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Abstract: Cities that are being built worldwide. This is a major driving force for the Land Use/ 

Land Cover Changes that is plaguing our world insidiously. Such changes impact the 

Agricultural sector and limit the availability of products and services for human and livestock. 

Environmental Health is also impacted. Unfortunately, much information is not documented 

regarding the relationship between LULC Change and the Agricultural production within 

Urban and Rural Areas. This study, therefore, is aimed at demonstrating this relationship by 

considering the agricultural production in Muhanga City, Rwanda.  Time-series satellite images 

that included Landsat ETM+ were used for likelihood classification of LULC. Socio-economic 

Survey, interviews and review of documents were carried out to understand historical trends. 

Ground truth points were collected and other secondary information required.  Analysis of data 

was accomplished through the use of ERDAS imagine (version 9.1) and ArcGIS (version 10.8) 

software packages along with Microsoft office analytical tools. Remote sensing analysis gave 

us the status of change of cultivated land to have a net increase in Muhanga city while 

agricultural statistics has showed agricultural production has decreased between 2002 and 

2022. The study also revealed that the study area has lost some 22.3% (1365.75 ha) of 

cultivated land to urbanization (Built-up) between 2002 and 2022. At the same time built-up 

has increased about 16.9 % (1034.58 ha). The LULC changes have also destroyed forested land 

in the study area. These are also the dominant crops cultivated in Muhanga city. It revealed that 

Many crops yields were reduced as indicated: Maize reduced from 571 Kg to 541kg, Cassava 

from 1345 to 1040 kg, Rice from 394.7 to 387 kg, Ordinary Beans from 640.6 to 490 kg, 

Climbing Beans from 747 to 736 kg, Peas from 116 ha to 70 kg, Vegetables from 3716 kg to 

3523 kg, Soybeans from70 kg to 22 kg, Banana from 1695 kg to 1115 kg, Irish potatoes from 

313.9 to 225 kg, Sweet potatoes from 181.9 kg to 152 kg, Fruits from 78 to 89kg and Coffee 

52 to 17 kg. Continuous monitoring of LULC changes and their impacts are still recommended.  

Keywords: Land use and land cover change, Agriculture production, Satellite image, 

GIS, impacts. 

1. Introduction 

The relationship between Agricultural 

Production and Land Use/Land Cover 

Changes cannot be ignored as there is an 

exponential rate of urbanization (Pandev & 

Seto, 2014). Geospatial Technologies 

(including Remote Sensing, Landsat 

Satellite, Geographic Information and 

Global Position System) are useful in the 

study of the above mentioned correlation as 

they provide information and opportunities 

to understand and quantify the rate of 

changes occurring on the earth's surface 
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over time (Khan et al., 2016; Seto et al., 

2004). In developing countries like 

Rwanda, Land use and land cover change 

(LULCC) is the conversion of different land 

use types ,and is the result of complex 

interactions between humans and the 

physical environment (Halefom et al., 

2018; Negassa et al., 2020). LULCC is a 

major driver of global change and has a 

significant impact on ecosystem processes, 

biological cycles and biodiversity. 

The government of Rwanda (GoR) has 

decided to increase the urbanization rate up 

35% in 2024. To achieve this target, 

Muhanga ,one of the six secondary cities to 

Kigali has been under development 

whereby this has been characterized by the  

expansion of built-up areas in the city of 

Muhanga (WorldBank, 2017). Considering 

the potential link between LULCC and 

agriculture, an understanding of the 

agricultural production of the major cities, 

such as Muhanga City, that are highlighted 

in this increased urbanization is imperative. 

This study mapped and analyzed the impact 

of land use and land cover changes on 

agricultural production in Muhanga City 

between 2002 and 2022. It specifically 

focused on the following: (1) mapping and 

analyzing the land use land cover of 

Muhanga City between 2002 and 2022; (2) 

determining the agricultural production in 

Muhanga City between 2002 and 2022; and 

(3) investigating the impact of Land Use 

and Land Cover Changes on Agricultural 

crop production in Muhanga City between 

2002 and 2022 

The methods and materials used, Section II; 

the results obtained, Section III; the 

discussion and analysis of results, Section 

IV; and, finally, the conclusion, Section V 

are all discussed succinctly by the 

researcher in the ensuing sections as 

indicated. 

2. Methods and Methodology 

2.1. Study Area 

Muhanga City is a secondary city located in 

central Rwanda, approximately 45 

kilometers southwest of Kigali, and it is 

officially a part of the Southern Province.  

 

 

 

 

 

 

 

 

 

Figure 1: Map of Muhanga City 

2.2. Study Design 
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This study has a Cross-sectional Design. 

The Researcher collected data on the LULC 

and the Agricultural Production of 

Muhanga City using Landsat Satellite and 

Data from the Agronomy Department of 

Muhanga District and MINAGRI 

respectively.  

