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ABSTRACT

This study summarizes the trends in temperature and rainfall between 1951 and 2011 of 

all 7 weather stations on 6 islands throughout the Solomon Islands. The study also 

examines the climate projections compiled by the Pacific Climate Change Science 

Program (PCCSP; BoM & CSIRO 2011b) to provide a comprehensive picture of 

historical and future climate for the Solomon Islands.  

Past regional-scale studies either ignore the climate data of the Solomon Islands, or use 

only one or two local stations to describe the full climate of the 100s of islands that 

comprise the Solomon Islands. This study is the first to include all 7 weather stations 

operated by the Solomon Islands Meteorological Service (SIMS) network. I examined 

all available daily digitised minimum and maximum surface air temperature and rainfall 

data between 1951 and 2011. Time series analyses of monthly, seasonally and annually 

averaged temperature and rainfall, and their respective extreme indices were done for 

each station.  

Graphs and tables were generated using Excel 2007. Statistical analyses of variables 

were conducted using R software. Five statistical tools were used: Regression analysis 

was used for trend analysis; Wilcoxon rank sum test was used to test the seasonal 

difference; one-way ANOVA and Tukey HSD tests were used to test the pairwise 

comparisions between stations; Ward’s method was used to cluster stations; Pearson’s 

correlation coefficient (r) was used to test the association of ENSO indices (Niño3.4 and 

SOI) with temperature and rainfall at the seasonal time scale. PCCSP-selected model 

generated changes for the future periods, 2030, 2055 and 2090 were used to calculate 

the likely magnitude of the average annual temperature, rainfalls and heavy rainfalls for 

the Solomon Islands.  

The average, maximum and minimum temperature for all 7 stations increased 

significantly over the time period of measurement. Overall, mean surface air 

temperature increased by 0.13 to 0.40°C/decade. There was a corresponding increase in 
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the frequency of warm days and nights and a decrease in the frequency of cool days and 

nights for most of the stations. Averaged over the Solomon Islands, annual frequency of 

warm days has increased by 2.2 days/decade and warm nights by 0.8 nights/decade 

whereas the frequency of cool days has decreased by 0.4 days/decade and cool nights 

by 1.4 nights/decade. 

Rainfall trends were less spatially coherent than those of temperature. The annual total 

rainfall trend varied between -1.7 and +1.7%/decade. Likewise, the frequencies of 

extreme rainfalls showed no clear trends at most stations. The Taro, Munda and Lata 

stations, all found on outlying islands, experienced more rainfall than the stations of the 

central region. Significant seasonal variability in both temperature and rainfall were 

correlated with the ENSO indices. Temperature was most strongly impacted by ENSO 

during the dry season (May-October) whereas rainfall was strongly impacted by ENSO 

during the wet season (November-April). The South Pacific Convergence Zone (SPCZ) 

and the West Pacific Monsoon (WPM) impacted the wet season rainfall in the central 

and eastern stations more strongly than the western stations. Munda and Taro have a 

more pronounced July rainfall peak than all other stations, because of the strong 

influence of the Intertropical Convergence Zone (ITCZ). Taro’s wet and dry seasons 

were opposite to the wet and dry seasons of all other stations because of its proximity to 

the ITCZ.  

Overall, average annual temperature trends increased, whereas rainfall trends either 

increased or decreased marginally in the Solomon Islands from 1951 through 2011. 

Projected temperature and heavy rainfall return periods increase throughout the 21st

century. 
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ABBREVIATIONS AND ACRONYMS 

BoM  Australian Bureau of Meteorology 

CMIP3  Coupled Model Intercomparison Project (Phase 3) 

