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ABSTRACT
The groundwater investigation in Papua New Guineais  groundwater, which constitutes about 97% of all liquid
a complex taskdue to the har rock terrain structure. freshwater potentially obtainable for human use (Foster,
To overcome this complexity, the integrated approach 1998).
based on advanced applications of remote sensing and
Geographical Information System (G@S) lends itself to  To investigatethe ground water directly from theefd is
evaluate groundwater prospective zone based on multi very costly, timeconsuming and requires skilled manpower
criteria decision making approach (e.g.geomorphology, (Sander et al., 1996). In contraspacetechnology, with its
lithology, soil type, elevation, land slope, drainage advantages o$patial, spectral and temporal availability of
density, inundation type, land use and vegetation A  datacovering large and inaccessible areas within a short
probability weightage index overlay method was adopted time, has appearedas a very valuable tool for the
that allows a linear combination of probability weights  assessment, monitoring and managemengrotindwater
of eachthematic map with the individual impact value  resources (Jha et al., 2007).
using Bayesian statistics. These capability values are
then multiplied with the respective probability weight of  However,groundwater cannot detectlirectly from remote
each thematic map Analysis of groundwater potential sensors the presence of groundwater is inferred from
zones shows that the very high grawdwater potential  different surface datures derivedrom satellite imagery
zones constitute 4.29% of the Morobe province. The such as geology, landformsoils, land usédnd cover,
regions were mainly comprises on some small pocket of surface water bodiesetc., which act as indicators of
north-eastern western region of the province.The groundwater existence Nag and Lahiri, 2011;
hydrologic parametersbased groundwater potential Chidambaram et al., 201®&alantari et al., 2010Jha and
zone map also indicated]15.71% of the study area was Peifer, 2006). In the past, several researchers have used
classified as havinghigh potential, 37.18% moderate = Geoinformatics techniques forthe delineation of
potential and 42.84% low potential. This study also groundwater potential zone withsuccessful results
provides a methodological approach for an evaluation of (Krishnamurthy et al., 2000; Shahiéd al., 2002 Khan and
the water resources in hard rock terrain and enables an Moharana, 2002; Jaiswal et aR003; Raoand Jugran,
opening of the scpe for further development and 2003; Sikdar et al., 20048ener et al., 2005; Ravi Shankar
management practices. and Mohan, 2006Solomon and Quiel, 2008 different
parts of the worldHowever,to date, there are no studies
Keywords: Remote Sensing, GIS, Land use/land cover, have been carried out ingeneral to demarcate the

Soil, Geomorphology and Hydrology groundwater poterdlity in particular In these studies, the
commonly used thematic layers are lithology,
I. INTRODUCTION geomorphologyrainfall, drainagedensity soil, vegetation

In view of vital demandof water for both agricultural and cover, elevation, land use/land covéype of inundation
industrial use, the need to develop grdwater resources to areaand topographic slope.

the maximum possible extent has gained importance.

Therefore, to delineate theparameters governing Therefore, the presestudyan attempt has been matte
groundwaterresourcesand assessment so as to predictdemarcate the groundwater potential zone in the Morob
groundwater potential is essential for planning andprovince by considering suitable thematic layers that have
developing this resourcedf the 37Mkni of freshwater direct or indirect control over groundwater occurrence
estimated to be present on the earth, about 22% exists &sing Geoinformatics technology.

Il. STUDY AREA

This work attempts to develop index model to determinerain falls yeafround. While Port Moresby, the capital, and
groundwater potential zone in Morobe province of Papuaother towns on the coast are quite hot in the summer
New Guinea. The study area is bounded within' B€6to  months, temperatures areonsiderable cooler in the
148 E longitude and 5o 8 S latitude. Highlands. The climate of PNG is dominated by three
Papua New Guinea's climate is tropical, as oramuleh  factors. These ardi) the equatorial low pressure and sub
expect in a country located just south of the Equatortropical high pressure, (ii) the influence of ocean and (iii)
December to March is the wet season, although occasiongte influence of altitude.
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Figure 1.Location map ofhe study area

