

and commercial centres), recreation, and agriculture was obtained. More than 

1650 km2 of the new land portion was obtained after the reclamation of the 

Zuiderzee, Beemster and Haarlem lakes (Hoeksema, 2006 & 2007). The 

situation of land cover change in peri-urban areas is quite different between 

developed countries and developing countries. The difference is manipulated in 

terms of direction and magnitude, causes, and impact. Factors such as level of 

technology, government priorities, and migration (Abhishek, Jenamani & 

Mahanty, 2017) have also been enlisted among causes of land cover change 

particularly in developing countries.   

 

Land use cover change in African countries reported in many countries. 

Urbanization, population increase, construction of infrastructure and agricultural 

improvement influence land cover change in peri-urban. Rawat & Manish 

(2015) in Welde and Gebremariam (2017) reveal impact of land cover change 

occurring peri-urban areas of Ethiopia particularly adjacent Tekeze dam. Again, 

a study done in Kenya highlighted that 97.5% among factors that encourage 

transformation of peri-urban area associates with land use/cover change 

(Mwangi et al., 2016).  Built up areas increases in many per-urban areas of mega 

cities, municipal and towns in African countries at the expenses of agriculture 

land (Follmann et al., 2021), urban forest (Belay et al., 2014; Kukkonen & 

Kayhko, 2014), urban wetlands (Welde & Gebremariam, 2017; Ntongani, 2014) 

and shrubs and grasslands (Midekisa et al., 2017; Bullock et al., 2021). About 

18,154,000 ha have changed its land cover in the period of three decades since 

1998 to 2017 in cumulative of areas in Ethiopia, Malawi, Uganda, Zambia, 

Rwanda, Kenya and Tanzania (Bullock et al., 2021). Provided data indicate that 

peri urban areas in African countries including East African are in dynamic state 

of cover change to build up areas. 

 

In Tanzania, the National land use policy of 1997 mentioned urbanization, and 

population growth being among factors affecting land use cover change in the 

country (United Republic of Tanzania [URT], 1997). Further, the demand for 

land for settlement is quite large (Aribigbola, 2007; World Bank, 2012).  

Referring to the Tanzanian census report of 2012, World Bank estimates that 
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more than 38 percent (approximately 28 million) will be living in urban areas by 

2030 of the total population in the country (World Bank, 2012). Such estimation 

highlights an increase in land cover change in peri-urban areas where most 

people might focus on them establishing their settlements. 

 

Songea urban is growing at a rate of 2.5% per annum (Songea Municipal profile, 

2010). The Census report of 2022 confirms an increased population as a result 

there was an expansion of urban areas through the extension of municipal 

boundaries (URT, 2013). This made Songea municipality increase the number of 

wards from 17 wards in 2002 to 21 wards in 2012. Kironde (1995) critically 

pointed out that peri-urban areas of small and large towns are ingested up to 

enlarge the boundaries of urban areas. Four wards that were not part of Songea 

municipality before 2012 were Tanga, Lilambo, Mwengemshindo, and Mletele. 

These wards depended on agriculture as the main economic activity. After being 

included as part of Songea municipality slowly change from depending on 

agriculture activities to different activities for their economy. Many people 

purchased land portions and developed them in wards located in the periphery of 

Songea municipality including Ruhuwiko because cost is low (Haule, 2014). It 

is, therefore, this paper focuses to assess land cover change in Ruhuwiko ward as 

part of peri-urban area of Songea municipality. It specifically focuses to examine 

land cover change that occurred between 2003 and 2016 and explaining the 

causes of land cover change.   

 

2.0 METHODOLOGY 

The study was conducted in Songea municipality specifically Ruhuwiko ward. 

The ward is located on the western side of Songea municipality headquarters. It 

is one among peri-urban area wards where mixed economy of agriculture and 

trade activities is being performed. Being located in peri-urban areas, the ward 

experiences an increase in population which enhances changes in land cover. 