CSIRO  Commonwealth Scientific and Industrial Research Organisation 

DTR  Diurnal temperature range 

ENSO  El Niño-Southern Oscillation 

GCM  General Circulation Model 

GSN  Global Surface Network 

IPCC  Intergovernmental Panel on Climate Change 

IPO  Interdecadal Pacific Oscillation 

ITCZ  Intertropical Convergence Zone  

MJO  Madden-Julian Oscillation 

NOAA  National Oceanic and Atmospheric Administration 

PCCSP Pacific Climate Change Science Program 

PDO  Pacific Decadal Oscillation 

SIMS  Solomon Islands Meteorological Service 

SOI  Southern Oscillation Index 

SPCZ  South Pacific Convergence Zone 

SRES  Special Report on Emission Scenario 

SST  Sea surface temperature 

TC  Tropical cyclone 

Tmax  Maximum surface air temperature 

Tmean  Mean surface air temperature 

Tmin  Minimum surface air temperature 

WMO  World Meteorological Organization 

WPM  West Pacific Monsoon 
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CHAPTER 1: INTRODUCTION

1.1 BACKGROUND 

Studies of historical climate provide knowledge for natural climate variability, which is 

valuable for a better understanding of current climate changes and for a better 

prediction of future scenarios (Zhang et al. 2012). The primary purpose of this research 

is to examine the available temperature and rainfall data of 7 weather stations in the 

Solomon Islands to determine their respective climatic trends (including extreme 

events) and the underlying climate dynamics that regulate the observed variations, 

trends and changes. The findings may also contribute to the baseline information as 

very little study has been carried out on site-scale basis in the Solomon Islands.  

The Fourth Assessment report of the United Nations Intergovernmental Panel on 

Climate Change (IPCC) acknowledges that there is increasing concern that global 

average surface temperature has increased over the past decades as a result of human 

influences on climate (IPCC 2007a). The elevated temperature has also influenced the 

hydrological cycle, resulting in the changes in frequency and intensity of extreme 

precipitation (Mason et al. 1999; Manton et al. 2001; Alexander et al. 2006; Bernstein

et al. 2007; Peralta-Hernandez et al. 2009), changes in ice (Bernstein et al. 2007; 

Edwards et al. 2010; NOAA 2010) and sea level rise (Bernstein et al. 2007).  

Bernstein et al. (2007) reports that the global surface temperature has risen by 0.74°C 

since the beginning of the last century and extreme precipitation events have increased 

by approximately 0.21% per decade over the same period. The average rate of global 

sea level rise was estimated at 1.8 mm per year over 1961-2003 and at 3.1 mm per year 

from 1993 to 2003 (Bernstein et al. 2007).  Based on global observations generated by 

the General Circulation Models (GCMs), the island temperature of the large part of the 

South Pacific region was reported to have increased by 0.6°C to 1.0°C over the period 

1901-2004 (Mimura et al. 2007). Both the future temperature and rainfall of the small 

islands are projected to rise into the 21st century, with the former projected with higher 

confidence than the latter (Mimura et al. 2007). 
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An examination of the changes in spatial and temporal patterns of temperature and 

rainfall trends and variability (including climate extremes) would be valuable in the 

Solomon Islands for various reasons. First, most published studies have been conducted 

in mid-to-high latitude regions of the Northern hemisphere with many areas of the 

tropics not analysed due to lack of data (IPCC 2007a; Peralta-Hernandez et al.

2009). Majority of studies in the Asia and South Pacific region (e.g. Manton et al. 2001; 

Griffiths et al. 2003; Griffiths et al. 2005; Nicholls et al. 2005; Choi et al. 2009)  tend to 

leave out Solomon Islands weather data from analysis due to homogeneity reasons for 

regional scale analysis. A recent PCCSP report by the Australian Bureau of 

Meteorology and CSIRO (2011c) used only two weather stations’ data to describe the 

climate of the whole Solomon Islands, justifying the need for more analysis on all the 

weather station records in the Solomon Islands.  

Second, the location of the Solomon Islands in the western Pacific places them in the 

established tracks of tropical cyclones and under the influence of ENSO-related 

droughts and floods, which are likely to be exacerbated by future climate change (The 

World Bank nd). Hence, the climate results generated from all weather stations in 

Solomon Islands can be used as a basis to further enhance the understanding of the 

Solomon Islands’ climate dynamics. The results could also guide the development of 

mitigation and adaptation plans in the Solomon Islands. 

Third, missing data may be an issue for most station records in the Solomon Islands. In 

particular, when analyzing extreme events missing data may pose some statistical 

problems, since extremes are rare or infrequent events (Solomon et al. 2007). However, 

there are no universal definitions of extreme climate indices (Choi et al. 2009). For 

instance, Peralta-Hernandez et al. (2009) suggested that identification of changes in 

extreme rainfall is dependent on analytical procedures used to define such events.  