2.3. DATA Collection Methods 

There was a collection of qualitative and 

quantitative information to better 

understand, explain, and interpret the 

agriculture production and land use and 

land cover change. These techniques 

include Satellite imaging, GIS and GPS. 

Satellite imaging, GIS (Geographic 

Information Systems) and GPS (Global 

Positioning System) techniques are used for 

the study of land use pattern. Ground 

trothing points in the study area was 

collected to aid different steps of image 

processing and classification for change 

detection. Besides this, field observation 

was made to have better information about 

the nature of the various land use and land 

cover classes prevailing in the study area.  

2.3.1. Field visit 

Field visits on the study area were made in 

the study area to document existing 

situation and collect ground points using 

global positioning system device and taking 

some photos.  

2.3.2. Desk Review   

Desk review involved reading scientific 

articles, books and reports about Land use 

land cover changes and their impacts. 

Reading published materials on 

urbanization and land use land cover 

changes contribute to a better 

understanding of impacts LULC Changes 

and its impacts. Furthermore, desk review 

involved exploring the existing data, 

publication and research articles from either 

Library or internet. 

 

2.4.Data required and sources 

2.4.1. Satellite Images 

The Landsat images for the years 2002- 

2022 will be collected from USGS through 

their earth explorer web portal 

(https://glovis.usgs.gov/ and were  used for 

image classification to identify land use 

patterns and create LULC maps and LULC 

changes. Landsat-5 satellite images were 

obtained for 2002 and Similarly, Landsat-8 

satellite images were acquired for 2012 and 

2022. The Landsat images had the spatial 

resolution for 30 m. Images with cloud 

cover of less than 5% were only be selected 

to maintain quality and uniform weather 

conditions throughout the study period. 

 

2.4.2. Agricultural data 

Data on Crop wise productivity in kilogram 

per hectare in study period was collected 

from MINAGRI and Muhanga District. 

Information for the yield per hectare data 

for the main crops grown in Muhanga City 

was also collected from government 

agencies in charge of agriculture or 

statistics. Any other data related to 

Agriculture production, cropping and 

grazing activities was sourced from 

MINAGRI/RAB 

2.4.3. Spatial data 

Administrative data and city shape file were 

acquired from Rwanda housing Authority 

and National institute of statistics of 

Rwanda (NISR). 

2.5.Data Analysis 

Having LULC maps and results from 

detected changes in Muhanga City, a 

comparison and analysis   was made using 

http://eajournal.unilak.ac.rw/EAJST
mailto:eajst_editor@unilak.ac.rw
mailto:/eajscience@gmail.com
https://glovis.usgs.gov/


East African Journal of Science and Technology, Vol.12 Issue 1, 2022 Salymatu. (P.123 – 138) 

126 
http://eajournal.unilak.ac.rw/EAJST (online Version) ISSN: 2227-1902 Email: eajst_editor@unilak.ac.rw /eajscience@gmail.com 

maps and statistics from the classification 

and post-classification. Here the ArcMap 

10.8 will be used to make maps while 

ERDAS imagine was used to determine the 

Changes in LULC over time (from 2002 to 

2022). These findings were interpreted and 

impacts of the LULC changes on other land 

cover and land use were assessed. 

By using the EXCEL, Data from 

MINAGRI and Muhanga District or other 

institutions were analyzed then linked to 

statistics from the change detection. 

Information on agriculture crop production 

over the study period were assessed and 

linked to agricultural land cover from the 

classification using Advanced EXCEL 

(MS) 

3. Results 

For the purpose of observing the land use 

land cover of the study area, it is 

undoubtedly paramount to select major 

classes relative to the study area. The 

classes selected are built-up land, Forested 

land, barre land, Cultivated or agricultural 

land water body  

The contingency table, inserted below, 

obtained from the remote sensing based-

classification shows the extent of each type 

of land use/ cover class at different study 

periods of the area.  

 

Table 1: LULC Changes in Muhanga from 2002-2022 

LULC Classes 

2002 2012 2022 

Area in Ha % Area in Ha % 

Area in 

Ha % 

BUILT-UP AREA 

LAND 1108.057748 18 1880.604803 31 2142.64 35 

CULTIVATED LAND 2554.938956 42 1460.23811 24 1189.19 19 

FOREST LAND 1911.43 31 1864.77 30 1688.79 28 

BARE SOIL 418.144463 7 603.99 10 998.43 16 

WATER BODIES 125.423651 2 308.390783 5 98.94 2 

Total Area(Ha) 6117.99 100 6117.99 100 6117.99 100 

Source: Classification statistics by the researcher, 2022 

 

3.1.LULC of Muhanga in 2002 

The result obtained from the classified 

Landsat image of 2002 shows that the 

dominant land cover of the study area 

within this period is cultivated land which 

account 42% of the total study area. This is 

followed by Forested land, Built-up, Bare 

land and Water Body which account 31%, 

18%,7% and 2 % respectively.  
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1.1.LULC of the Study Area in 2012 

The result obtained from the classified 

Landsat image of 2012 show that; the 

dominant land cover of the study area 

within this period is Built-up which account 

31% of the total study area. The other 

dominant land cover class forested land, 

Cultivated land, Bare land and Water Body 

which account 30%, 24%,10% and 5 % 

respectively. 

