
1 
 

 

 

 

ENSO Impact Outlook: Papua New Guinea 

2017/2018 
by 

RIMES in collaboration with PNG National Weather Service 

24 May 2017 

Key Messages 

• Though the latest (early-May) ENSO forecasts indicate a 50% chance for El Niño 

condition to develop during the second half of 2017,  models predicting El Niño at this 

point of time (May) are constrained by autumn barriers and hence predicting 

manifestation of El Niño conditions accurately is difficult. 

• As there are uncertainties on El Niño development at this stage, it is necessary to adopt a 

caution and develop a graduated and dynamic approach to evaluate possible potential 

impact pathways and put in place a range of contingency plans.    

• Four possible ENSO scenarios are evolved considering the uncertainties of possible 

ENSO conditions during the second half of 2017 viz. neutral condition; weak, moderate 

and strong El Niño. The ENSO associated impacts observed during past years is 

presented in this outlook document.  

• The impacts of El Niño on rainfall patterns vary across PNG. In the past, the strongest El 

Niño resulted in drier condition over the western provinces, highlands, and eastern 

islands of Milne Bay during El Niño years.  

 

• Due to lack of relevant data a detailed district level risk assessment is yet to be 

undertaken. However a preliminary exercise has been carried to assess risk at district 

level in highland regions with available research. It is revealing that some of the districts 

in this region suffered from El Niño associated drought/frost hazards in most of Strong, 
Moderate, weak El Niño Years and few of the neutral years.  

• The priority sectoral agencies could prepare contingency plans based on the four impact 

scenarios presented in this outlook document and adopt a graduated approach and 

dynamically adjust contingency plans based on upcoming El Niño forecasts.  
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Introduction 
 

PNG is vulnerable to El Niño induced drought, frost and forest fires, as recent 2015-16 El Niño 

affected around two million people. The lessons learnt from the 2015-16 El Niño impacts 

increased awareness on El Niño associated risks in PNG. A preliminary risk assessment exercise 

has been carried out based on the methodology proposed in the “Assessment of El Niño-

Associated Risks: The Step-Wise Process” (UNDP, ESCAP and RIMES 2016). Further, a detailed 

risk assessment will be carried out based on evolving local climatic conditions in PNG 
regardless of El Niño occurrence in the upcoming months. 

 

1. ENSO forecast  
 

ENSO forecast from global centers indicate a 50% chance of El Niño condition to develop 

during the second half of 2017. There are chances for the current persisting neutral condition to 

continue or weak to moderate El Niño like conditions might be possible (Figure 1).  

World Meteorological Organization (WMO),  

28 April 2017:  “There is a 50-60% probability 

of El Niño condition forming in the second half 

of 2017” (WMO 2017) 

 

Climate Prediction Center/ National Centers 

for Environmental Prediction (CPC/NCEP) 

and International Research Institute for 

Climate and Society (IRI), 11 May 2017:  

”The probability for El Niño conditions is 

likely to be within the range 44-46 % during 

Oct 2017 to Jan 2018. The probability range for 

the El Niño conditions is likely to be more than 

then neutral condition” (IRI 2017) 

Bureau of Meteorology (BOM), Australia, 

9 May 2017:  “Most models suggest that the 

chance of El Niño condition is likely to be 50% 

during the second half of the 2017.” (BoM 2017) 
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(Source: IRI 2017) 

Figure 1. CPC/IRI consensus probabilistic ENSO forecast 
 

2. ENSO characterization  
The characterization of the forecasted ENSO condition has to consider the following aspects at 

this point of time considering the uncertainties and limitations. 

• The accuracy of models predicting the El Niño development during the second half of 

2017, at this point of time (May) is low because of autumn barriers (BoM 2017) 

• The warming trend over the tropical Pacific Ocean has been observed since the 

beginning of 2017, however the sea surface temperature thresholds are still below the El 

Niño thresholds and other atmospheric circulation patterns over the Pacific are not yet 

indicating the patterns associated with El Niño (BoM 2017) 

• In the past, the El Niño which has onset from April to June (spring type) grow greater in 

magnitude and the El Niño events which has onset from July to October (summer-fall 

type) are relatively weaker in magnitude (Horil and Hanawa 2004). Therefore even the 

El Niño condition develops between July and October, the El Niño is likely to be weak 

or moderate type though other possibilities are not entirely ruled out at this stage. 

