
Town Electrification Investment Program (RRP PNG 41504) 
 

CLIMATE CHANGE ADAPTATION RISK EVALUATION  
 

I. INTRODUCTION 
  
1. This Climate Change Adaptation Risk Evaluation has been prepared for the “Papua New 
Guinea (PNG): Town Electrification Project”. In the initial analysis undertaken in the 2009 Pacific 
Climate Change Implementation Plan (CCIP), 1

 

 PNG has been assessed as 'climate sensitive'. 
This risk evaluation for Tranche 1 of the Town Electrification Investment Program (Investment 
Program) assesses the risk associated with climate change to the proposed infrastructure and 
discusses measures incorporated in design to address these risks.   

II.  DESCRIPTION OF THE PROJECT 
 
2. Tranche 1 of the Investment Program will consist of construction of 2 hydropower plants 
and one transmission interconnection, as summarized in Table 1: 

 
Table 1: List of subprojects 

 
Location Subproject Estimated Installed 

Generation Capacity  
Transmission 

Lines 
Popondetta, Northern Province Divuni River Hydropower 

Plant 
3.0 MW 85km 

Kimbe, West New Britain Lake Hargy Interconnection    150km 
Buka, Bougainville  Ramazon River Hydropower 

Plant 
3.0 MW 50km 

 
3. The hydropower sites will be run of the river and will not include dams and compounded 
reservoirs. Each hydropower site will include construction of the following: (i) access roads, (ii) 
diversion weir, (iii) canals, (iv) head pond, (v) penstock, (vi) hydropower station, and (vii) 
transmission lines.   

 
III. DESCRIPTION OF THE PROJECT’S SENSITIVITY TO CLIMATE 

 
A. Climate Sensitivity of the Project 

 
4. PNG with an area of 463,000 square kilometers is the largest of the Pacific Island States, 
and is one of the most exposed to hazards and potential impacts of climate change 2

 

. It 
encompasses more than 17,000 km of coastline and 600 islets and atolls. The main islands are 
volcanic in origin with rugged interiors up to an elevation of 4496 m. Over 80% of the population 
live in rural environment and have traditionally been susceptible to extremes of climate (rains 
and droughts) related to El Niño-Southern Oscillation (ENSO). PNG experienced prolonged 
drought in 1997/98 that led to very low agricultural productivity (crops for both food and cash), 
and issues related to depleted water resources. PNG is particularly prone to natural disasters 
including earthquakes, volcanic eruptions, tsunamis, cyclones, river and coastal flooding, 
landslides and droughts. With almost 2,000 coastal villages the population is vulnerable to sea 
level rise and other weather-related manifestations of climate change. 

                                                
1 Climate Change Implementation Plan, Pacific Islands Region, 2009-2015, ADB. 
2 Reducing the Risk of Disasters & Climate Variability: PNG Assessment, GFDRR, The World Bank, SOPAC. 
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5. The proposed project sites are located at Kimbe, West New Britain; Popondetta, Oro 
Province and Buka, Bougainville. The hydro systems will be run-of-the-river hydropower plants, 
which are normally suitable for rivers with steady natural flows with little or no storage capacity.  
 
6. In PNG, temperatures are expected to increase up to the year 2050. Average rainfall is 
projected to increase in the future with models indicating a change from +2.2% to +18.9% over 
the 2000 values. Scenarios of increase in annual precipitation and average temperature can 
lead to frequent floods, landslides and sedimentation, disability of flood control and deterioration 
of water quality.  Nevertheless, because of ENSO influence, rainfall will still be characterized 
with high variability with decreased runoff and increased evaporation from rivers during summer 
and wetter conditions during the rainy seasons. A recent study 3

 

 from National Agriculture 
Research Institute warned of a severe El Nino induced drought in 2012 which may last up to 18 
months. Climate change and the alteration of rainfall and temperature regimes can affect 
hydropower generation. Hydropower systems with no storage capacities are more vulnerable to 
climate change, as storage capacity provides more flexibility in operations.  

B. Analyses of Climate-related Risks 
 

7. A climate risk analyses has been undertaken to assess potential impacts on the 
proposed hydropower plants to be financed under the Investment Program. Possible damages 
are listed for the climate-related risks that may affect the project. These are analyzed according 
to the probability or likelihood of occurrence and the possible nature of the consequences. 
These are presented in the Table 2. 
 
