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Abstract — As is a characteristic of rainfall-induced surficial 

landslides, the mass movement occurred where the landform or 

configuration of the bedrock surface facilitated the concentration 

of slope water. More than half of the landslides originated in 

slope depressions or drainage lines, with initial failure taking 

place on an upper slope, ridge or summit. The present study aims 

at assessing the rainfall intensity, site-soil-geology and seismicity 

of the central division of Viti Levu, Fiji Islands using the GIS 

and remote sensing techniques. Rainfall intensity, Site-soil-

geology, geomorphology and SRTM DEM data were the main 

sources of layers used to carry out such analysis using the 

Frequency Ratio methodology and ArcGIS Multi-Criteria 

Analysis (MCA). The final result of Land Slide Potential Zone 

(LSPZ) indicates the ‘low’, ‘moderate’ and ‘high’ zones. The 

result presents a readable map for people to simply identify their 

state of vulnerability within the study area. Thus, this research 

will assist professionals such as urban planners, engineers and 

legislators to implement sustainable developments whilst 

reducing the risks of disasters. 

 

Key words: AUC curve; Frequency ratio; Landslide; Multi-

Criteria Analysis; Weighted sum 

I. INTRODUCTION 

The increase in intensity, severity and frequency of 

natural hazards has become a major global concern in the 

21st century for Small Islands Developing States 

(SIDS)particularly in the South Pacific[1,2]. Fiji Islands 

consists of 322 islands, islets and atolls with an uneven 

distribution of 884,887 total population[3]. Fiji has a very 

complex tectonic history as it is located within the indo– 

Australian and the Pacific plate boundary juxtaposed in 

between two opposite facing subduction zones [4,5]. Due to 

this tectonic setting complexity, landslideshave become a 

lethal natural hazard to humanity which disaggregates their 

source of livelihoods, devastates flora and fauna, destroys 

built environment, loss of lives and negatively influence the 

welfare and wellbeing of society. Landslides are triggered 

by factors such as processes that bring forth the downslide 

of slope-forming materials including natural rocks, soils and 

trees as well as artificial fill, or a combination of both [5]. 

According to Greenbaum at al[6] the underlying principle is 

that relationships between past landsliding events, 

interpreted from remote sensing, and factors such as the 

geology, relief, soils andfaults provide the basis for 
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modelling where future landslides are most likely to occur. 

There were several researches focused on different 

landslides zonation using different methodologies of 

analysis depending on the availability of data, knowledge of 

remote sensing and technology such as ArcGIS. In light of 

the work of Westen et al [7] the researcherincorporated the 

statistical method of GIS analysis to determine the zonation 

of landslide probability. These methods were deterministic, 

heuristic and statistical methodology for landslide zonation. 

Deng et al [8]developed a method to validate the frequency 

model by using the structural similarity approach in Pinggu 

District, Beijing in China. In Solaimani et al [9] and Lee and 

Pradhan [10] these researchers further integrated statistical 

methodology with logistic regression (LR) and frequency 

ratio (FR) in order to produce a landslide vulnerability map. 

Furthermore, Park et al. [11] have consolidated LR, FR, 

analytical hierarchy process (AHP)along with artificial 

neural network (ANN) models to produce and authorized 

the landslide susceptibility maps. Similarly, flood zonation 

was successfully accomplished in the South Pacific by 

Samanta et al [12]whereby remote sensing was integrated 

with frequency ratio to produce a flood hazard zonation of 

Markham river valley. Jana et al[13]used frequency ratio 

method to demarcate landslide susceptibility zones in the 

Busu catchment of Papua New Guinea. This study is 

essential because it adds knowledge and provide an 

understanding of the usefulness of ArcGIS and remote 

sensing analysis in Fiji Islands in solving complex issues of 

disaster risk reduction. Thus, several experts carried out 

research on landslide in Vitilevu Island, Fiji such Lawson 

[14], Howorth et al[15], Ram et al [16,19] and Greenbaum 

et al [17] revealed that rainfall – induced landslides are 

lethal for humanity. 

