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Introduction and Problem Statement

❖The Challenge: Water is essential for life, yet fresh surface water is scarce in  

low-rainfall areas of Papua New Guinea.

❖The Need: Groundwater is essential, but traditional Vertical Electrical  

Sounding (VES) surveys are costly and labor-intensive.

❖The Solution: While VES surveys are accurate but costly, Remote Sensing  

and GIS offer a cheaper, less labour-intensive alternative for groundwater  

mapping.



❖Location:Kairiku District is located at  

8°50′38.4″S, 146°40′48″E.

Geography:Coastal areas have low-density  

forest, grassland, and shrubland; inland areas  

have dense forest and higher elevation.

❖Environment:Annual rainfall ranges from  

1000–4500mm, contain major rivers  

likeAngabanga and Tauri.

❖ Population: 77,035 (2024 census).

❖Connected to Port Moresby via Hiritano  

National HighwaGroundwater is essential, but traditional

Vertical Electrical Sounding (VES) surveys are costly and labor-

intensive. Groundwater is essential, but traditional Vertical  

Electrical Sounding (VES) surveys are costly and labor-

intensive.y.

Study Area



Primary Aim: To investigate and map Groundwater Potential Zones(GWPZ) using GIS and  

Remote Sensing

Key Objectives:

❖Identify and analyze thematic layers (lithology,geomorphology,slope,soil,elevation,drainage  

density,NDVI,landuse landcover and inundation).

❖Model GWPZ using Multi-Criteria Decision Analysis (MCDA) and theAnalytical  

Hierarchy Process (AHP).

❖Validate the model against existing Mineral Resources Authority (MRA) resistivity data

Research Aim & Objectives



Methodology Overview



Data Layers Description Scale/Resolution Year Source

Geomorphology/Landform PNGRIS 1:500 000 1995 PNGRIS

4.Vegetation health Landsat 7 30m 2025 USGS

Soil type PNGRIS 1:500 000 1995 PNGRIS

Rainfall data PNGRIS 1:500 000 1995 PNGRIS

Land use and Landcover Landsat 7 30m 2025 USGS

Digital Relief (elevation) DEM 90m 2025 PNG Lands & Survey Department

Slope DEM 90m 2025 PNG Lands & Survey Department

Drainage Density DEM 90m 2025 PNG Lands & Survey Department

Inundation PNGRIS 1:500 000 1995 PNGRIS

lithology PNGRIS 1:500 000 1995 PNGRIS

Table showing the data and their source for groundwater delineation.



Multi-Criteria Analysis

97

Inundati 4

on

4/8 4/7 4/5 4/5 4/7 4/5 4/6 4/4 4/7 4/4

55

0.0689655

17

Total 7.25 8.286 11.6 11.6 8.286 11.6 9.667 14.5 8.286 14.5 1

❖ Multicriteria Analytical hierarchy Process
❖ Pairwise Matrix table was used in

Factors Assigne

d

weight

Lithology Rainfall Soil Slope Drainage

Density

Vegetatio

n (NDVI)

LULC Elevation landform Inundatio

n

Normaliz

ed

Weight

calculating weightage for each parameters Lithology 8 8/8 7/8 8/5 8/5 8/7 8/5 8/6 8/4 8/7 8/4 0.1379310

34

Rainfall 7 7/8 7/7 7/5 7/5 7/7 7/5 7/6 7/4 7/7 7/4 0.1206896

55

• Factor Weighting: Ten parameters Soil 5 5/8 5/7 5/5 5/5 5/7 5/5 5/6 5/4 5/7 5/4 0.0862068

97

were ranked, with Lithology
(0.138) and Rainfall (0.121)

Slope 5 5/8 5/7 5/5 5/5 5/7 4/5 5/6 5/4 5/7 5/4 0.0862068

97

receiving the highest weights.
Drainage

Density

7 7/8 7/7 7/5 7/5 7/7 7/5 7/6 7/4 7/7 7/4 0.1206896

55

• Consistency: The analysis achieved
Vegetatio

n (NDVI)

5 5/8 5/7 5/5 5/5 5/7 5/5 5/6 5/4 5/7 5/4 0.0862068

a Consistency Ratio (CR) of 0, LULC 6 6/8 6/7 6/5 6/5 6/7 6/5 6/6 6/4 6/7 6/4 0.1034482

76

indicating a perfectly consistent

pairwise matrix (using Saaty’s
Elevation 4 4/8 4/7 4/5 4/5 4/7 4/5 4/6 4/4 4/7 4/4 0.0689655

17

landform 7 7/8 7/7 7/5 7/5 7/7 7/5 7/6 7/4 7/7 7/4 0.1206896

Pairwise Matrix

Random Index of 1.49 for n=10).

• Formula: GWP=∑(Wi⋅Xi).



Rank Parameter Weighta

ge

Reason for rank

8 Lithology 0.138 Governs permeability and storativity of water(colluvium and cast carbonate  

highest while shale lowest. Types of rock and soil determine how easily water  

can move and stored

7 Rainfall 0.121 Primary driver of recharge of groundwater

7 Landform 0.121 Alluvial plains, flood plains,beaches,ridge plains often host productive  

aquifer-Hills and mountains favour run off

7 Drainage  

Density

0.121 Low drainage density often correlate with infiltration and potential  

recharge-high drainage density suggest fast run off and less recharge

6 Land use  

landcover

0.103 Urban areas block water infiltration forest areas allows recharge

5 Soil 0.086 Control infiltration-sandy/loamy soil let water soak, clay and salty soil block water

5 Vegetation 0.086 Plants helps protect soil but use up water

5 Slope 0.086 Steeper slope increase runoff and reduce infiltration, gentle slope favours recharge

4 Elevation 0.121 Higher elevation affects water flow

4 Inundation 0.121 Brief inundation supports recharge,-permanent/tidal flooding brings salts  

and stop infiltration













Validation and Field Findings

• Kubuna Station: VES01 (aquifer at 6.67–40.96m) and VES02

matched a "Very Good" zone

• Manumanu Village: ManuVES01,ManuVES02 and ManuVES03

matched Good Zone

• Detected brackish groundwater at shallow depths (1.3–3.1m); these

sites generally fell within "Moderate" to "Poor" zones.

• Verification: Comparing the map with resistivity data provides  

confidence in the GIS model's accuracy.



Kubuna Station VES surveyresult

Manumanu VES surveyresult



Pictures of the shallow hand-dug wells

Kubuna

Manumanu



Conclusion & Significance

• Impact: The study provides a practical guide for hydrogeologists to plan  

detailed investigations and identifies sites for community water pumps.

• Community Benefit: Supports agriculture and strengthens resilience against  

water scarcity.

• Future Work: Recommendation to further validate the map with future  

borehole data
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