 

 

 

 

 

 

 

 

 

 

 

1.2.LULC of the Study Area in 2022 

Figure 3: Muhanga City LULC 2012 
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Classification showed that Landsat image 

of 2022 show that; the dominant land cover 

of the study area within this period is Built-

up which account 35% of the total study 

area. The other dominant land cover class 

forested land, Cultivated land, Bare land 

and Water Body which account 28%, 

19%,16% and 2 % respectively ( Figure 4) 

 

 

 

 

 

 

 

 

 

 

 

 

1.3.LULC change between 2002 to 2022 

 Generally, the LULC types in the three 

study periods gradually changed with 

differing rates depending on the existing 

socio-economic, political, and 

environmental situation. Considering the 

overall study period (20 years), there was a 

remarkable increase in a real extent of built 

up area of land from 1108.06 ha (18 %) in 

2002 to 2142.64 ha (35%) in 2022. 

Cultivated land, and Forested land were 

diminished at a higher rate within these 20 

years (Figure 5) 

 

Figure 4: Muhanga City LULC 2022 
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Figure 5: Variation of Muhanga City LULC from 2002 to 2022 

1.4.Agricultural production in Muhanga 

City. 

Based on the information from District and 

sectors agronomist, it was indicated that 

farmers from Muhanga city mainly grow 

following crops: Maize, Cassava, Rice, 

Ordinary Beans, Climbing Beans, Peas, 

Vegetables, Soybeans, Banana, Irish 

potatoes, Sweet potatoes, Fruits and Coffee. 

It was indicated that more than a half of the 

farmers cultivate cereals, beans, Potatoes, 

Cassava, sweet potatoes and soya and 

vegetables. These crops constitute about 

95% of food stuff found in most of the 

markets within the city and beyond. This 

demonstrates the immense contribution of 

Muhanga City in food supply in Southern 

Province. 

1.5.Agricultural Production in 2002 

Based the agricultural statistics from the 

District of Muhanga for the year 2002, it 

was mentioned that the production was 

huge for the following crops: Vegetables, 

banana and Cassava with 3716 kg, 1695 kg 

and 1345 kg of production per each 

household respectively (Table 2) 

 

Table2: Statistics on agricultural Production in 2002 

Agricultural production of each Sector per Household 

Year 2002 Nyamabuye Shyogwe Cyeza Total (Kg) 

Maize 106 213 252 571 

Cassava 459 488 398 1345 

Rice 185 77.7 132 394.7 

Ordinary Beans 305 279.6 56 640.6 

Climbing Beans 231 255 261 747 

Peas 36 41 39 116 

Vegetables 1230 1247 1239 3716 

Soybeans 12 24 34 70 
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Banana 306 690 699 1695 

Irish potatoes 74.9 112 127 313.9 

Sweet potatoes 27.9 56 98 181.9 

Fruits 21 12 45 78 

Coffee 7 16 29 52 

Source: Muhanga District and MINAGRI, 2002 

 

1.6.Agricultural Production in 2012 

The analysis from the agricultural statistics 

from the District of Muhanga for the year 

2012, it was mentioned there was an 

increase on the production in almost all 

crops (Table 3) 

Table 3: Statistics on agricultural Production in 2012 

Agricultural production of each Sector per Household 

Year 2012 Nyamabuye Shyogwe Cyeza Total (Kg) 

Maize 120 213 252 585 

Cassava 678 675 543 1896 

Rice 207 180 132 519 

Ordinary Beans 309 3011 56 3376 

Climbing Beans 165 180 209 554 

Peas 10 23 19 52 

Vegetables 1235 1413 1321 3969 

Soybeans 26 21 36 83 

Banana 342 234 312 888 

Irish potatoes 90 113 130 333 

Sweet potatoes 35 45 87 167 

Fruits 28 23 38 89 

Coffee 7 15 26 48 

Source: Muhanga District and MINAGRI, 2012 

1.7.Agricultural Production in 2021. 