Theaim of this research is to identify the landslide zones 

onCentral Division of Viti Levu Island. In order to 

accomplish this aim, the following three (3) strategical steps 

were implemented: (1) selection of bio-physical factors that 

determines landslides; (2) Analyzation of collected data 

using the Frequency Ratio (FR), Multi – Criteria Analysis 

(MCA) and advanced GIS environment; and (3) 

demarcation of landslides potential zones and recommend 

the physical and non-physical measures that can be 

implemented to reduce the risks of landslides. 
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II. STUDY AREA 

The study area inFigure 1below was selected due to the 

following reasons; 1.) it is on the leeward side of the country 

facing the south east trade winds associated with high 

rainfall, 2.) about 342, 594 out of 884, 887 Fiji’s total 

poplation dwells within the study area alone which is 

equivalent to 38.7% of Fiji’s total population, 3.) the study 

area comprises of the Fiji’s rapidly developed capital city 

namely Suva and 4 towns, and 4.) major business 

operations, wharf, trades, services and residentialsare 

concentrated within the 3,980 Square kilometre of this study 

area[3].According to Varo et al [18] Fiji has a very complex 

tectonic history as it is located within the indo– Australian 

and the Pacific plate boundary juxtaposed in between two 

opposite facing subduction zones. 

Figure 1. Locality maps, a Fiji and the main islands in the Southwest Pacific archipelagos, bCentral Division in Fiji 

Islands, cFive (5) Provinces within the Central Division, and dstudy area. 

III. MAPPING OF LANDSLIDE OCCURRENCE 

It is necessary to distinguish different types of landslide. 

A preliminary landslide study in Southeast Viti levu island 

by Lawson [14] revealed thefollowing three (3) 

classification of landslides as shown in Table 1 below; 

Table 1. Landslide classification 

 
Landslide inventory is fundamental information that 

needs to be acquired. It could either be acquired through 

high resolution satellite imagery or field survey using the 

Geospatial Positional System (GPS) on the ground. For this 

present study, 35 points were collected on the ground as 

shown in Figure 2 below, high resolution Google satellite 

imagery was acquired and also referenced to the similar 

study that was once carried out by Greenbaum et al [6]with 

the assistance of the Fiji’s Department of Mineral 

Resources. During field observation, it was evidenced that 

steeper slopes are vulnerable to landslides compare to gentle 

to flat land. Greenbaum et al [6] stated that slides involve 

the downslope movement of a rock, soil or debris mass 

occurring dominantly on surfaces of rupture or relatively 

thin zones of intense shear strain (slip, shear or failure 

surfaces) which may be curved or planar. Two main sub-

divisions can be recognised: rotational slides and 

translational slides. 
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Figure 2. Major landslide occurrence in the Central Division. 

Rainfall induced landslides is common in the study area 

due to the orientation of topography and the land compared 

to earthquake induced landslides.Howorth et al [15] looked 

at the coastal strip between Navua and Korovou. Their 

report gave a detailed account of the exceptionally high 

rainfall levels during the passage of cyclone Wally in a 

period of 1 – 5 April, 1960 as well as descriptions of the 

resulting devastation to the local population, property and 

road system. Peak water discharge rates measured near the 

mouths of the Navua and Rewa rivers apparently correlated 

with the triggering of landslides. The great majority of the 

slides involved only regolith material; in only one instance 

was the removal of bedrock observed.Ram et al [19] 

revealeda landslide pushed a bus with six people totheir 

deaths into the Wainibuka River along the King roads north-

east of Korovou town. 