8. Climate projections4

 

 for 2050 are shown in Table 2. Temperatures are expected to rise 
steadily in the early through to the middle of the 21st century, especially outside of the wet 
season. Precipitation changes are less certain, as indicated by a wider range of values in Table 
2, however floods and droughts are anticipated to increase in intensity between now and the 
middle of the century. 

Table 2: Climate Projections  
(2050 Projections) 

 
Temperature Rainfall Weather Extreme Climate Extreme 
HADCM2 +1.2 C 
CSIRO9M2 +1.3 C 
Dec to Feb: 
+0.8 to +1.6 C 
Jun to Aug: 
+0.75 to +1.75 C 

Mean annual: 
HADCM2  +2.2% 
CSIRO9M2  +8.9% 
Dec to Feb: 
-5 to +4% 
Jun to Aug: 
-4 to +6% 

 
Droughts and floods 
intensified 

 
Greater ENSO influence 
on extremes 

    Source: PNG Initial National Communications to UNFCCC, 2000 
CSIRO9M2 - Commonwealth Scientific Industrial Research Organization (CSIRO) Number 9 Model 2, ENSO – El 
Nino Southern Oscillation, HADCM2 - Hadley Centre Model 2,  

 
9. Projected climate change scenarios as presented earlier, tends towards increasing 
rainfall.  This could lead to increased flood risks, particularly during the passage of intense 
tropical storms and typhoons (categories 4 and 5). ENSO’s main influence will manifest through 

                                                
3 National Agriculture Research Institute press release: http://www.postcourier.com.pg/20100506/thhome.htm. 
4 PNG Initial National Communications, 2000; UNDP Country Profile; ALM Project. 
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increased climate variability and extremes, which means that there are more years with higher 
rainfall (and floods) and more years with less rainfall (and droughts). The climate change impact 
analysis is presented in Table 3.  
 

Table 3: Matrix of Climate Change Impacts and Project Design Changes 
 

Potential Impacts Projected Changes 
to year 2050 

Possible Affected 
Components 

Adaptation of Project Design  

1. Increased frequency 
and intensity of 
extreme rainfall events 
resulting in increased 
flooding events  

No estimates of 
increased occurrence 
of floods or extreme 
rainfall events are 
available 
 
Average Rainfall 
increase by +2.2% to 
+8.9% is predicted 

• Damage to 
hydropower intake 
structures through 
high water flow 
events. 

 

• No alteration to design is proposed as 
intake structures are routinely 
designed for maximum flood events.  

 
• During detailed design the design 

flood level will be calculated to allow 
setting of the power station floor at an 
appropriate level.  

 
• A new stream gauge and rain gauge 

be installed to provide long term 
monitoring of hydrological 
characteristics of catchment 

2. Increased return 
frequency and duration 
of droughts resulting in 
periodic reduction in 
streamflow available 
for hydropower 
generation 
  

No predictions for 
increased return 
frequency or duration 
of droughts is 
available 
 
Average temperature 
are anticipated to 
increase  

• Reduced water 
availability may 
impact the sizing of 
the hydropower 
plant  

• A sensitivity analysis was conducted 
to assess the impact of climate 
change on hydropower sizing. The 
sensitivity analysis indicated 
negligible impact on infrastructure 
design (refer Section IV).  

3. Increased 
occurrence of 
landslides  

No estimates are 
available 

• Increased 
sedimentation in 
streamflow 

 
 
• Damage to access 

roads, transmission 
poles, diversion 
canals, penstocks 
and hydropower 
stations.  

• No alteration to design is proposed, 
given that projects are run-of-the-river 
sedimentation behind dam walls is not 
considered to be an issue. 

 
• No alteration to design is proposed. 

Given existing high occurrence of 
landslides and difficulties in predicting 
increases in landslide activity, no 
additional activity will be undertaken 
apart from standard slope stability 
analysis of infrastructure siting.  

4. Increased cyclone 
activity 

No predictions 
available 

• Damage to 
transmission lines  

• No alteration to design proposed. 
Cost of undergrounding transmission 
lines considered to be prohibitively 
expensive.   