The data we got from the agronomists of the 

Districts and MINAGRI didn’t include the 

statistics for the year 2022, the researcher 

consider using the available data for the 

year 2021. A very big decrease of crop 

production was observed in this year. The 

reduction was observed on the following 

crops: Maize, Cassava, Rice, Ordinary 

Beans, Climbing Beans, Peas, Vegetables, 

Soybeans, Banana, Irish potatoes, Sweet 

potatoes, Fruits and Coffee (Table 4) 
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Table 4: Statistics on agricultural Production in 2021 

Agricultural production of each Sector per Household 

Year 2021 Nyamabuye Shyogwe Cyeza Total (Kg) 

Maize 98 201 242 541 

Cassava 267 423 350 1040 

Rice 185 78 124 387 

Ordinary Beans 232 213 45 490 

Climbing Beans 231 245 260 736 

Peas 4 32 34 70 

Vegetables 1201 1200 1122 3523 

Soybeans 7 3 12 22 

Banana 234 349 532 1115 

Irish potatoes 45 57 123 225 

Sweet potatoes 25 48 79 152 

Fruits 11 5 9 25 

Coffee 2 3 12 17 

Source: Muhanga District and MINAGRI, 2021 

 

1.8.Impacts of LULUC Changes  on 

Agricultural Production.  

This research investigated on crops that are 

greatly changes when crop data of year 

2002, year 2012 and year 2021 are 

compared. 

The analysis of those crops data showed 

that they a huge decrease of the production 

between 2012 and 2022 and this reduction 

is associated with LULC Changes in 

Muhanga City. As indicated in the (Figure 

13) many productions of many crop was 

reduced.  
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Figure 6: Muhanga City Agricultural Production (in Kg) of specific commodities per 

Year 

2. Discussion 

The research results demonstrated that there 

was a huge change in Land use land cover 

in Muhanga City and this is common in 

developed and developing countries where 

spatial urban expansion is a common 

phenomenon(Kasraian et al., 2016; Traore 

et al., 2021). It is associated with economic 

progression and land development which 

are seen as engine of city growth which 

drive the land use land cover (Traore et al., 

2021). However, in developing countries 

urban land use land cover changes   are with 

negative Impacts. Many researchers 

claimed that The major factors contributing 

for rapid urban expansion in Africa are 

higher natural population growth, rural to 

urban migration and spatial urban 

development(Nduwayezu et al., 2017). 

Studies conducted to assess the impact of 

Land use land cover in the cities on 

agricultural Production found that there is a 

negative impacts of LULC changes on the 

crop production in developing 

countries(Elmqvist et al., 2013). LULC 

studies employed descriptive research 

design and mix methods of both qualitative 

and quantitative approaches(Rwanyiziri et 

al., 2020). Urban expansion program 

around Rwandan cities city was not 

participatory. Although urban areas cover a 

very small fraction of the world’s land 

surface, rapid urban expansion has 

significantly changed the Muhanga city 

landscape and formed immense agricultural 

and social impacts(MININFRA, 2021). 

LULC are principally important in rapidly 

changing areas such as urban settlements in 

many countries(Mugiraneza et al., 2018a). 

Over the last decades, several studies have 

focused on the field of urban expansion. 
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However, the implications of this the 

impacts of LULC changes on the 

agricultural production have not been 

sufficiently analyzed(Fazal, 2000). They 

presented some major challenges(Beckers 

et al., 2020).It was reported that A 

combination of remotely sensed (RS) data 

and geographic information systems (GIS) 

technologies could provide an eminently 

suitable means of assessing impacts of 

LULC(Hassan et al., 2016). The next step 

was to analyze the impacts of LULC 

changes in Muhanga City between 2002 

and 2022, An increased impact of LULC 

changes on agricultural production was 

observed. 

If the current LULC changes continues in 

the future, the new urban areas could 

develop in the fringe and rural areas and, 

therefore, the trend between rapid urban 

expansion and limited land resource 

becomes more apparent and this can 

continue decreasing the agricultural 

production (Coulibaly & Li, 2020; Lasisi et 

al., 2017). 

Agricultural agencies should be developing 

action document plan that may minimize 

the impacts of LULC Changes on 

agricultural production is very essential 

document for rehabilitation program 

evicted farmers in urban expansion process 

(Lu et al., 2022; Mugiraneza et al., 2018a) 