Figure 1 indicates the position of Ruhuwiko ward in Songea municipality.  The 

study used google earth images of 2003 and 2016 to detect land use-cover 

change and a sample of 132 from households in Ruhuwiko ward involved in 

filling questionnaires. In the process of analyzing data, the two images were 

analyzed using ArcGIS whereas supervised classification was used to identify 

land use-covers. On the other hand, questionnaires' collected data were analysed 

by using descriptive statistics where frequency and percentage were involved 

and content analysis was used for qualitative data. Finding of the study were 

presented by using tables, maps, pie charts and narration text.   
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Figure 1: Songea Municipal Map of the study area 

Source: Modified from National Bureau of Statistics 2012 

 

3.0 FINDINGS AND DISCUSSION  

3.1 Change in Land use/land cover between 2003 and 2016 

Supervised classification through ArcMap 10.1 indicated that Ruhuwiko ward 

had several land covers including swampy, built-up area, cultivated area, and 

bushland which changed over time. Table 1 shows the distribution of land cover 

into four classes in 2003 and 2016 with a total of 1339.41 hectares. A cultivated 

area dominated in Ruhuwiko ward whereby 35% of the land was used for 

cultivation, this was followed by built-up area which covered 30.8%, swamp 

19.1%, and bushland 15. 1%. This implied that in 2003 Ruhuwiko ward was part 

of Songea municipality peri-urban area where urban agriculture was dominant. 

Figure 2 shows the land cover in Ruhuwiko for the years 2003 and 2016.   
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Table 1: Land Cover of Ruhuwiko in 2003 and 2016  

2003 2016 

Land cover Area ha Percentages  

Swampy area 256.36 19.1 

Built-up area 412.33 30.8 

Cultivated land 468.94 35 

Bushland 201.78 15.1 

Total 1339.41 100 
 

Land cover Area (ha) Percentages  

Swampy area 249.17 18.6 

Built-up area 812.32 60.7 

Cultivated land 200.07 14.9 

Bushland 77.85 5.8 

Total  1339.41 100 
 

Source: Analysis by ArcMap, 2022 

 

 

 

Figure 2: Land Cover of Ruhuwiko in 2003 and 2016 

Source: Analysis by ArcMap 10.1, 2022 

 

In 2016, supervised classification by ArcMap 10.1 detected a change of land 

cover from grassland, cultivated land, bushland, and swampy to built up between 

2003 and 2016 (Figure 2; Table 1). Built-up area increased by 29.9% from 

30.8% to 60.7% which is more than half of the total land of Ruhuwiko ward 

swampy area follows having 18.6%, cultivated land 14.9%, and bushland was 

5.8% (Table 1). This finding reveals that Ruhuwiko ward is under 

transformation. Peri-urbanization drives land cover change in Ruhuwiko ward. 

This situation has affected community livelihoods in both positive and negative 

ways. Further, an increase in built-up area in the study area caused an increase in 

land value as an asset as result many residents sold their land plots/portions to 

migrants and moved outwards.  

 

Table 2 shows differences between land cover between 2003 and 2016 indicating 

that only built-up area got a positive value of 399.99 ha which implies it had 

increased from 30.8% to 60.7%. Swampy slightly decreased from 19.1% to 18.6 

which is equal to -7.19 ha, cultivated area decreased to 14.9% from 35% in 2003 

and bushland decreased tremendously from 15.1% in 2003 to 5.8% in 2015.  
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Table 2: Land Cover Change in Ruhuwiko ward between 2003 and 2016  
2003 2016 Land-use Change (t2- t1) 

Land Cover/use Area (ha) Area 

% 

Area 

(ha) 

Area 

% 

Area (ha) % change 

Swampy area 256.36 19.1 249.17 18.6 -7.19 2.8 

Built-up area 412.33 30.8 812.32 60.7 399.99 97 

Cultivated land 468.94 35 200.07 14.9 -268.87 57 

Bushlands 201.78 15.1 77.85 5.8 -123.93 61 

Total 1339.41 100 1339.4 100    

Source: Analysis by ArcMap 10.1 (2022)  
 

Land cover change revealed that cultivated land, swamp (waterlogged), and 

bushland had decreased following the increase in built-up areas. Bushland 

decreased following their clearance to acquire land for building, and laying 

bricks and trees were cut down for burning bricks. A decrease in the swampy 

area was associated with the increase in built-up area and horticultural activities. 