1. MATERIALS AND METHOD S

Generation of Thematic Layer Integration of thematic layer

In order to differentiate the groundwater potential zone inThe thematic layers of lithology, geomorphology, sail,
the study area, a multiparametric dataset comprisinglevation, slope, rainfall, inundation type, land use/land
satellite data, and conventional maps$ncluding cover, vegetation status and drainage density were used for
topographical sheetswere used. Landsat Enhanched the delineatiorof groundwater potential zone in the study
Thematic MapperPlus (ETM+) data collected from the area. To differentiate development zones, all these thematic
GLCF community has been used for the preparation ofayers were integrated using ARC GIS v9.1 software. The
thematic maps of drainage density dadd use/land cover weights of the different themes were assigned on a scale of
respectively. Topographical maps (1:250000)were 1 to 9 based on their influence oihet groundwater
collected from tk official web site of University of Texas development. Different features of each theme were
Libraries, Austin Further, the thematic lasg of geology,  assigned weights on a scale of 1 to 7 according to their
geomorphology, soil anihundationwere prepared from relative influence on groundwater development. Based on
existing maps obtained from tHeNGRIS databaseThe  this scale, a qualitative evaluation of different features of a
drainage density map was generated by intafimgi spatial  given theme as performed, with: very poor (weight = <1);
distribution of drainageiver across the area in the ARC poor (weight=12); moderate (weight =i3); good (weight

GIS software. Rainfall was estimated by interpolating= 3-4.5); very good (weight =-6); and excellent (weight =
between the point data from the rainfall station network.6-7). Thereafter, a pairwise comparison matrix was
Vegetation health map of the study area was generated fromonst ruct ed wusi ng etafthey pr&asat y 6 s
the Landsat EM+ data using normalized difference (Saaty, 1980) to calculate normalized weights for individual
vegetation index (NDVI) techniqué&sémanta et al., 2012 themes and their features. By integrating different thematic
One of the most widely used digital elevation model (DEM)maps such as lithology, geomorphology, soil, rainfall,
data sources is the elevation information provided by theslevation, slope, inundation area, drainage density, land use
shuttle radar topography mission (SRTM) (@bitet al. and vegetation in Arc view 3.2a software using weightage
1996), but as with most other DEM sources, the SRTM daténdex overlay analysis, the groundwater potential zone was
requires significant levels of pygocessing to ensure that found out and classified as very good, good, moderate, poor
there were no spurioastefactdn the data that would cause and very poorGIS modelling technique of index overlay
problems in later analysis such as pits, spikes and patchesethod was then used taopuce groundwater potential

of no data (Dowdinget al.2004). In the case of the SRTM map. In this modelling method the map classes occurring in
data, these patches of no data were filled, preferably witleach input map are assigned by different scores, in addition
auxiliary sources of DEM data, like topographical maps. to the maps themselves receiving weights. The average
All the digitized coverages were spatially organized in thescore is then defined by using the formula (BorhameZa

GIS environment with theane resolution and coordinate 1994)

system. The checking of these spatial maps was done with

respect to other database layers by the overlaying S =W/ SEW

technique, and refined mutually as part of standardizatioWwhere S is the weight score of an area object (polygon,
of the database. The errors due to digitization andpixel), W, is the weight for they input map and Sis the
mismapjing were removed in this process. rating score of thejclass of they map.
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IV. RESULTS AND DISCUSSION

Thematic layer of Morobe province geomorphological characteristics were divided into three
The detds of geomorphology, lithology, soil type, major groups according to the dominant geomorphic
elevation, land slope, drainage density, inundation typeprocesses by which they were formed, e.g., depositional
land use and vegetation together with their spatialandforms, erosional landforms and volcanic landforms

distribution in the study area are presented below. (Loffler 1974) Most of the area (71.29%) is covered by
mountains and hills with weak or no structural contfdie
Geomorphology detail of the geomorphological characteristics of the study

It is well known fact that the gearphological areais shown in tablednd figure 2The geomorphological
characteristics of an area affect its response to anit such as floodplains, alluvial plaineathe good sources
considerable extent of groundwater occurrence. Thuspf ground water of the study area, whereas, structural
linking of geomorphological parameters with hydrological plateau, hilly terrain, volcanic landform are poor recharge
characteristics of a basin provides a simple way tazones.