3.  Conclusion 

Remotely sensed data are very useful urban 

studies. Assessing the impacts of land use 

land cover change on agricultural 

production in Muhanga city by using 

remotely sensed data and GIS techniques 

provides relevant results. This study shows 

that the LULC Changes has negative 

impacts on cultivated land and directly and 

indirectly affects the agriculture 

production. Remote sensing and 

Geographical information systems 

technologies were applied in this study to 

process and analysis the geographical data 

used. There has been rapid conversion of 

cultivated land used for farming or 

agriculture to nonagricultural use; spatial 

expansion has occurred around the city of 

Muhanga. The study also revealed that the 

study area has lost some 22.3% (1365.75 

ha) of cultivated land to urbanization 

(Built-up) between 2002 and 2022. At the 

same time built-up has gain some 16.9 %( 

1034.58 ha) This study had assessed and 

found that LULC Changes has adversely 

affected the agricultural production; over 

20 last years, Many crops yields were 

reduced as follow Maize reduced from 571 

Kg to 541kg, Cassava from 1345 to 1040 

kg, Rice from 394.7 to 387 kg, Ordinary 

Beans from 640.6 to 490 kg, Climbing 

Beans from 747 to 736 kg, Peas from 116 

ha to 70 kg, Vegetables from 3716 kg to 

3523 kg, Soybeans from70 kg to 22 kg, 

Banana from 1695 kg to 1115 kg, Irish 

potatoes from 313.9 to 225 kg, Sweet 

potatoes from 181.9 kg to 152 kg, Fruits 

from 78 to 89kg and Coffee 52 to 17 kg. 

The Z.test results was z >0.05 which reads 

to the research hypotheses to be accepted, 

this means that LULC changes have 

negatively affected agricultural production 

based on the reduction of cultivable land 

and the statistics we have from The District 

and MINAGRI on the crop in the period of 

study. Continuous monitoring of land use 

land cover changes and their impacts are 

still recommended. 

 

4. References 

 Appiah Mensah, A., Akoto Sarfo, 

D., & Partey, S. T. (2019). 

Assessment of vegetation dynamics 

using remote sensing and GIS: A 

http://eajournal.unilak.ac.rw/EAJST
mailto:eajst_editor@unilak.ac.rw
mailto:/eajscience@gmail.com


East African Journal of Science and Technology, Vol.12 Issue 1, 2022 Salymatu. (P.123 – 138) 

134 
http://eajournal.unilak.ac.rw/EAJST (online Version) ISSN: 2227-1902 Email: eajst_editor@unilak.ac.rw /eajscience@gmail.com 

case of Bosomtwe Range Forest 

Reserve, Ghana. Egyptian Journal 

of Remote Sensing and Space 

Science, 22(2), 145–154. 

https://doi.org/10.1016/j.ejrs.2018.

04.004 

 Bidogeza, J. C., Berentsen, P. B. M., 

De Graaff, J., & Oude Lansink, A. 

G. J. M. (2009). A typology of farm 

households for the Umutara 

Province in Rwanda. Food Security, 

1(3), 321–335. 

https://doi.org/10.1007/s12571-

009-0029-8 

 Bizoza, A. R., & Opio-Omoding, J. 

(2021). Assessing the impacts of 

land tenure regularization: 

Evidence from Rwanda and 

Ethiopia. Land Use Policy, 

100(October 2019), 104904. 

https://doi.org/10.1016/j.landusepol

.2020.104904 

 Bosco, N. J., & Thomas, M. (2019). 

Land Surface Temperature Analysis 

of Kigali City. Current Journal of 

Applied Science and Technology, 

32(2), 1–11. 

https://doi.org/10.9734/CJAST/201

9/45426 

 Brempong. (2010). Land 

Management Practices and Their 

Effects on Food Crop Yields in 

Ghana. Joint 3rd African 

Association of Agricultural 

Economists and Agrucultural 

Economists Association of South 

Africa Conference., 1–7. 

 Case, L. A., Gumma, M. K., 

Mohammad, I., & Nedumaran, S. 

(2017). Urban Sprawl and Adverse 

Impacts on Agricultural. 1–16. 

https://doi.org/10.3390/rs9111136 

 Chen, B., Xiao, X., Ye, H., Ma, J., 

Doughty, R., Li, X., Zhao, B., Wu, 

Z., Sun, R., Dong, J., Qin, Y., & 

Xie, G. (2018). Mapping Forest and 

Their Spatial-Temporal Changes 

from 2007 to 2015 in Tropical 

Hainan Island by Integrating 

ALOS/ALOS-2 L-Band SAR and 

Landsat Optical Images. IEEE 

Journal of Selected Topics in 

Applied Earth Observations and 

Remote Sensing, 11(3), 852–867. 

https://doi.org/10.1109/JSTARS.20

18.2795595 

 Coulibaly, B., & Li, S. (2020). 

Impact of agricultural land loss on 

rural livelihoods in peri-urban 

areas: Empirical evidence from 

sebougou, mali. Land, 9(12), 1–20. 

https://doi.org/10.3390/land912047

0 

 Dalantai, S., Sumiya, E., Bao, Y., 

Otgonbayar, M., Mandakh, U., 

Batsaikhan, B., & Natsagdorj, B. 