The result of this study concurs with Dekolo (2015) who found that in Ikorodu a 

metropolitan area of Lagos there was consistent loss of forest and agricultural 

land with the increase of built-up area.   
 

Findings from questionnaire conform to findings of land cover change from GIS 

as they indicate that built-up area had increased. 67.3% of respondents changed 

their plots of land from farms, bush land, and swamps into the built-up area and 

32.7% did not change the land cover of their plots. 47.3% of land portion 

changed to the built-up area for family houses, 10% for renting, 8.2% shops, 

0.9% building for keeping cattle, and 15.4% did not change while 18.2% did not 

own land portions between 2003 and 2016.  
 

The result of this study supports what Masanja (2003) pointed out that rapid 

growing urban population is the central driving force for land cover change as it 

gives rise to two major constraints namely housing to accommodate the growing 

population and improving the existing environment. This implies that buildings 

dominated the process of changing land cover over time in Ruhuwiko. 

Construction of commercial/residential buildings is noted to provide higher 

returns compared to agriculture. 
 

3.2 Causes of land cover change in peri-urban areas 

Table 3 indicates that 89.1% of respondents regarded the increase in population 

in the study area as being responsible for land cover change while 10.9% of 

respondents opposed it. 70% of respondents denied that construction of 

infrastructure was one of the causes of land cover change while 30% accepted it, 

76.4% of respondents said that construction of social services centres was not a 

cause of land cover change and 23.6% of respondents said it was a cause of land 

cover change. Concerning climate change as one of the factors for land cover 

change found that only 27. 2% accepted it and 76.8% said no. Table 3 indicates 

questionnaire responses on causes of land cover change.  
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Table 3: Causes of land cover change  
Frequency   Percentage 

 

Causes Yes No Yes No Total 

Population 117 15 89.1 10.9 100 

Infrastructure 40 92 30 70 100 

Social services 37 95 23.6 76.4 100 

Climate change 36 96 27.2 72.8 100 

Source: Field Data, 2022 

 

The findings presented in Table 3 revealed that land cover change of Ruhuwiko 

ward, in general, depended much on the increase of population as peri-urban 

residents struggled to earn their livelihoods. The results of this study support 

what Jelili (2012); Lambin et al. (2001) and Maro (2010) pointed out that the 

population has been increasing at a different rate for different regions. This 

implies that the population increase in Ruhuwiko ward highly facilitated land 

cover change to occur. However, infrastructure and social services had a very 

low contribution as there were only two tarmac roads, three primary schools, and 

2 secondary schools.  Figure 3 presents the causes of land cover change in a 

study area.  

 

On the other hand, it was  revealed that the population increase in the study area 

was caused by the immigration of people from various places in Ruvuma region 

and  outside Ruvuma region; 29.1 % of respondents came from Mbinga District, 

14.5% of respondents came from Songea District, 22.7% of respondents were 

natives of Songea Municipal, 5.5% of respondents came from  Namtumbo 

District and 2.7% from Tunduru District while 25.5% of respondents came from 

outside Ruvuma region such as  Dar es salaam, Mbeya, Iringa, Mtwara and 

Tabora. Figure 4 indicates the places of birth of respondents. This is supported 

by Jelili (2012) and Lawi (2013) who found that urban population growth results 

from uncontrolled rural-urban migration.  