understand  their  hydrological behaviour. The

Table 1 Geomorphological characteristics of the study area

Geomorphology Type Area(in km?) % covered Rank
Mangove swamps 9.4 0.03 4
Beach ridge complexes and beach plains 31.29 0.09 1
Raised coral reefs and associated black reef plains 451.4 1.34 2
Composite alluvial plains 357.38 1.06 7
Meander floodplains: unstable alluvial floodplain 148.68 0.44 6
Back phins 81.4 0.24 2
Back swamps 205.64 0.61 2.5
Undifferentiated swamps 327.2 0.97 2.5
Braided floodplains or bar plains 335.74 1.00 3.5
Composite bar plain and alluvial fan complex 323.55 0.96 4
Little dissected recent alluvial fans 1290.2 3.84 5
Littl e dissected or undissected relict alluvial, colluvial mudflow or fans 75.84 0.23 3
Dissected relict alluvial, colluvial mudflow and fans 807.7 2.41 4.5
Little dissected volcanic footslopes and volcatiovial fans 452.11 1.35 4
Volcanagalluvial plains 54.41 0.16 3
Structural plateau (SP) 1209.68 3.60 1
Finely dissected sloping erosional surface with structural control 1220.69 3.64 2
Hilly terrain with weak or no structural control 789.58 2.35 1
Mountains and hills with weak or no structural control 23936.19 71.29 1
Mountains and hills associated with relict surfaces with weak or no 2
351.1 1.05
structural control
Homocllnal_rldges and cuestas: inclined asymmetrical structurally 599 17 178 1
controlled ridges
Strike ridges and hogback ridges: gtegharp crested structurally 1
; 43.51 0.13
controlled ridges
Polygonal karst: plateaux or broad ridges on limestone covered with 3
) 12.05 0.04
numerous rugged hills
Volcanic cones and domes 449.38 1.34 1
Lake 13.46 0.04 6
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|_| Finely dissected sloping erosional surface with structural control )
- Hilly terrain with weak or no structural control . TawaelSiassi
- Homoclinal ridges and cuestas: inclined asymmetrical structurally control -
- Little dissected or undissected relict alluvial, colluvial mudflow or fans

I:l Mountains and hills associated with relict surfaces with weak or no structural control

z

- Polygonal karst: plateaux or broad ridges on limestone covered with numerous rugged hills
- Raised coral reefs and associated black reef plains

|:| Strike ridges and hogback ridges: steep, sharp crested structurally control

- Dissected relict alluvial, colluvial mudflow and fans

|:| Compaosite bar plain and alluvial fan complex ‘ r‘ :

- Beach ridge complexes and beach plains
- Braided floodplains or bar plains
- Composite alluvial plains

- Structural plateaux
|:| Undifferentiated swamps

- [ Volcanic cones and domes
> - Volcano-alluvial plains

Geomorphological
characteristics

- Back plains
- Back swamps
- Lake

|:| Little dissected recent alluvial fans

- Little dissected volcanic footslopes and volcano-alluvial fans

- Mangrove swamps

|:| Meander floodplains: unstable alluvial floodplain

- Mountains and hills with weak or no structural control
Figure 2. Geomorphologicafap of the study area
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Lithology

In the present studyl9 types of lithological characteristics recognised are sedimentary rocks, metamorphic rocks and
have been considered to understand the distribution andgneous rockswithin the study siteHowever, 59.47% area
occurrence of groundwater (table 2). The classification oftovered by te Mixed or undifferentiated sedimentary,
rock type was adapted from Loffler (1974), dadased on limestone, low grade metamorphic and basic to
simple criteria, such as origin, composition and grain sizentermediate volcanic rocksThe lithological ma of the

of parent material. The three main rock type categoriestudy area is shown in figure 3.

