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A Remote Sensing and GIS Approach to Assessing Multiple Environmental
Factors Leading to Delineation of Flood Hazard Risk Zone in the Busu River
Catchment, Morobe Province, Papua New Guinea
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disruption across the world. In th en the most catastrophic natural
disaster affecting an average of about 80 million people every year, causing economic damage
worth over US$11 million annually around the world (IFRC, 2008).

The causes of flooding, how it occurs and how to carry out mitigation measures can be realised
through flood hazard investigation and mapping using historical data. Before doing that, the
understanding of the multiple environmental factors in the catchment area is of paramount
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importance. A catchment is defined as the land area that contributes runoff to a given Hydro
Edge. Catchments and watersheds are land areas that drain to a Hydro Network. The
determination of their boundaries is necessary for modelling a hydrologic system (Martins and
Gadiga, 2015). According to the understanding of the catchment area with its surrounding
geographical features, a better flood hazard mapping can be done and it will be a vital
component for appropriate land use planning in flood prone areas (Ajin et al., 2013). It creates
easily-read, rapidly accessible charts and maps—whieh-facilitates the administrators and planners
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1.1 Nature of the problem

Lae City, second largest city in PNG, has experienced serious flooding episodes in the past,
which caused much destruction and reduction in land availability. This is so because the city is
located right near the Busu River where flooding is active and quite frequent. Thus it is vital to
let Governing bodies to exactly know the different categories of flood zones within the
catchment area, especially in the low lying areas where the city is located. It is contended that the
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torrential rainfall in the catchment area contributes to the severity of flooding in low lying areas.
Therefore, discussing and analysing the catchment geographical conditions like soil type and
drainage density could be important for the flood hazard mitigation measures. Also from the
flood hazard risk zone map, the proper decision can be made to assist the city in its urban
development drives. People negatively interacting with the upper catchment area are a common
problem and that aggravates the flood situation in lower catchment areas. Therefore with the
awareness of the hazard map, the uppe hite ca community will be convinced not to
resort to certain pernicious activaties-w e T1VE 1ts swrrounding environment.

\
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The data type used was)n digiNataﬁor tmumf;n pCs of data layers were
integrated within GIS environinent to deline 00 zor Busu River catchment
data_availabili alsO according to the literature and
scientific interview with respect to flood cause, the five factors were selected and integrated
through multi-criteria evaluation techniques. Multi-criteria analysis (MCA) techniques are well
known decision support tools for dealing with complex decision constellations where
technological, economical, ecological and social aspects have to be covered (Marinoni, 2004).
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The data layers used are tabulated in Table 1. The summary of Methodology applied to generate
each thematic layer and produce flood hazard zone is highlighted in the flow chart in figure 3.
The thematic layers, that is, slope layer and drainage density map layer were extracted and
generated from SRTM DEM using specific hydrological tools in ArcGIS 10. The thematic
layers, that is, rainfall data and soil data are extracted or derived from Geobook, 2009. The land
use land cover (LULC) classification thematic layer was generated using Landsat 8 satellite
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image (LOI) using ERDAS Imagine. The projection and coordinate system was defined to UTM,
WGS84, zone 55 southern hemispheres. Each factor was ranked according to its potential
contribution to flooding. Also the class of each factor was assigned weight age according to its
potentiality in flood intensity. The assigned weight or rank for each factor or class is based on
different experts' opinions; therefore, pair-wise comparison, as introduced by Saaty (1980) for
weights assigned was carried out basically to normahse the weights and to calculate the
consistency ratio in order to be consis s and ranks assigned (Machiwal et al.,

2011).
ﬁ QIE JN laygrs us2

Data layers 7~ escri Source
Slope factor tracpe@g)m PNG SRTM DEM PNG
Drainage Defisity !E Gengrate from PNG SRTM DEM University of
Land us d cover Aﬁlerated from Landsat 8 satellite 1mag}§R echnology
factor/l resolution)
Rainfa) Rain fall data was generated from Geobook, 2009
Soi /A/ { Soil data - soil texture: was derived from Geobook durlné\ﬂ'{ukal

project (Samanta, 2014), —__
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Fig 3. Methodological Flow Chart (Source: Author, 2015)
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2.2 Weights assigned and Analytical Hierarchy Process

The analytical hierarchy process (AHP) was developed by Saaty (1980, 1989, 1992), specifically
to assess or synthesize judgments or decisions made by the experts to achieve their set goal and
to evaluate and check the consistency of judgment made. It is one of the best known and most
widely used multi-criteria analysis (MCA) approaches. It allows users to assess the relative
weights of multiple criteria or multiple options against given criteria in an intuitive manner

enf"group_decision-making, where group
O
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Consistency Index (CI) is ealculated after normdlised weightis derived from pair- wise

comparison matrix (Table 3). The for_assigne ights—for casses or factors was calculated
following the procedure suggested by Saaty (1980, 1992):

Cl=(Mm—n)/(n—1) oo, Equation 2

Where, CI = Consistency Index
n = order of matrix
Am = normalised weights multiplied by each column total.
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The consistency random index (RI) is the average value of CI for random matrices. The average
consistency of square matrices of various orders n was calculated by Saaty (1977) up to matrix
order of 15 and is shown in Table 5.