Climatologists have suggested a number of extreme indices that can be easily calculated 

and applied in different parts of the world (Frich et al. 2002). After all, results in 

various locations are far from spatially coherent, with vastly different results from one 
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study area to the next (Peralta-Hernandez et al. 2009). So the station results in 

Solomon Islands will after all be unique and should be considered.  

However, when comparing and contrasting with other regional studies, the direction and 

magnitude of trends especially for extreme events quantified in this study should be 

used with caution due to local, non-climatic factors such as urbanization because most 

of the weather stations in this study are located near or within regions where 

urbanization has occurred since the 1970s. The removal of such effects is not done due 

to lack of metadata about weather stations and lack of a systematic filtering method (c.f. 

Folland et al. 2003). As such, it is expected that local factors might lead to the 

overestimation of magnitudes of trends particularly for the temperature indices even 

though the direction of the trends may be reliable.

In summary this thesis focuses on the following questions:  

How rapidly and significantly has the climate changed in the Solomon Islands (7 

weather stations) in terms of temperature and rainfall? Whether the local directions and 

trends are consistent with those of the region and globe? What underlying climate 

features are attributable to the observed trends and anomalies? And most importantly, 

whether the changes are consistent with the observed footprints of climate change?   

1.2 OBJECTIVES

The objectives of this study are: 

1) To analyze the trends and variability in surface air temperatures and rainfall 

(including extreme events) from all available digitized daily weather records of seven 

weather stations in the Solomon Islands between 1951 and 2011. 

2) To provide baseline information on the trends and variability in the surface air 

temperature and rainfall (including extreme events) for the stations. 

3) To describe any possible relationship between the observed trends and 

variability at the sites with the current climate dynamics of the region. 
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4) To determine the likely absolute annual rainfall and temperature values from the 

projected changes compiled by the PCCSP under the high emission (A2) scenario for 

the future periods, 2030, 2055, and 2090 in the Solomon Islands. 

5) To determine the likely intensity and frequency of heavy rainfall return periods 

under the high emission (A2) scenario for the future periods, 2030, 2055, and 2090 in 

Solomon Islands. 

1.3 STUDY AREA

Seven synoptic weather stations of the Solomon Islands are located along a northwest-

southeast orientation (see map on Figure 1.3-1). This orientation stretches along a 

distance of about 1,450km, across an area of approximately 28,450km2  that is 

within the coordinates, 6°S-10°S, 156°E-165°E (The World Bank nd). 

The stations’ geographic coordinates, provincial orientation, site elevation 

and period of digitized data under study are summarized in Table 1.3-1. The 

elevations of the stations vary from as low as 1.2m at Taro to as high as 55m 

at Honiara (Vavaya Ridge), with an approximate average elevation of 8.5m 

across all weather stations. Most of the stations are located by the coast. 

Much of the study area is comprised of moist tropical climate type (Fig 17.7, 

p498 in Ahrens 2013). 
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1.4 ORGANISATION OF THESIS

This thesis has six chapters. Chapter 1 introduces the research thesis by presenting its 

scope, current knowledge and background information that sought to justify the 

objectives and purpose of this research on the study areas, and highlights the anticipated 

implications of this research. Chapter 2, the literature review, provides a broad picture 

of the background information about climate variability (including extreme climate) and 

trends focused particularly on temperature and rainfall at global, regional, and national 

(Solomon Islands) scale. Personal views were also formed following careful analysis of 

the literatures. Chapter 3, the methodology, focuses on how the existing temperature 

and rainfall data at seven weather stations of the Solomon Islands are analysed. The 

description and explanation of methods used are clearly presented so that the 

methodology could be reproduced. This section documents the techniques used prior to 

data analysis (including data imputation method) and statistical analysis used to test the 

significance level of trends. Chapter 4, results, presents the outcome in graphs and table 

forms generated from the Excel 2007 spreadsheet and R software. In chapter 5, 
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Summary and discussion; the results are summarized, explained and interpreted within 

the broad context of the research. Also, the significance of the results is discussed with 

those reported in literature, and the disparities identified are explained. Lastly, Chapter 