Figure 3: Birth Places of Head of Households in Ruhuwiko 

Source: Field data, 2022 
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The rate of land cover change into built-up area increased with the increase in 

the human population. For example, the population of Ruhuwiko was 2583 in 

2002 and 3565 in 2013 (URT, 2011; 2013), and 6732 people in 2016 according 

to the village executive officer of Ruhuwiko.  The built-up area covered 30.8% 

in 2003 and 60.7% in 2016 in the study area. Swampy area, cultivated land, and 

bushland decreased from 19.1%, 35%, and 15.1% to 18.6%, 14.9%, and 5.8% 

respectively.  

 

On the other hand, peri-urban areas showed an increase in population densities 

over time which contributed to land cover change.  Following the increase in the 

number of people, some wards had to be divided to form new two wards. For 

example, in 2002 Mwengemshindo ward was a part of Ruhuwiko ward with a 

population density of about 125 – 160 people per kilometre. In 2012, 

Mwengemshindo became a separate ward with about 93 – 126 population 

density and Ruhuwiko ward had 408 people per kilometre square. Also, parts of 

Songea rural areas had been transferred to Songea municipality. For instance, 

Lilambo, Ndilima-Litembo and Tanga wards were parts of Songea rural district 

council in 2002 had been transferred to Songea municipality hence became peri-

urban area (Figure 5). This is supported by Masanja, (2003) and Kironde, (1995) 

who maintained that the urban population grows and towns expand outwards, 

hence rapid growing urban population is the central driving force for peri-urban 

land cover change. This is supported by Brovkin, et al (2012) and Jelili, (2012) 

claimed that about one-third to one-half of the land surface has been modified by 

humans and the extent is likely to increase in the future to accommodate a 

growing demand for land.   

Figure 4: Population Density of Songea in 2002 and 2012 

Source: NBS census 2002 and 2012 shape files 

 

 



The African Resources Development Journal, Vol 7, No. 1, December 2023:34-44 

Peri-Urban Land Use/Cover Change in Songea Municipality, Tanzania 

Bernard Baraka Komba 

42 

4.0 CONCLUSION AND RECOMMENDATIONS  

Peri-urban land cover change in developing countries is taking place at a rapid 

rate following an increase of population in urban areas. The finding of the study 

revealed that land cover in peri-urban areas transforms very rapidly. It changes 

to the built-up area at the expense of bush lands, agricultural areas, and swampy 

areas.  These changes in land covers are highly connected to the increase of 

population through immigration to peri-urban areas. Other factors such as 

climate change and construction of infrastructures have insignificance 

contribution to the occurrence of land cover change in peri-urban areas. The 

study recommends that there should be enforcement of urban planning laws to 

avoid development of unplanned sub-urban area. The impact of peri-urban land 

cover change on natural resources management is recommended for further 

research.  

 

REFERENCES 

Abhishek, N. Jenamman, M. & Mahanty, B. (2017) Urban Growth in Indian 

Cities: Are the Driving Forces Really Changing? Habitat International. 69 

(2017) pp 48-57, Elsevier Ltd.  

Aribigbola, A. (2007) Urban Land Use Planning, Policies and Management in 

Sub Saharan Africa Countries: Empirical Evidence from Akure, Nigeria, 

Ondo State. Fourth Urban Research Symposium. Department of 

Geography and Planning Science. Ajasin University. 

Belay K. T., Van Rompaey A., Poesen J., Van Bruyssel S., Deckers J, & Amare 

K. (2014) Spatial Analysis of Land Cover Changes in Eastern Tigray 

(Ethiopia) From 1965 To  2007: Are There Signs of a Forest Transition? 

Land Degrad. Develop. (2014) DOI:10.1002/ldr.2275   

Brovkin, V. et al (2013) Effects of Anthropogenic Land-Use and Land –Cover 

Changes on Climate and Land Carbon Storage in CMIP5 Projection for 

the Twenty–First Century. Journal of Climate. September 2013. Pp 6859- 

6881. American Meteorological Society. 

Bullock, E.L., Healey, S.P., Yang, Z., Oduor, P., Gorelick, N., Omondi, S., 

Ouko, E., Cohen, W.B. (2021) Three Decades of Land Cover Change in 

East Africa. Land 2021, 10, 150.  https://doi.org/10.3390/land10020150  

Dekolo, S. O (2015) Monitoring Peri-urban Land Use Change with Multi-

temporal Landsat Imagery. Conference Paper, May 2015. Doi: 

10.1201/b14914-18 retrieved on 15th April 2017. 