IV. DATA PRE-PROCESSING AND 

METHODOLOGY 

Table 2illustrates the data collected and prepared for this 

particular study. The ArcGIS 10.5 software was used to 

convert fault lines and soil data into raster format. The 

monthly rainfall readingsfor year 2016 - 2018 recorded by 

the six (6)weather stations namely Navua, Laucala, Nasinu, 

RKS, Lomaivuna & Nausori were derived from the Fiji 

Meteorological Department, the average annual readings for 

the three consecutive years were used accordingly. The 

interpolation technique was used for these six vector points 

to provide an average annual rainfall raster layer. The land 

use and geology vector layers weredigitized from the Fiji 

Mineral Resources Department Land Use and geology maps 

and re-confirmed with the Landsat 8 ETM satellite image 

(30 m spatial resolution), then it was converted to raster 

 format ready for further analysis. Slope layer was obtained 

from Fiji Mineral Resources Department for Vitilevu Island. 

All the data were converted to raster format using the spatial 

reference WGS 1972 datum for further ArcGIS analysis. 

Table 2. Data source 

 

4.1. Bivariate Analysis (Frequency Ratio) 

Bivariate statistical analysis (BSA) was used to measure 

landslide occurrence in each class of independent variables 

using frequency ratio (FR) model. Frequency ratio method 

illustrates the ratio of probability of the presence and the 

absence of any occurrence[12,13& 20]. The greater the  
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bivariate relationship (greater than 1) was the strong the 

relationship between the landslides and the conditioning 

factors.The below Eq. 1 was used to calculate frequency 

ratio for this present study was derived from Youssef et al 

[21]and Jana et al [13]; 

 
where, Wij is the frequency ratio of class i of parameter j; 

FLij is the frequency of observed landslide in class i of 

parameter j in percent; and FNij is the frequency of non-

observed landslide in class i of parameter j in percent. 

Finally, to calculate the landslide susceptibility index (LSI), 

each factor’s FR values were summed. The FSI was 

determined by sum of each factor’s FR following Eq. 2: 

 
where, LSI is landslide susceptibility index; Wij is weight 

of class € in parameter j; and n is number of parameters 

[12].Table 3 below recorded the eight (8) parameters used 

for this present study. 

Table 3. Parameters used through FRV model

Factor  Class Pixel in Class Class (%) Landslide Point Landslide (%) FRV 

Slope in Degree 

0 -7.73 3357225 32.90 7 20.00 0.61 

7.73 – 18.63 2863736 28.00 7 20.00 0.71 

18.63 – 30.59 2698884 26.40 20 57.14 2.16 

30.59 – 58.0 1220341 11.90 1 2.86 0.24 

> 58.0 62672 0.60 0 0.00 0.00 

Lithology 

Viti Limestone 238 0.01 1 2.86 0.00  

Mixed or Undifferentiated Sedimentary  54225 2.82 8 22.86 8.11 

Coarse grain sedimentary  35038 1.82 8 22.86 12.56 

Basic to intermediate volcanic  127256 6.62 18 51.43 7.77 

Alluvium  9659 0.50 0 0.00 0.00 

Slope Direction 

Flat 1695156 16.60 0 0.00 0.00 

NE 1095711 10.70 1 2.86 0.27 

E 1605163 15.70 3 8.57 0.55 

SE 984813 9.60 2 5.71 0.60 

S 1446623 14.10 3 8.57 0.61 

SW 841150 8.20 8 22.86 2.79 

W 1474692 14.40 3 8.57 0.60 

NW 1059541 10.30 15 42.86 4.16 

Fault Buffer 

0 – 400 501617 10.90 7 20.00 1.83 

400 – 800 423085 9.20 3 8.57 0.93 

800 – 1,600 631467 13.70 3 8.57 0.63 

1,600 – 2,400 463243 10.10 5 14.29 1.41 

> 2,400 2559150 55.80 17 48.57 0.87 

Land Use 

Forested land 10953824 17.20 28 80.00 4.65 

Tall reed grass 39751282 62.70 7 20.00 0.32 

Urban centres 1783305 2.80 0 0.00 0.00 

Wetland 531953 0.80 0 0.00 0.00 

Agriculture 10357836 16.30 0 0.00 0.00 

Soil Texture 

Sandy loam 7384803 72.40 27 77.14 1.07 

Sandy clay loam 2755499 27.00 8 22.86 0.85 

Peat 50829 0.49 0 0.00 0.00 
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Distance from River (m) 