Table 2. Random indices for matrices of various sizes (n)

13 14 15
1.56 | 1.57 | 1.59
Source: (Saaty 1977)
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Table 4. Assignediand normafised weights s (V@te from Sgaty, 1977 & 1980)
Factors As';igN;th;tJ __—Nefmalised weights
Rainfall(RF) WV 0.420578254
Soil 4 0.232193889
Land use Land cover(LULC) 3 0.185214396
Drainage Density 2 0.099300408
Slope 1 0.062713053
Total 1
CR | 0.02
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3. Results and Discussion

Multi-criteria evaluation or analysis technique is applied in different categories of field, like
flood hazard assessment, ground water potential investigation, malaria hazard risk investigation,
and so forth. The technique consists of processing and overlaying several environmental factors
in the GIS environment. Multi-criteria evaluation works well with AHP to synthesise and
normahse the decision made. The welghted overlay tool and reclassify tool in ArcGIS 10 are

s er tand AHP. wasta
or &alym echni
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. assigned are
fFom 11terature or through interview proce S€S.

ore 11ke1y on b
e cover slows the jop
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Drainage density ratTor othe Tl . Drainage density of
a basin is the totalN\ine length h tr, am k bﬁt asi i
density map was preparegd-from SR ta{"lje al“area

calculated to be 1317.72 k 1252 e total

the stream-tictwork was calculated to be
803.29 km. From this value, dram densi s—eatculated and its map was generated.
Drainage is an important ecosystem factor controlhng flood hazards as its densities denote the
nature of the soil and its geotechnical properties (Pareta, 2004). A high value of the drainage
density indicates a relatively high number of streams, which implies increasing flood peaks.
Moreover, a long concentration time implies more opportunities for water to infiltrate. Therefore
a decreasing Drainage density generally implies decreasing flood volumes. Higher weights were
assigned to higher drainage density areas and lower weights were assigned to low drainage
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density areas. Figure 4 c) illustrates the thematic layer for Drainage Density & Table 6 explains
the weight age assigned to each class and its normalised weights.

3.3 Rainfall factor

Intense rainfall is the major factor that contributes to ﬂooding. The heavy rainfall within a short
period leads to high runoff becau ded the infiltration rate and hence
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Table 5. Soil texture

HSG A — C D
Sand Sllt Loam/ Sandy Clay Loam Silty Clay Loam
Soil Loamy Sand/ Sandy loam Loamy soil Sandy Clay
Texture Silty Clay
Peat

(Source: Author, 2015)
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Table 6. Assigned and normalized weights for each factor with their classes for the delineation
of Flood hazard risk zone of Busu catchment.

0.10. Thus it assumes that t

assigned are consistent enough. The co
rank or percentage influence for each factor is also presented here. After generating, evaluating
and normalising all the factors with their classes, the thematic layers were overlaid using
weighted overlay tool in ArcGIS 10. The final result obtained after the reclassification is
illustrated in Figure 5.
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2 Low risk Zone 38.7 2.97
3 Moderate risk zone 647.69 49.63
4 High Risk zone 566.65 43.42
6 Very High Risk Zone 52.09 3.99

Source: Author, 2015
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3.6 Quantitative Validation with PGIS and confusion matrix

Validation of results was done in a quantitative manner through applying innovative method of
Participatory GIS (PGIS) and then analysing the results using confusion matrix (Table 8) to
compute the accuracy (Daniel et al 2015). The approach was: several sites were visited and at
each site the local inhabitants along or near the Busu River were interviewed. Within the
discussion the locals were asked to classify the spot into four flood hazard classes as indicated on

the map according to their view_ .os—umnderstane of-the.flood hazard intensity from their
experience. / N
o
The sites visited areg-ltustrated.i F%e 68ThSsitedvis 108€_located in existing
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Table 8. Confusion matrix for assessing observed base decision
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Table 8 highlights the obscrvatiens mad basgn M trip a ap. Field observations also

depended on local knowledge o the river. Observations based on
the map (Figure 5) reflect the risk zones generated by the researcher. It was found out that 7 sites
are correctly classified as “Very high risk zones” according to the observation done, 8 sites are
classified as “High”, 3 sites are classified as “Moderate” and 1 site was classified as “Low”.
Based on the off-diagonal cells, one site was classified as “Very high risk zone”; however in it is
a “Low risk zone”.
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4. Conclusion

The process of assessing the morphological or geographical factors of a river basin can enhance
our understanding of how flooding actually gets triggered. Table 6 in this paper explains every
individual assessment that was carried out to produce flood hazard map. Thus flood hazard
mapping is an important component of land use planning in flood plain areas. It creates easily-
read, rapidly-accessible charts and maps, which facilitate de01s1on -making by administrators and
physical planners to identify areas of+tskand prieritiset 1t1gat10n or response efforts (Duan

et.al 2009). With regards to-the T nt s he resear adings can be very useful when
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