• In addition to ENSO conditions, the manifestation of other regional and local climate 

drivers such as West Pacific Warm Pool, West Pacific Monsoon, Intertropical 

Convergence Zone, South Pacific Convergence Zone, on the wet season rainfall 
distribution of PNG, are complex to predict at present. 

As there are uncertainties in confirming the El Niño conditions to develop before the onset of 

wet season in PNG, four scenarios of ENSO conditions could be considered to assess the 

potential impacts from the past analogue years (Table 1). Three categories of El Niño might be 

possible, which will likely cause shift in a weather pattern and thereby biophysical impacts. The 

ENSO neutral year is complex and the variations in weather patterns are defined mostly by the 

regional and local climate drivers, which could be inferred from the seasonal forecasts issued a 

month or two before the wet season by PNG National Weather Service. As we adopted a 

dynamic approach, the scenarios can be updated in the upcoming potential outlook based on 

the changes in ENSO conditions. 

Table 1 Scenarios for ENSO conditions and its analogue years. 

 ENSO conditions Selected analogue years for assessing 

the ENSO impacts* 

Scenario 1 Neutral 2005-2006, 2010-2011, 2013-2014 

Scenario 2 Weak El Niño 1994-1995, 2004-2005, 2006-2007 

Scenario 3 Moderate El Niño 1991-1992, 2002-03, 2009-2010 

Scenario 4 Strong El Niño 1982-83, 1997-1998, 2015-2016 

* The analogue years are considered for assessing ENSO impacts on rainfall characteristics and for the 

biophysical impacts only the recent years are considered. 
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3. ENSO impacts on weather patterns   

The spatial variability of rainfall over the PNG is very high (Figure 2) due to its complex climate 

drivers such as topography, oceanic and atmospheric circulations. In general, the regions that 

are climatologically receiving lesser seasonal rainfall are more prone to the drought conditions.  

For example, the 2015 drought caused negative serious impacts over the lesser rainfall regions 

of PNG such as Menyamya district of Morobe province, Goilala of central province, and 

Henganofi of eastern highlands (Reliefweb 2015). Enhanced rainfall conditions in certain 

locations might cause localized flooding, for example, 2015 heavy downpour caused flooding in 

East Britain and 2010 riverine floods in East Sepik province (Reliefweb 2010, Reuters 2015a). At 

the same time, the suppressed rainfall conditions provides optimum condition for the crops 

growing in the high rainfall zones. 

 
Figure 2. Wet season over PNG averaged from 1981 to 2010  

The general impacts of ENSO conditions on wet season rainfall is shown in Figure 3 (Smith et 
al. 2013). The provinces in the western region of PNG and eastern islands of Milne Bay are drier  

during El Niño years. The eastern provinces, part of West New Britain remain wet during El 
Niño years. The provinces East New Britain, New Ireland, Manus, and Bougainville are wet 
during both El Niño and La Nina years (Smith et al. 2013). However, the impacts of all El Niño 
are not same, it varies based on its onset, duration, magnitude, and other factors. For instance 

the impact of the selected strong El Niño years (Figure-4) are consistent with the pattern shown 
in Figure 3, which is drier over the western provinces and wetter in the eastern provinces. This 
general pattern seen in strong El Niño years may not manifest during the moderate and weak El 

Niño years. 
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Figure 3. ENSO conditions and rainfall patterns over PNG (Adopted from Smith et al. 2013) 

 

 
Figure 4. Nov-Apr rainfall deviation from the climatology (1981-2010) during Scenario 1 (ENSO 

Neutral years), Scenario 2 (Weak El Niño), Scenario 3 (Moderate El Niño), and Scenario 4 (Strong El 
Niño) 

The tropical cyclones crossing the PNG during the years 1913-2015 and the selected analogue 

years are shown in Figure 5. During the past El Niño years, there were fewer tropical cyclones 

crossing PNG when compared to all other years. The risk due to tropical cyclones could be 

lesser, however the risk due to tropical cyclone cannot be fully eliminated as there were few 

cyclones crossed in the southern region of PNG during the analogue years. 
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Figure 5. Tropical cyclones crossing PNG during the chosen analogue years for four scenarios, and all 

years between 1913 and 2015. 