0 – 400 797904 17.40 5 14.29 0.82 

400 – 800 642311 14.00 4 11.43 0.82 

800 – 1,600 1082479 23.60 7 20.00 0.85 

1,600 – 2,400 844059 18.40 9 25.71 1.40 

> 2,400 1211809 2.64 10 28.57 1.08 

Rainfall (mm) 

219.60 – 254.14 2796176 36.2 9 25.71 0.07 

254.14 – 278.32 2263618 32.3 12 34.29 0.11 

278.32 – 303.36 3818406 13.26 11 31.43 0.24 

303.36 – 350.86 1047735 11.91 3 8.57 0.07 

> 350.86 200137 1.0 0 0.00 0.00 

       

V. RESULTS AND DISCUSSION 

In order to provide a dynamic and vibrant realistic result, 

there is a need to dissect the eight (8) thematic layers used 

for this present study. 

5.1. Land use 

Land use reflects the feasibility of the ground to 

accommodate certain activities in urban and rural areas. 

There are five (5) classes of land use such as agriculture, 

forested land, tall reed grass, urban centres and wetland 

derived from the Fiji Ministry of Agriculture[22]and 

Department of Town and Country Planning [23].Figure 

3aillustrates the land use distribution andFigure4aillustrates 

the Frequency of landslides over each class. Notably, 

forested land has 4.65, tall reed grass has 0.32 whereby 

agriculture, urban centres and wetland has 0.0001. In urban 

areas, development guidelines and standards are strictly 

followed in order to maintain uniformity and order by local 

governments. Rural areas were non – monitored which 

results in unsustainable land use practices such as 

deforestation in forested land and overgrazing in tall reed 

grass land in particular.Moreover, agriculture, urban centres 

and wetland areas are situated on flat plain which establishes 

and prevents slides for these land uses. 

5.2. Soil Texture 

Soil texture is an essential factor determining the 

compaction of soil. The Ministry of Agriculture 

[22]differentiates three (3) soil texture categories which 

were sandy loam, sandy clay loam and peat. Figure 3b 

illustrates the distribution and Figure 4b reveals the 

frequency ratio accordingly. Sandy loam is >1 and has 1.07, 

sandy clay loam has 0.85 and peat has 0.0001.The 

relationship of landslides is high on soil with sandy loam 

texture basically because of its high porosity level than the 

other two textures. On the other hand, infiltration rate of 

storm water is high on sandy loam soil which makes it 

slippery and easy to disaggregates. Thus, sandy loam texture 

is looser than peat soil texture. 

5.3. Slope in degree 

Slope in degree a controlling factor which determines the 

pace of landslides. Steeper slopes move landmass faster than 

landmass on gentle slopes.In addition, landslides occur on 

steeper slopes whereby flows occur on river banks of flat 

land. Slope in degrees been classified into five (5) 

categories; 0 -7.73, 7.73 – 18.63, 18.63 – 30.59, 30.59 – 

58.0 and > 58.0. Slope in degrees 18.63 – 30.59 has 

frequency ratio value of 2.16 which is the highest and slope 

in degrees > 58.0 recorded the lowest which is 0.0001. 

Figure 3c illustrates the area coverage distribution while 

Figure 4c illustratesthe FRV. 

5.4. River distance 

Considering the distance from water ways and rivers, 

there were five (5) classes of distance established in meters; 

0 – 400, 400 – 800, 800 – 1,600, 1,600 – 2,400, > 2,400. The 

rationale is that river banks have greater tendency to flows 

and decreases further towards inland. Figure 3d illustrates 

the area coverage distribution and Figure 4d illustrates the 

FRV. This present study reveals that distance within 0 – 400 

meters recorded FRV of 0.82 while distance between 1,600 

– 2,400 meters recorded FRV of 1.40 accordingly. 
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Figure 3. a Land use, bSoil texture, cSlope in degree, dRiver distance,e Lithology, f Slope direction, g Fault buffer, 

and h Average annual rainfall 2018. 