Source: Asian Development Bank analysis. 
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IV.  RESULTS OF CLIMATE CHANGE ANALYSIS 
 

10. The climate change analysis was carried out on (i) increased frequency and intensity of 
extreme rainfall events, and (ii) increased return frequency and duration of droughts. Due to a 
lack of data, modelling of the rainfall runoff process in the catchment was not conducted. The 
analysis suggests that the project may be affected by climate risks due to changes in the 
identified climate variables. The most reliable way to characterize the sites would be through the 
use of site-specific data and projections. Currently these are not available but there is an 
expectation that there will be greater modeling (as part of other climate initiatives in the region) 
leading to more accurate projections. Therefore analysis has proceeded based on a sensitivity 
analysis basis.  
 
A. Increased Frequency and Intensity of Extreme Rainfall Events 
 
11. In order to provide an estimate of the impact of climate change on design flood 
magnitudes, a sensitivity analysis was carried out.  This was undertaken by assuming increases 
in rainfall intensities of 10%, 20% and 30%, respectively. Details are provided below. 

(i) Divune Hydropower Project. The analysis indicates that an existing 1 in 50 
year, under the scenario with a 30% increase in rainfall, the average recurrence 
interval (ARI) will increase in frequency and occur on average once every 10 
years. Similarly, for the scenario with a 10% increase in rainfall, an existing 1 in 
50 year ARI event would occur more often, on average once every 30 years. 
Based on the sensitivity analysis5

(ii) Ramazon Hydropower Project. It can be seen from the trends that an existing 1 
in 50 year ARI event, under the scenario with a 30% increase in rainfall, will 
increase in frequency and occur on average once every 10 years.  Similarly, for 
the scenario with a 10% increase in rainfall, an existing 1 in 50 year ARI event 
would occur more often, on average once every 20 years. Based on the 
sensitivity analysis

, the 1 in 100 year ARI design flow at the gauge 
site would potentially increase from 215 m3/s to between 236 m3/s and 279 m3/s. 

6

 

, the 1 in 100 year ARI design flow at the gauge site would 
potentially increase from 151m3/s to between 166 m3/s and 196 m3/s. 

12. The analysis indicates that increased average rainfall intensities significantly impact the 
Annual Return Interval (ARI). This will result in potential impacts on hydropower infrastructure 
such as (i) sizing of concrete intake structures, and (ii) protection embankments for the power 
station located on the river bank. Since intake structures are designed to accommodate 
maximum flood events, the increased design requirements to protect intake structures are 
considered negligible. During detail design the cross section of the river at the relevant power 
station sites will be surveyed and flood levels estimated, incorporating conservative estimates 
for potential climate change impact.  
 
 
 
 

                                                
5  GHD, PPTA 7113-PNG: Preparing the Town Electrification Project, Draft Final Report, Table 5 – Potential Impact 

of Climate Change on Design Floods, Appendix 1: Divune. 
6  GHD, PPTA 7113-PNG: Preparing the Town Electrification Project, Draft Final Report, Table 4 – Potential Impact 

of Climate Change on Design Floods, Appendix 5: Ramazon. 
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B. Increased Duration of Droughts 
 
13. Due to the lack of data regarding increases in return frequency and duration of drought 
events, the sensitivity of the project was assessed by analysing the impact from a long term 
reduction of 5% in the mean rainfall. The analysis indicates that a 5% reduction in mean rainfall 
results in the 90% flow (estimated at 3.7 m3/s) decreasing slightly to 3.5 m3/s. The reduction in 
design flow is not considered sufficiently significant to impact the sizing of hydropower 
infrastructure.  
 

IV.  ADAPTATION COMPONENTS IN INFRASTRUCTURE DESIGN 
 
14. The results of the analysis undertaken under the climate change adaptation risk 
evaluation have indicated that the following adaptation measures are appropriate to address 
potential impacts from climate change on the proposed infrastructure: 
 

(i) The design levels of the floor of the power stations should be determined using 
conservative flood level assessments due to the potential for increased flooding 
along the subject waterways. 

(ii) Stream gauge and rain gauge monitoring equipment be installed to provide long 
term monitoring of hydrological characteristics of catchment 

 
  
 
  
 
.  
 
  