Feurden, A., Vanniere, B., Finsinger, W., Waren, D., Connor, S.C., Forest, M. 

… Hickler, T. (2020) Fire Hazard Modullation by Long-term Dynamics in 

Land Cover and Dominant Forest Type in Eastern and Central European, 

Biogeosciences, 17, 1213–1230, 2020 https://doi.org/10.5194/bg-17-1213-

2020 

Follmann, A., Willkomm, M. & Dannenberg (2021) As City Grows, What 

Farmers Do? A Systematic Review of urban and Peri-Urban Agriculture 

Under Rapid Growth Across the Global South. Landscape and Urban 



The African Resources Development Journal, Vol 7, No. 1, December 2023:34-44 

Peri-Urban Land Use/Cover Change in Songea Municipality, Tanzania 

Bernard Baraka Komba 

43 

Planning. 2015(2021) 104186. 

https://doi.org/10.1016/j.landurbplan.2021.104186  

Haule, M. J. (2014) Changes in Human Population Characteristics and 

Environment Change in West Matogoro Catchment Area of Songea. 

Tanzania. Natural Resource. Vol. 5 pp 746 - 760  

Hoeksema, R. (2006) Designed for Dry Feet: Flood Protection and Land 

Reclamation in the Netherlands. Virginia, USA. American Society of 

Civil Engineers. 

Hoeksema, R. (2007) Three Stages in the History of Land Reclamation in 

Netherlands. Irrigation and Reclamation. 56: S113 – S126 (2007). Willey 

Interscience.  DOI: 10.1002/ird.340  

Jelili, O. (2012) Urbanization and Future of Cities in Africa: The Emerging Fact 

and Challenges to Planners. Global Journal of Human Social Science. 

Volume 12 issue 7 version 1.0 April 2012, USA Global Journal Ink. 

Kironde, J.M.L. (1995) Access to Land by the Urban Poor in Tanzania: Some 

Findings from Dar es salaam. Environmental and Urbanization. Volume 7 

No. 1 April 1995 pp 77 – 96 

Kukkonen, M. & Kayhko, N. (2014) Spatio-temporal analysis of forest changes 

in contrasting land use regimes of Zanzibar, Tanzania. Applied Geography 

55 (2014) 193e202. http://dx.doi.org/10.1016/j.apgeog.2014.09.013  

Lambin, E.F., Turner, B.L., Geist, H.J., Agbola, S.B., Angelsen, A., Bruce, 

J.W., Coomes, O.T., Dirzo, R., Fischer, G., Folke, C., George, P.S., 

Homewood, K., Imbernon, J., Leemans, R., Li, X., Moran, E. F., 

Mortimore, M., Ramakrishnan, P.S., Richards, J.F., Skånes, H., Steffen, 

W., Stone, G.D., Svedin, U., Veldkamp, T.A., Vogel, C., Xu, J. (2001) 

The causes of Land – Use and Land – Cover Change Moving Beyond the 

Myths. Global Environmental Change. Volume 11 Issues 4. pp 261 - 269 

Lawi, J. (2013) The Rapid Growth of Towns and Migration in Tanzania: A Case 

 Study of Babati Town. International Journal of Business, Humanities 

and Technology. Volume 3 No. 7 September 2013, Mbeya,  

Maro, P. (2011) Environmental Change in Lesotho: An Analysis of the Causes 

and Consequences of Land-Use Change in the Lowland Region. New 

York, Springer. 