4. Biophysical impacts   

The observed biophysical impacts due to shifting weather patterns caused by the recent strong, 

weak and moderate El Niño episodes and ENSO neutral years are presented in this section. It 

has to be noted that the biophysical impacts on agriculture sector are not only due to seasonal 

rainfall quantity or drought conditions, but also the distribution of rainfall against the water 
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requirements at different stages of crops, as discussed in Box-1.  Observed impacts during El 

Niño years reveal that El Niño conditions in the past caused suppresses rainfall and also 
affected its distribution.  

Box 1 Sensitivity of coffee and sweet potato 

Sweet potato 

Sweet potato is one of the major crops grown in PNG, which is very sensitive to wet 

and dry condition at different growing stage.  In general, the ENSO conditions are 

often characterized in PNG by several months of very high rainfall early in the 
calendar year followed by a relatively minor drought in the latter half of the year.  If 

there is a wet condition after a drought period of 6-10 months, and sweet potato is 
planted after the drought and before the wet condition happens, this causes a marked 

depression in tuber yield, which is commonly attributed to the drought. It is this 
combined climate sequence of water surplus followed by drought that produces the 

most damaging food shortages.  

The water surplus during the tuber initiation phase (6–10 weeks post-planting) and 

drought toward the end of the crop growth cycle during the rapid tuber bulking phase 
(3–6 months post-planting) are critical and that causes severe negative impacts on 

sweet potato yield and production.  

The occurrence of frost and excessive rain at different stages of sweet potato in 

Highlands of PNG are as follows  

Frost after planting 

• 1 month – Reduced harvest 

• 6 months – Reduced harvest with delay 

• 8 months – Normal harvest 

• 9-12 months – Normal harvest with little delay 

Excessive rain 1.5 months after planting – Reduced harvest  

Coffee 

The optimum rainfall for coffee is 1500–2500mm of rain falling over an 8-month 

growing period with a 3-month dry season coinciding with the harvest. The amount of 
soil moisture available during the rapid expansion phase of coffee during the Nov-Jan 

months determines the size of the coffee bean. A drought at this stage will limit coffee 
production. Whereas dry during the flowering phase (July-Nov months) provide 

optimal condition for coffee. A wet condition during the flowering stage is 

disadvantage for coffee. For example, the extreme dry period before rainfall onset 
during Oct/Nov 1997 provided a strong flowering stimulus that led to the near record 

coffee yields in June and July 1998, without much of negative consequences. 

Bourke (2001), NARI (2003) 

The impacts on the water resource sector such as dryness in the river beds and water wells is 

also owed to lower water tables due to imbalances in the atmospheric pressures caused the 

ENSO conditions. Especially during strong El Nino years, high atmospheric pressures prevails 

in the western pacific and that causes lower water tables. The lower water table causes reduced 

ground water in PNG and thereby water scarcity issues in many parts of the country.  
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The biophysical impacts during the ENSO neutral years remain complex and unpredictable 

with long lead time as this was influenced by regional and local drivers. It has to be noted that 
some regions of PNG experienced droughts even during the ENSO neutral years in the past.  

The biophysical impacts presented for the analogue years are based on the secondary sources 

available from the documents of national and international agencies, and newspapers. The 

detailed impact information in the past at finer spatial resolution (for example, by district level) 

is unavailable and therefore the below impacts information could be taken as sample case for 

ENSO impacts on weather patterns (drought, non-uniform rainfall distribution, frost, etc.,) that 

could cause biophysical impacts on priority sectors. These sample cases could be used as 

references/thresholds to interpret the impacts within the local contexts, for example, how the 

rainfall changes or frosts during the past ENSO years caused biophysical impacts (crop 

production loss, low water level, food shortages etc.,) in their location. 

Scenario 1: Impacts of suppressed rainfall condition during the neutral years (1992-1993, 2001-

2002) 

Sector Observed impacts  Provinces (District) affected 

Agriculture 1992 and 2001 drought conditions affected subsistence 

agriculture and crop growth 

Eastern Highland Province, 

Southern Highland Province, 

Western Highland Province, 

Chimba, Enga 

Food 

security 

 

Food shortages are recorded during May to Nov 1993  Eastern Highland, Southern 

Highland, Western Highland, 

Chimba, Enga 

Food shortages are recorded during Sep 2001 to Feb 2002 

due to drought condition. 