Table 2 Lithological characteristics of the study area

Lithology types Area(in knv) % covered Rank
Lake-water 13.46 0.04 5
Coarse grained sedimentary 2497.74 7.44 6
Mixed or undifferentiated sedimentary 3809.05 11.34 4
Mixed sedimentary and limestone 127.4 0.38 5
Limestone 5699.1 16.97 5
Low grade metamorphic 6338.51 18.88 2
Mixed sedimentary and volcanics 1995.66 5.94 3
Basic to intermediate volcanic 4123.34 12.28 1
Intermediate to acid volcanic 264.51 0.79 1
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Mixed or undifferentiated volcanic 139.51 0.42 1
Acid to intermediate igneous 1573.34 4.69 1
Basic igneous 1510.93 4.50 1
Ultrabasic 955.03 2.84 1
Mixed or undifferentiated igneous 28.63 0.09 1
Pleistocene sediments 816.65 2.43 3
Alluvial deposits 3136.68 9.34 7
Marine sand 31.29 0.09 7
Estuarine deposits 9.4 0.03 6
Pyroclastics 506.52 1.51 2
N

Tawae/Siassi

. O

TawaelSiassi

Markham

Finschafen

o
|:| Intermediate to acid volcanic

l:l Mixed or undifferentiated volcanic
l:l Acid to intermediate igneous rock

I:l Basic igneous rock
|:| Ultrabasic igneous rock
I:l Mixed or undifferentiated igneous
|:| Pleistocene sediments
|:| Alluvial deposits
A{E‘Fﬁ. I:l Marine. sand .
E T |:| Estuarine deposits
: |—| Pyroclastics

Lithological
Characteristics

I:l Lake-water
|:| Coarse grained sedimentary
I:l Mixed or undifferentiated sedimentary
|:| Mixed sedimentary and limestone
I:l Limestone

|:| Low grade metamorphic

l:l Mixed sedimentary and volcanics
l:l Basic to intermediate volcanic

Bulolo

Figure 3. Lithological map of the study area

Elevation

The topography of this region varied fromd094m(figure divisions ranging from €50to > 1500 m. It is found that a
4).The highest elevation zone was found in northern andotal of 11882.25km* (35.3%) area is lying>1500m
southern part of the province while, lowest elevationcontour lineThe detail of elevation characteristasd their
observed in the nortbentral and coaat part of the study arealextentof the study areareshown in table 3.

area. The entireregion is divided into as many a3
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Table 3. Elevation characteristics and their areal extent of the study area

Elevation Rangém) Area (n km?) % covered Rank
<250 5303.743 15.80 7
251-500 3475.537 10.35 6
501- 750 3375.87 10.05 5
7517 1000 3354.656 9.99 4
10017 1250 3117.998 9.29 3
12517 1500 3066.701 9.13 2
>1500 11882.25 35.39 1
Q Tawae/Siassi

(Elevation in Meters)

. High : 4094

Figure 4. Digital relief mapof the study area based on SRTM data and toposheet
Slope

Slope of a surface refers to change in height across awregioegion causes more runoff and less infiltration and thus has

of surface. Slope is an important factor since it affects langhoor groundwater prospects compared to the low slope
stability. Slope map was prepared from SRTM data asegion. Conversely, the area with <10° is considered as
shown in figure5. However, the slope of the study areais6gooddé for groundwater storacg
ranged from 089.72°. Steepslope was found mainly in topography with eme runoff. The area with a slope of
northhwest part of the mvince, some tracts were also 10%20° causes relatively high raff and low infiltration,
persisted in south east and central region. In the northand hence is categorized as
central area has flat topography, some tracts were alsbat egori zed as O6poor-0ff wdthine t o
found in northern part of the province. Most of the part is aghe study siteTable 4 shows thselope characteristics and

hilly terrain havingmoderate testeep slope. A gh sloping  their percent of area covered by each of the category.
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Table 4. Slope characteristics and their percent of area covered by each of the category

Slope Description Area (in knf) % covered Rank
<5 Very gentle 4921.556 14.66 7
5-10 Gentke 3793.461 11.30 6
10-15 Low moderate 5190.639 15.46 5
1520 High moderate 5766.006 17.17 4
20-25 Steep 5318.776 15.84 3
2530 Strongly steep 4068.262 12.12 2
>30 Very steep 4518.055 13.46 1

Soil

(Slope in degree)