5.5. Lithology 

Lithology plays a potent role in stabilization of soil, 

natural ground cover and man-made features. The five (5) 

classes were established according to the Fiji Mineral 

Resources Department [4], Rodda [24-27] and New Zealand 

Soil Bureau [28]geological classifications. These classes 

were viti limestone, mixed or undifferentiated sedimentary, 

coarse grain sedimentary, basic to intermediate volcanic and 

alluvial. This present study revealed that coarse grain 

sedimentary recorded FRV of 12.5 while viti limestone 

recorded a lowest of 0.0001 FRV.Figure 3e illustrates the 

area coverage while Figure 4eillustrates the FRV graphical 

relationship to landslides. 

5.6.  Slope direction (Aspect) 

Slope direction is a potent factor to consider due to the 

orientation of slope to Fiji’s prevailing southeast trade 

winds. Hence, the eight (8) directions were flat, north east 

(NE), east (E), south east (SE), south(S), south west (SW), 

west(W) and north west(NW). The study revealed that 

northwest direction dominated the FRV of 4.16 while flat 

land recorded the lowest FRV of 0.0001. The reason was the 

southeast trade wind brushes over vegetations on the 

northwest direction of the slope leaving landmass exposed 

to slides and falls of rocks. Figure 3f illustrates the area 

coverage while Figure 4f illustrates the graphical FRV 

accordingly. 

5.7.  Fault buffer 

Fault lines are prerequisite to landslides and sometimes 

titanically produced faults inseparably. Fault lines meter 

buffer were classified into five (5) distances which were; 0 – 

400, 400 – 800, 800 – 1,600, 1,600 – 2,400 and > 2,400. 

This study revealed that 0 – 400 meter buffer recorded the 

highest FRV of 1.83 while the relationship of landslides 

weakens further away from the fault lines. Figure 3g 

illustrates the area coverage while figure 4g illustrates the 

FRV. 

 

5.8. Rainfall 

Rainfall induced landslides are popular in Fiji Islands [6]. 

Rainfall readings in millimetres were classified into five (5) 

classes which were; 219.60– 254.14, 254.14 – 278.32, 

278.32 – 303.36, 303.36 – 350.86 and > 350.86. This 

present study revealed that 278.32 – 303.36 recorded highest 

FRV of 0.24 while >350.86 recorded the lowest. Figure 3g 

illustrates the area coverage while Figure 4g illustrates the 

graphical relationship of FRV. 
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Figure 4. Factors’ classes against Frequency Ratio 

Value (FRV); a Land use, bSoil Texture, cSlope in 

degree, dRiver distance,eSlope direction, f Lithology, g 

Fault distance, and h Average annual rainfall 2018 

5.9.  Landslide susceptibility zonation 

The final landslide vulnerability zonation on central 

district was derived using the formula mentioned earlier in 

Eq.2 which sums the eight parameters were reclassified and 

resampled into 20 X 20-meter pixel size using the multi 

criteria analysis in ArcGIS 10.5 software. Figure 5 

illustrates the area coverage distribution of the five (3) zones 

from ‘low, moderate, high’. 

 
Figure 5. Final landslide frequency zonation of the 

central division in Fiji Islands. 

 

Interesting to note that the areas associated with high 

rainfall has more risks to landslides, falls and flows which 

evidently shown in the central eastern part of the study area. 

Table 4 below illustrates the five (5) classifications and the 

area coverage whereby Figure 6 graphically illustrates the 

distribution. According to 2017 population census, 

approximately 38.7% of Fiji’s total population dwells within 

the study area alone[3]. The records of socio – economic 

related issues such as crime, informal urbanism and 

unemployment were relatively high. Man-made 

developments such as construction of apartments and 

shopping malls, road maintenance and housing are 

increasingly evident of thriving economic activities in the 

study area. 

Table 4. Results of landslide susceptibility zone and 

percentage area 

 
The study revealed the following; low covers 660 km2, 

moderate covers 2720 km2, and high covers 590 km2. 