(2021). Spatial-temporal changes of 

land degradation caused by natural 

and human induced factors: Case 

study of bulgan province in central 

mongolia. International Archives of 

the Photogrammetry, Remote 

Sensing and Spatial Information 

Sciences - ISPRS Archives, 43(B4-

2021), 79–85. 

https://doi.org/10.5194/isprs-

archives-XLIII-B4-2021-79-2021 

 Franco, L., & Hophmayer-tokich, S. 

(2016). the Impacts of Land Use 

Practices on the Environment : a 

Case Study in Butaw , Sinoe County 

, Liberia 2012- Submitted By : 

Elizabeth Saysay Dede D ’ Almeida 

Bsc ( Biology ) a Thesis Submitted 

To of the University of Twente 

http://eajournal.unilak.ac.rw/EAJST
mailto:eajst_editor@unilak.ac.rw
mailto:/eajscience@gmail.com


East African Journal of Science and Technology, Vol.12 Issue 1, 2022 Salymatu. (P.123 – 138) 

135 
http://eajournal.unilak.ac.rw/EAJST (online Version) ISSN: 2227-1902 Email: eajst_editor@unilak.ac.rw /eajscience@gmail.com 

Graduate Program in Partial Fulf. 

August, 0–42. 

 Han, H., Yang, C., & Song, J. 

(2015). Scenario Simulation and the 

Prediction of Land Use and Land 

Cover Change in Beijing, China. 

4260–4279. 

https://doi.org/10.3390/su7044260 

 Harris, D. R., & Fuller, D. Q. 

(2014). Encyclopedia of Global 

Archaeology. Encyclopedia of 

Global Archaeology, February. 

https://doi.org/10.1007/978-1-

4419-0465-2 

 Karsidi, A. (2004). Spatial Analysis 

Of Land Use / Land Cover Change 

Dynamics Using Remote Sensing 

And Geographic Information 

Sytems : A Case Study In The 

Down Stream And Surroundings Of 

The Ci Tarum Watershed 

[Disertasi]. Thesis, May, 243. 

 Kasraian, D., Maat, K., Stead, D., & 

van Wee, B. (2016). Long-term 

impacts of transport infrastructure 

networks on land-use change: an 

international review of empirical 

studies. Transport Reviews, 36(6), 

772–792. 

https://doi.org/10.1080/01441647.2

016.1168887 

 Kayiranga, A., Kurban, A., 

Ndayisaba, F., Nahayo, L., 

Karamage, F., Ablekim, A., Li, H., 

& Ilniyaz, O. (2016). Monitoring 

Forest Cover Change and 

Fragmentation Using Remote 

Sensing and Landscape Metrics in 

Nyungwe-Kibira Park. Journal of 

Geoscience and Environment 

Protection, 04(11), 13–33. 

https://doi.org/10.4236/gep.2016.4

11003 

 Khan, S., Qasim, S., Ambreen, R., 

& Syed, Z.-U.-H. (2016). Spatio-

Temporal Analysis of 

Landuse/Landcover Change of 

District Pishin Using Satellite 

Imagery and GIS. Journal of 

Geographic Information System, 

08(03), 361–368. 

https://doi.org/10.4236/jgis.2016.8

3031 

 Koranteng, A. (2021). Multi-

Temporal Study of Land Use Land 

Cover Changes. International 

Journal of Environmental Sciences 

& Natural Resources, 29(1), 1–13. 

https://doi.org/10.19080/ijesnr.202

1.29.556254 

 Koruyan, K., Deliormanli, A. H., 

Karaca, Z., Momayez, M., Lu, H., & 

Yal??in, E. (2012). Remote sensing 

in management of mining land and 

proximate habitat. Journal of the 

Southern African Institute of 

Mining and Metallurgy, 112(7), 

667–672. 

 Kousar, S., Ahmed, F., & Pervaiz, 

A. (2021). Food Insecurity , 

Population Growth , Urbanization 

and Water Availability : The Role 

of Government Stability. 

 Lambin, E. F., Geist, H. J., & 

Lepers, E. (2003).  D Ynamics of L 

and -U Se and L and -C Over C 

Hange in T Ropical R Egions . 

Annual Review of Environment and 

Resources, 28(1), 205–241. 

https://doi.org/10.1146/annurev.ene

rgy.28.050302.105459 

 Metra, & GeoVille. (2016). Liberia 

land cover and forest mapping for 

the readiness preparation activities 

of the Forestry Development 

Authority. 

http://eajournal.unilak.ac.rw/EAJST
mailto:eajst_editor@unilak.ac.rw
mailto:/eajscience@gmail.com


East African Journal of Science and Technology, Vol.12 Issue 1, 2022 Salymatu. (P.123 – 138) 

136 
http://eajournal.unilak.ac.rw/EAJST (online Version) ISSN: 2227-1902 Email: eajst_editor@unilak.ac.rw /eajscience@gmail.com 

https://www.forestcarbonpartnershi

p.org/sites/fcp/files/2017/Aug/Libe

ria Land Cover and Forest Mapping 

report.pdf 

 MININFRA. (2021). RWANDA 

URBAN DEVELOPMENT 

PROJECT RUDP II PHASE 3 

MUHANGA SECONDARY CITY 

RESETTLEMENT ACTION 

PLAN. June. 