- High : 89.72

B Low: 0

% A

Figure 5. Slope mapf the study area based on SRTM datd toposheet

The thematic layer on soil (Figure 6) for the study areakm?) and troporthents (7039.83 Ryrsoils with other soil
reveals twenty main soil classes: lake, hydraquentstypes covering relatively small areg¥able 5) These
ustifluventsiwenty soil classes can be categorized isvenclasses

fluvaquents,
tropothents,
dystrandepts,

dystropepts, rendolls, haplustolls, hapludollaplustalfs,

ustipsamments, tropofluvents,
cryorthents, ustorthents,
haitropepts,  ustropepts,

eutrandepts) e x ¢ e | 6l veenrcye 6g o 0o d 6 ,

eutropepts, | o wvwd,0,0 raon d

and tropudalfslt is evident from Figure 6 that the majority
of the study area is dominated bymitropepts (9172.73

dgnoadkd.at @m

0 wceording tp ther mfuence on

groundwater occurrence.
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Tawae/Siassi

" Soil Type
[ ] cryorthents [ Hapludolls
- Dystrandepts - Haplustalfs
- Dystropepts - Haplustolls
- Eutrandepts |:| Humitropepts
l:l Eutropepts l:l Hydraguents
l:l Fluvaquents l:| Lake

- Tropofluvent
[ Troporthents
- Tropudalfs
- Ustifluvents
[ ustipsamments|
|:| Ustorthents
. - Ustropepts

Figure 6. Soil characteristics of the study area based on PNGRIS data base

Table 5. Different soil type found in thlorobe Province

Soil Type Description Area | % covered| Rank
Lake Water body 13.46 0.04 5
Hydraquents Permanently aturated, undifferentiated soils which are soft underfi 6

x 4 458.43 1.37
and mainly fine textured
Fluvaquents Poorly drained, undifferentiated soils with high (>0.2%) or variable 4
4 436.19 1.30
organic C contents to > 125cm
Ustipsamments | Well to imperfecty drained undifferentiated sandy soils subject to 3
’ 309.03 0.92
seasonal moisture stress
Tropofluvents Mainly well drained undifferentiated soils with high (>0.2%) or 5
X 479.69 1.43
fluctuating org C to > 125 cm
Ustifluvents Mainly well drained undifferetiated soils subject to seasonal 3
. ; 23.27 0.07
moisture stress and var org C with depth
Troporthents Undifferentiated, mostly shallow soils typically found in wet climat| 7039.8 20.97 3
on moderate to steep slopes 3 )
Cryorthents Undifferentiated mostly stiaw soils found in cold climates on 1
628.72 1.87
moderate to steep slopes
Ustorthents Undifferentiated , mostly shallow soils which are subject to seaso| 2188.5 6.52 5
moisture stress 8 i
Eutrandepts Slightly weathered ash soils with high (>50%) sulssBif values and 3
X . 893.15 2.66
thick black topsoils
Dystrandepts Moderately weathered ash soils with low (<50%) subsoil BS valug 7.21 0.02 2
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and thick black topsoils

Humitropepts Moderately weathered soil@ting high org carbon conter{ts12 9172.7 6
) 27.32
kg/m2) andow subsoil BS values 3
Ustropepts Slightly to moderately weathered soils with weathered, mostly 4
; : : 124.98 0.37
shallow (<1m) soils subject to seasonal moisture stress
Eutropepts Slightly to moderately weathered soils with an altered B baremd | 2763.9 8.23 7
high (>50%) subsoils base saturation values 6 )
Dystropepts Moderately weathered soils with altered B horizons and low (<50¢ 6
: ) 5292.3 15.76
subsoils base saturation values
Rendolls Shallow, dark, weakly acid to neutral soils formedcattareous 2168.7 6.46 1
parent materials 9 )
Haplustolls Weakly acid to alkaline soils with thick, dark topsoils and subject 535.1 159 2
seasonal moisture stress ' '
Hapludolls Weakly acid to alkaline soils with thick dark topsoils and high (>5( 3
) 192.1 0.57
base safration levels
Haplustalfs Moderately weathered soils subject to seasonal moisture stress a 295 8 0.88 2
having finer textured subsoils ' '
Tropudalfs Well to imperfectly drained, moderately weathered soils with finer 553 43 165 7

textured subsoils

Rainfall

The water thle of an area is mainly controlled by variations world. A few lowland areas are drier with arah rainfall of