Eastern Highland Province 

Source: Cobon et al. 2016 

 

Scenario 2: Impacts of suppressed rainfall condition during the moderate El Niño years (2002-

2003 & 2009-2010) 

Sector Observed impacts  Provinces (District) affected 

Agriculture Drought has severely affected the crop yield Highlands and Gulf provinces, 

Southern Highland province 

Food 

security 

 

Food shortages are recorded during Jul 2002 to March 

2003 due to drought condition 

Southern Highland province 

Water 

resource 

Prolonged dry spell caused the fresh water sources to 

dry up leaving people with no alternatives. 

East Sepik 
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Source: ABC (2010), Cobon et al. 2016 

Scenario 3: Impacts of suppressed rainfall condition during the weak El Niño years (2004-2005, 

2006-2007) 

Sector Observed impacts  Provinces (District) affected 

Agriculture Drought conditions affected subsistence agriculture and 

crop growth 

Southern Highland province 

(SHP) & Western Highland 

province (WHP) 

Food 

security 

 

Food shortages are recorded during Apr 2004 to May 

2005 (SHP), and Oct 2006 to May 2007 (WHP) due to 

drought condition 

Southern Highland province 

(SHP) & Western Highland 

province (WHP) 

Source: Cobon et al. 2016 

Scenario 4: Impacts of suppressed rainfall condition during the strong El Niño years (1997-1998 

and 2015-2016) 

Sector Observed impacts  Provinces (District) affected 

Agriculture Reduced rainfall, long dry spell and heat waves caused 

reduced crop (garden) yields, which is a major income 

generation source for the household subsistence 

agriculture 

Eastern Highlands (Obura-

Wonenara), Morobe 

(Menyamya), Chimbu 

(Gumine) 

Increased occurrence of frosts at high altitude (>2200 m) 

caused severe damages to crop yields 

Western Highlands, Southern 

Highlands and Central 

Provinces 

Food 

security 

 

70% of the households in the pilot sites in these districts 

were severely affected: not having enough food, not 

being able to buy. Reduced food consumption was 

followed as coping strategy and that lead to many health 

issues in these regions 

Eastern Highlands (Obura-

Wonenara), Morobe 

(Menyamya), Chimbu 

(Gumine) 

More than 50% of population was affected by food 

supply with maximum 100% in the Simbu province. 

Western, Gulf, Central, Milne 

Bay, Simbu, Eastern highlands, 

Morobe 

50,000 people were affected without food and clean 

drinking water because of drought conditions 

Manus, New Ireland, East New 

Britain, West New Britain, 

Central 

Water 

resource 

Lamari river depth falls to 50 cm against its normal 

depth of 150 cm during wet season. Creeks, rivers and 

streams got dried up because of reduced rainfall. The 

communities has to walk twice the distance than the 

normal to get the drinking water for their daily activities 

Eastern Highlands (Obura-

Wonenara), Morobe 

(Menyamya), Chimbu 

(Gumine) 
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Shortage of water, low water levels in the rivers lead 

people to migrate and walk long distance to get water. 

Enga, Hela 

Low water level in the Yonki dam affected hydro-electric 

power generation and caused serious damages in power 

supply to seven provinces 

Eastern Highlands, Enga, 

Chimbu, Southern Highlands, 

Western Highlands, Madang 

and Morobe 

Production in the Porgera gold mine had been halted 

due to low levels of water in the mine's reservoir, used in 

processing the raw ore, which is mainly due to El Niño 

drought conditions 

Enga  

The low water levels in the Fly River during 2015 El 

Nino hindered transportation of copper ore from their 

mine port in Kiunga to customers at the mouth of the 

river. Thus the mines has to shut down its operation 

which affected workforce, 15% of local and 30% of 

expatriates. The low water level has also affected the 

supply routes for diesel and food. Similar situation 

occurred during the El Nino year 1997-1998.  