 Mokhena, T., Mochane, M., 

Tshwafo, M., Linganiso, L., 

Thekisoe, O., & Songca, S. (2016). 

We are IntechOpen , the world ’ s 

leading publisher of Open Access 

books Built by scientists , for 

scientists TOP 1 %. Intech, 225–

240. 

https://www.intechopen.com/books

/advanced-biometric-

technologies/liveness-detection-in-

biometrics 

 Mosammam, H. M., Nia, J. T., 

Khani, H., Teymouri, A., & 

Kazemi, M. (2017). Monitoring 

land use change and measuring 

urban sprawl based on its spatial 

forms: The case of Qom city. 

Egyptian Journal of Remote 

Sensing and Space Science, 20(1), 

103–116. 

https://doi.org/10.1016/j.ejrs.2016.

08.002 

 Mothorpe, C., Hanson, A., & 

Schnier, K. (2013). The impact of 

interstate highways on land use 

conversion. Annals of Regional 

Science, 51(3), 833–870. 

https://doi.org/10.1007/s00168-

013-0564-2 

 Mugiraneza, T. (2021). Earth 

Observation based Monitoring of 

Urbanizationand Environmental 

Impact in Kigali, Rwanda. 

 Mugiraneza, T., Ban, Y., & Haas, J. 

(2018a). Author ’ s Accepted 

Manuscript Urban land cover 

dynamics and their impact on 

temporal Landsat Data Reference : 

To appear in : Remote Sensing 

Applications : Society and 

Environment. Remote Sensing 

Applications: Society and 

Environment. 

https://doi.org/10.1016/j.rsase.2018

.11.001 

 Mugiraneza, T., Ban, Y., & Haas, J. 

(2018b). Urban land cover 

dynamics and their impact on 

ecosystem services in Kigali, 

Rwanda using multi-temporal 

Landsat Data. Remote Sensing 

Applications: Society and 

Environment, 13(November 2018), 

234–246. 

https://doi.org/10.1016/J.RSASE.2

018.11.001 

 Muhanga, D. (2011). EDPRS 

MUHANGA DISTRICT SELF 

ASSESSMENT. 

 Muhanga District. (2018). 

REPUBLIC OF RWANDA 

MUHANGA DISTRICT 

DEVELOPMENT STRATEGY : 

2018-2024. 2018–2024. 

 Muthama, P., Mubea, K., & 

Mundia, C. N. (2016). Assessment 

of Impacts of Road Infrastructure 

Using GIS and Remote Sensing: A 

Case Study of Yatta Sub County. 

International Journal of Science and 

Research (IJSR), 5(2), 1210–1219. 

https://doi.org/10.21275/v5i2.nov1

61352 

http://eajournal.unilak.ac.rw/EAJST
mailto:eajst_editor@unilak.ac.rw
mailto:/eajscience@gmail.com


East African Journal of Science and Technology, Vol.12 Issue 1, 2022 Salymatu. (P.123 – 138) 

137 
http://eajournal.unilak.ac.rw/EAJST (online Version) ISSN: 2227-1902 Email: eajst_editor@unilak.ac.rw /eajscience@gmail.com 

 Nduwayezu, G., Sliuzas, R., & 

Kuffer, M. (2017). Modeling urban 

growth in Kigali city Rwanda. 

Rwanda Journal, 1(1S). 

https://doi.org/10.4314/rj.v1i2s.7d 

 Negassa, M. D., Mallie, D. T., & 

Gemeda, D. O. (2020). Forest cover 

change detection using Geographic 

Information Systems and remote 

sensing techniques: a spatio-

temporal study on Komto Protected 

forest priority area, East Wollega 

Zone, Ethiopia. Environmental 

Systems Research, 9(1), 1–14. 

https://doi.org/10.1186/s40068-

020-0163-z 

 Pandey, B., & Seto, K. C. (2014). 

Urbanization and agricultural land 

loss in India : Comparing satellite 

estimates with census data. Journal 

of Environmental Management, 

2001. 

 Pham, V. C., Pham, T., Huyen, T., 

Tong, A., Thuy, T., Nguyen, H., & 

Pham, N. H. (2014). Journal of 

Land Use Science The conversion 

of agricultural land in the peri-urban 

areas of Hanoi ( Vietnam ): patterns 

in space and time. Journal of Land 

Use Science, 00(00), 1–19. 

https://doi.org/10.1080/1747423X.