in groundwater recharge, discharge and rainfall (Todd|ess than 1000mm. In contrast large areas of upland regions
1980). Rainfall is the most vital input in the hydrological have average annual rainfall in excess of 4000mm. The
cycle and fluctuations in quality and distribution strongly Morobe province hasbeen divided into six rainfall zones
influence surface and stgurface water sourceBart of the  (Figure 7). Out of the total area, 200B000 mm rainfall

rain water, which falls on the ground, is infiltrated into the zonecoveed 23493.1km? (69.97% of the statelOn the

soil. This infiltrated water is utilized partly in filling the soil other hand, highest rainfall zone was found on redstern
moisture deficiency and part of it is percolated downpart of the state and a small pocket was also delineated
reaching he water table. This water reaching the watersouthwestern part of the study area; whereas, lowest
table is known as the recharge from rainfall to the aquiferrainfall zone wagerseveredn the catral part of the study
The high average rainfall ranging from 2000mm to area.

6000mm ranked to be one of the wettest regions in the

Table 6. Average annual rainfall characteristics of the study area

Rainfall Area % Covered Rank
1000- 1500 mm 1034.41 3.08 3
1500- 2000 mm 3314.36 9.87 4
2000- 2500 mm 14125.5 42.07 5
2500- 3000 mm 9367.61 27.90 6
3000- 3500 mm 1894.11 5.64 6
4000- 5000 mm 3840.74 11.44 7

Drainage density

The quality of a drainage network depends on lithology, (i) 0i 0.18&m; (ii) 0.18/ 0.49 km; (iii) 0.49'0.75 km; (iv)

which provides an important index of the percolation rate.  0.751.11; and (v) >1.11kmAccordingly, these classes
Drainage density measurements have been made in the have been assignédv e r y  @uerypdodo rt6o c at e gc
study aiea, and range from@2 km to 1.8 km (Figure 8) respectively. Most of the study area ¥¢d0has a drainage

The drainage density map for the study area is shown in  density of 0.49 0.75 kn?f (Table 7)

Figure 8. Based on the drainage density of the study area,

it is grouped into five classes using geometric intervals

Table 7. Drainagedensity categories in the study area

Drainage density (kf Area (in knf) % covered Rank
<0.18 6720.413 17.96 3
0.18-0.49 5129.503 13.71 4
0.49-0.75 13577.19 36.29 5
0.75-1.11 7531.289 20.13 6
>1.11 618.3638 1.65 7
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Figure 7. Rainfall digribution map of the study area Figure 8. Drainage density map of the study area

Land use/ land cover

For the identification and interpretation of the damse grass land, crop land and urblailt up region(Figure 9)
pattern of areaimage interpretation through remote Out of the total area 517% is falling under evergreen
sensing data eleven land cover classedelineated needle leaf forest. 23.46% area is covered by mixed forest

includes waterbody, evergreen needle leaf forest, in this region. Moreover, waterbodyyoodland grass
deciduous needle leaf forest, mixed forest, woodland, land, crop land and urbasuilt up region covered only
woodland grassland, closed shurbland, open shurbland, 0.73% of the study arg@able8).

Table 8 Land use/landover class statistics according to classification

Land use/land cover class Area % cover Rank
Waterbody 9.53 0.03 7
Evergreen needle leaf forest 17181.93 51.17 5
Deciduous needle leaf forest 1628.025 4.85 5
Mixed forest 7878.14 23.46 6
Woodland 3456127 10.29 6
Woodland grassland 86.85004 0.26 4
Closed shurbland 778.4546 2.32 3
Open shurbland 1955.211 5.82 2
Grass land 452.5988 1.35 2
Crop land 135.7796 0.40 6
Urban and built 13.45564 0.04 0

Vegetation

Classification of groundwater interamtis with the surface obvious in desert environments (Nichols 1994@getation

(i.e., recharge vs. discharge areas) using classification afanopy cover data set was generated from satellite images
indicator vegetation is straightforward in concept but can beising a hybrid maximurNormalizedl Differential
tricky in practice. Vegetation may respond slowly to groundVegetation Index (NDVI) and minimwred compositing
water flow changes and are constantly in a state ofechnique (Figure 10) However, the vegetation
transition. The relationship between the presence otharacteristiof Morobe province has been categorized into
phreatophytes and shallow water tables is particularlyfive categoriess shown in Table 9.
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