Masanja, A. L (2003) Drivers of Land Use Change in Peri-urban-Urban Areas of 

Dar es Salaam City, Tanzania. A Paper Prepared for Presentation at the 

Open Meeting of the Global Environmental Chang Research Community, 

Montreal, Canada 16-18 October 2003. 

Midekisa A, Holl F, Savory DJ, Andrade-Pacheco R, Gething PW, Bennett A, et 

al. (2017) Mapping Land Cover Change Over Continental Africa Using 

Landsat and Google Earth Engine Cloud Computing. PLoS ONE 12(9): 

e0184926. https://doi.org/10.1371/journal.pone.0184926  

Mortoja, G., Yigitcanlar, M.D., Tan & Mayere, S.  (2020) What is the Suitable 

Methodological Approach to Demarcate Peri-Urban Areas? A systematic 

Review of the Literature.  [thesis] Queensland University of Technology: 

https://eprints.qut.edu.au/198315/ 



The African Resources Development Journal, Vol 7, No. 1, December 2023:34-44 

Peri-Urban Land Use/Cover Change in Songea Municipality, Tanzania 

Bernard Baraka Komba 

44 

Mwangi, H.M., Julich, S., Patil, S.D., McDonald, M. A, & Feger, K. (2016) 

Relative Contribution of Land Use Change and Climate Variability on 

discharge of Upper Mara River, Kenya. Journal of Hydrology: Regional 

Studies 5 (2016) 244 -260. http://dx.doi.org/10.1016/j.ejrh.2015.12.059  

Ntongani, W.A., Munishi, P., More, S. and Kashaigili, J. (2014) Local 

Knowledge on the Influence of Land Use/Cover Changes and 

Conservation Threats on Avian Community in the Kilombero Wetlands, 

Tanzania. Open Journal of Ecology, 4, 723-731. 

doi: 10.4236/oje.2014.412062. 

Ochola, G.O, Owour, J.B.O &Nyamai D.O (2019) How University 

Establishment Influence  Land Use and Land Cover Changes in Kenya: 

A Case of Rongo University, Migori County Kenya. International 

Journal of Environmental Science & Natural Resources.  21(5) pp 00179 

– 0195. Doi 10.19080/IJESNR.2019.21.556075    

URT, (1997) National Land Policy 2nd ed. Dar es Salaam, Ministry of Lands 

and  Human Settlements Development  

URT, (2013) 2012 Population and Housing Census: Population Distribution by 

Administrative area. National Bureau of Statistics, Ministry of Finance 

Dar es salaam and Office of Chief Government Statistician, Finance, 

Economy and Development Planning Zanzibar.   

Wang J.A., Sulla-Menashe, D., Woodcock, C.E., Sonnentag, O., Keeling, R. F. 

& Fried. M.A  (2022) Extensive Land Cover Change Across Arctic-

Boreal North-western North America from Disturbance and Climate 

Forcing.  doi:10.1111/GCB.14804   

Wang, J.A., Randerson, T. J., Goulden, M. L., Knight, C. A., & Battles, J. J. 

(2022) Losses of  Tree Cover in California Driven by Increasing Fire 

Disturbance and Climate Stress.  Advances, 3, e2021AV000654. 

https://doi. org/10.1029/2021AV000654 

Welde, K. & Gebremariam, B.  (2017) Effect of Land Use Land Cover 

Dynamics on Hydrological Response of Watershed: Case Study of Tekeze 

Dam Watershed, Northern Ethiopia. International Soil and Water 

Conservation Research. 5 (2017) 1-16 

http://dx.doi.org/10.1016/j.iswcr.2017.03.002  

Winkler, K., Fuchs, R., Rounsevell, M. & Herold, M. (2021) Global land use 

changes are four  times greater than previously estimated. Nature 

Communication. https://doi.org/10.1038/s41467-021-22702-2  

World Bank (2012) Financing the Urban Expansion in Tanzania: Urban 

Development Series Paper, January 2012, No 1. Washington DC, World 

Bank. 

 

 

 

 