2014.884643 

 Rel, H. D. E. M. İ., Korkutan, M., 

Shoman, W., & Alganci, U. (2017). 

Research Article GEOGRAPHIC 

INFORMATION SYSTEM ( GIS ) 

BASED ACCESSIBILITY 

ANALYSIS FOR HIGHWAY 

TRANSPORTATION. 8(4), 339–

344. 

 Roth, M., & Haase, D. (1998). Land 

Tenure Security and Agricultural 

Performance in Southern Africa. 

Searching for Land Tenure Security 

in Africa, June, 1–20. http://www-

wds.worldbank.org/external/default

/WDSContentServer/IW3P/IB/200

4/03/09/000012009_20040309134

102/Rendered/PDF/2804310paper.

pdf%5Cnhttp://go.worldbank.org/Z

PD1572IP0 

 Seto, K. C., Woodcock, C. E., Song, 

C., Huang, X., Lu, J., & Kaufmann, 

R. K. (2004). Monitoring land-use 

change in the Pearl River Delta 

using Landsat TM. 23(10), 1985–

2004. 

 Shalaby, A., & Tateishi, R. (2007). 

Remote sensing and GIS for 

mapping and monitoring land cover 

and land-use changes in the 

Northwestern coastal zone of Egypt. 

Applied Geography, 27(1), 28–41. 

https://doi.org/10.1016/j.apgeog.20

06.09.004 

 Suleiman, M. S., Wasonga, O. V., 

Mbau, J. S., & Elhadi, Y. A. (2017). 

Spatial and temporal analysis of 

forest cover change in Falgore 

Game Reserve in Kano, Nigeria. 

Ecological Processes, 6(1). 

https://doi.org/10.1186/s13717-

017-0078-4 

 Tlapakova, L., StejskalovA, D., 

Karasek, P., & Podhrazka, J. (2013). 

Landscape metrics as a tool for 

evaluation landscape structure-case 

study hustopece. European 

Countryside, 5(1), 52–70. 

https://doi.org/10.2478/euco-2013-

0004 

 Traore, M., Lee, M. S., Rasul, A., & 

Balew, A. (2021). Assessment of 

land use/land cover changes and 

their impacts on land surface 

temperature in Bangui (the capital 

http://eajournal.unilak.ac.rw/EAJST
mailto:eajst_editor@unilak.ac.rw
mailto:/eajscience@gmail.com


East African Journal of Science and Technology, Vol.12 Issue 1, 2022 Salymatu. (P.123 – 138) 

138 
http://eajournal.unilak.ac.rw/EAJST (online Version) ISSN: 2227-1902 Email: eajst_editor@unilak.ac.rw /eajscience@gmail.com 

of Central African Republic). 

Environmental Challenges, 

4(April), 100114. 

https://doi.org/10.1016/j.envc.2021

.100114 

 WorldBank. (2017). Note 4 : 

Profiling Secondary Cities in 

Rwanda — Dynamics and 

Opportunities. December. 

 WorldBank. (2019). RWANDA 

URBAN DEVELOPMENT 

PROJECT PHASE II 

RESETTLEMENT ACTION 

PLAN MUHANGA SECONDARY 

CITY. November. 

 Yang, C., Li, Q., Chen, J., Wang, J., 

Shi, T., Hu, Z., Ding, K., Wang, G., 

& Wu, G. (2020). Spatiotemporal 

characteristics of land degradation 

in the Fuxian Lake Basin, China: 

Past and future. Land Degradation 

and Development, 31(16), 2446–

2460. 

https://doi.org/10.1002/ldr.3622 

 Zachary. (2018). Impact of Human 

Settlement on Land Use/Land 

Cover Changes in the Middle River 

Njoro Sub Watershed in Kenya. 

European Journal of 

Multidisciplinary Studies, 3(4), 

180. 

https://doi.org/10.26417/ejms.v3i4.

p180-188 

 Zhang, W., Ren, L. L., Yang, X., & 

Jiang, S. (2011). The impact of land 

use and land cover changes on 

runoff in a semi-arid River basin. 

IAHS-AISH Publication, 350, 38–

44. 

 Zipper, C. E., Burger, J. A., 

Skousen, J. G., Angel, P. N., Barton, 

C. D., Davis, V., & Franklin, J. A. 

(2011). Restoring forests and 

associated ecosystem services on 

Appalachian coal surface mines. 

Environmental Management, 47(5), 

751–765. https://doi.org/10.1007

 /s00267-011-9670-z 

http://eajournal.unilak.ac.rw/EAJST
mailto:eajst_editor@unilak.ac.rw
mailto:/eajscience@gmail.com