Figure 6 illustrates thatmoderate zone covers more area than 

the four zones accordingly. 

 
Figure 6. Final landslide frequency zonation 

distribution. 

  



International Journal of Innovative Technology and Exploring Engineering (IJITEE) 

ISSN: 2278-3075, Volume-8 Issue-12S, October 2019 

360 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication 

 

Retrieval Number: L109110812S19/2019©BEIESP                  

DOI: 10.35940/ijitee.L1091.10812S19 

 

In lieu, there were several limitations to this present study 

such as budget and time constraints. However, the ultimate 

aim is to identify areas of high risks and inform all levels of 

government of their vulnerabilities and take actions 

accordingly. Urban and regional planners should be made 

aware and eloquent with landslide locations in order to 

formulate guidelines, policies and regulations to reduce 

spiral socio-economic, natural and physical risks attached to 

a target population. Local governments within the central 

division namely Suva City Council (SCC), Lami Town 

Council (LTC), Nasinu Town Council (NTC), Nausori 

Town Council (NTC) and Navua Rural Authority (NRA) 

need to encapsulate disaster prone areas into their local town 

scheme. 

VI. VALIDATION OF RESULTS 

The result was validated based on the landslide 

susceptibility index and landslide occurrence using the 

ArcGIS 10.5 software. The graph in Figure 7 illustrates the 

relationship and the Area Under Curve (AUC) was 

calculated accordingly. The AUC curve was calculated to be 

0.86 or 86% which is acceptable. Hence, the landslide zones 

were adopted and accepted to be the true reflection of 

landslides area. This AUC curve does not predict future 

landslides but validated the landslides areas of this present 

study. Thus, the landslides occurrence data points were also 

inserted in line with the confusion matrix technique which 

eliminates the bias or random components accordingly. 

 
Figure 7. Landslide susceptibility validation curve 

VII. CONCLUSION AND RECOMMENDATIONS 

Landslidesare lethal to humanity and costly to mad-made 

structures when occurred. However, humanity has been 

equipped with intellect to design preventative measures in 

order to reduce the risks of landslides. Using frequency ratio 

methodology is provedaffordable, reliable and accurate to 

delineate hazard zones especially for Fiji Islands. With 

limited technological resources, it was impetus to improvise 

whatever available information or data with GIS and RS 

knowledge gained so far to produce a landslide hazard 

zonation for the central division. The following 

recommendations were re-emphasizedby Mycoo[29] 

&Wainiqolo[30]; 1) mainstreaming disaster planning into 

local town planning scheme – planners are either ignorant or 

 lack understanding on types of natural disaster surrounding 

their designated town boundary., 2) mainstreaming 

technology into planning – the current effort of digitizing 

plans and converting hard copy into soft copy are 

appreciated but planners need to identify areas of high risks 

in order to pre-mobilize resources to accommodate people 

during disaster events., 3) mainstreaming public 

participation – the current practices of planning for the 

people are appreciated but people need to plan for 

themselves in the presence of planners through consultation, 

awareness and workshops. Traditional and local knowledge 

are paramount which needs to be taken into consideration. 

Moreover, people will take ownership of local plans and 

conform the rules and regulations that they designed. In 

other words, empowering local communities to implement 

soft measures such as sustainable farming practices in rural 

areas, proper hillside and coastal developments and 

protection of watershed areas. While in urban areas, 

developers will conform to the development standards and 

guidelines such as developable floor area ratio and building 

heights. Finally, the following tool kits are present with the 

planners but they need to optimize the use thereof;Town 

Planning Schemes, Local Area Plans, and Regional Plans., 

development Control Regulation - TP Act General 

Provisions., Legislation - TCP Act, Subdivision of Lands 

Act., Smart Growth Initiatives/Policies., Moratoriums., 

Public Participation and Stakeholder Consultation., GIS 

Mapping and Remote Sensing., Environment Impact 

Assessment Reports., Vulnerability/Hazard Maps., Village 

Planning and Partnership with Local Governments. 
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