Western 

Source: CARE (2015), Reuters (2015b), Reliefweb (2015) 

The biophysical impacts presented in this desktop study are assessed at province level (coarser 

resolution), but for further detailed preparedness planning, the risk patterns at a finer spatial 

resolution (at least district level) are required. Due to lack of relevant data for undertaking risk 

assessment at the district level, a preliminary exercise has been carried out with respect to 

Highland regions, a research from Bourke et al. (2001) and Hanson et al. (2001). 

The results are shown in Box.2 It may be seen that these districts suffered from droughts/frosts 

during almost all El Niño (Strong, moderate and weak years as well as in some of the ENSO 

neutral years) 

Box -2 District level risk assessment  

The risk to the ENSO induced hazards depends on many factors, and it varies spatially within the 

province, so these factors has to be assessed to capture the risk at finer spatial resolution for effective 
contingency planning. Few of the factors, not all, are discussed below 

 

• Altitude 
Frost occurs at altitudes as low as 1500 meters, but threats are serious at altitudes of 2200 meters 

and above. The crops grown above the 2200 meters are at higher risk during the ENSO induced 

frost, hence these regions has to be prioritized in each provinces. 
 

• PNG Land Resource Vulnerability (PNGLRV) 

The land resource vulnerability could be used to prioritize the districts and regions that are more 
prone to ENSO induced drought/frost hazards. Some of the regions are identified in the 

highlands as shown in the below table (Hanson 2001) 

Vulnerability Reasons for being vulnerable District (Province) 
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High  

 

High intensity agricultural 
practices have been extended 

onto land limited by steep slopes, 

poor soils, low temperatures and 

frost 

• Wage and upper Lai 

valleys and Nembi 

Plateau (Southern 
Highlands) 

• Upper slopes of the 

Kaugel Valley (Western 

Highlands) 

• Dunantina Valley (Eastern 
Highlands) 

Moderate & 
Mariginal 

Moderate - Minor resource 

degradation problems resulting 

from very high land-use intensity 
in moderate potential  

environments, through to 
moderate land-use intensity in 

very low potential environment 
 

Marginal are those with few 

resource degradation problems at 
present, but which may 

encounter future problems if 
agriculture is intensified without 

suitable land improvement 
practices. 

• Nembi, upper Erave, 

upper Tagari and Mendi 
valleys and slopes of the 

Tari Basin (Southern 
Highlands) 

• Lai and Sau valleys (Enga 

Province) 

• the upper Baiyer Valley 

(Western Highlands) 

• Chimbu and Koronigl 

valleys (Simbu) 

• Bena Bena, 
Karmanuntani, Gafutina 

and upper Ramu valleys 
(Eastern Highlands) 

 

• Community and their location 

The communities have poor land use condition,  least access to markets,  low income status, and 

few or no educated relatives in wage employment are usually remote from services and transport 

infrastructure are at more risk.  Bourke (2001) characterized three major locations which are at 

risk to drought, frost and other ENSO induced hazards: a) very high altitude locations, b) 

highland fringe locations and c) very small islands with dense population are more prone to 

ENSO induced hazards (as shown in table below) 

Land type Reasons for being vulnerable District names 

High 
altitude 

Cash income is very low Kandep district (Enga) 

Fringe 
locations 

Steep landscape, very high rainfall, 

unpaved roads, low cash income 

Kaintiba area (Gulf) 

Region surrounding lake Kopiago 
(Southern Highlands, Enga and 

Sandaun provinces and inland 

New Britain) 

Very small 

islands 

Islands of area less than 10 sq.km 

but with population density 

100/sq.km 

Small islands in Milney Bay and 

Momase Province 

Bourke (2001) and Hanson (2001) 
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Summary 

• This outlook document has to be considered as preliminary assessment as there are 

uncertainties on El Niño development at this stage. Thus it is necessary to develop a 

graduated approach to evaluate possible potential impact pathways and put in pla ce a 

range of contingency plans.   

• It is proposed to undertake detailed district level impact assessment based on the past 

observed biophysical impacts and will be presented to the stakeholders during August.  

• An inter-agency collaboration will be critical to ensure understanding of El Niño 

Associated risk, communicating risk to stakeholders and assist in preparing contingency 

plans to put in place relevant contingency plans in local contexts. 
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