6, the conclusion, sums up the key findings and their importance, and offers 

recommendations. 
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CHAPTER 2: REVIEW OF LITERATURE

2.1 DEFINING WEATHER, CLIMATE, AND CLIMATE CHANGE 

Weather is defined as the immediate state of the environment, having immediate (e.g 

daily) effects upon human affairs etc. associated with short term changes in various 

meteorological elements or parameters such as temperature, rainfall, humidity, wind, 

pressure etc., which occur over short periods typically in minutes to a few days or 

weeks (Dunlop 2008c; Ruddiman 2008).  

Climate on the other hand, is the decription of the variability of weather conditions 

prevailing in a particular region or latitude zone averaged over a decade or longer 

(Bernstein et al. 2007). The classical period of time is 30 years, as defined by the World 

Meteorological Organization (WMO).The climate of a particular location is primarily 

governed by latitude, position relative to the centre of convectional activities, 

continentality or ocean, altitude, and local topography (Dunlop 2008b).  

Climate change therefore refers to a change in the statistical mean and/or the variability 

of the meteorological elements or parameters that persists for decades or longer period; 

these long-term changes may be due to either natural variability or as a result of 

anthropogenic activities (Bernstein et al. 2007).  

The science and study of climate in all its aspects and of the phenomena associated with 

it is termed as climatology (Dunlop 2008a). Two most common climate parameters 

used in any climatological studies are the temperature and rainfall, as they affect people 

the most (Robinson & Henderson-Sellers 1999). For instance, changes in the average 

global temperature (defined as climate change or global warming) was observed to 

induce hydrological changes in various parts of the globe that has led to more intense 

and frequent extreme events that affected human lives and livelihood through changes 

in water, air, food quality and quantity, ecosystems, agriculture and economy (Parry et 

al. 2007).  
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2.2 GLOBAL WARMING AND CAUSES

The increase in the global average temperature was primarily caused by the rise in the 

concentration of various greenhouse gases (GHGs) in the atmosphere (Solomon et al.

2007). Warming of the climate system is obvious, as observed from increases in global 

average air and ocean temperatures, widespread melting of snow and ice and rising 

global average sea level (Bernstein et al. 2007). Although significant warming episodes 

occurred around 10,000 years ago during the interglacial phases, when summer 

temperatures in both Antarctica and Europe were 2-3°C higher than today (Robinson & 

Henderson-Sellers 1999), the term gobal warming is generally used  nowadays for the 

anthropogenic effect upon climate.  

The improved understanding of the climate over the past decade has led many scientists 

to the conclusion, that there is a very high confidence that human activities have 

enhanced the warming effect since the beginning of the Industrial Revolution around 

1750 (Solomon et al. 2007). The largest human contribution comes from increases in 

GHGs, such as carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O), whose 

atmospheric concentrations have increased by 35%, 148% and 18%, respectively by 

2005 since the pre-industrial value (Solomon et al. 2007). For example, when CO2

concentrations were low, so too were temperatures, and when CO2 concentrations were 

high, it was warmer (Salinger 2005). The CO2 increases are due primarily to fossil fuel 

use and land-use change, while increases in CH4 and N2O are primarily due to 

agriculture (Solomon et al. 2007). Other gases that also contribute to global warming 

include the ozone-depleting gases (CFCs and HCFCs), and the industrial fluorinated 

gases (HFCs, PFCs and SF6) that are subject to the Montreal and Kyoto Protocols 

respectively (Solomon et al. 2007). The three major GHGs (CO2, CH4 and N2O) are 

also covered under the Kyoto Protocol (Solomon et al. 2007).  

It is clear that the major underlying cause of rapid changes in atmospheric composition 

is human economic activity. Hence, a set of scenarios were developed and labeled by 

the Intergovernmental Panel on Climate Change (IPCC) as emission scenarios, which 

comprise a whole set of underlying socio-economic assumptions (IPCC-TGCIA 1999). 
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The scenarios were reported in the ‘Special Report on emissions scenarios’ (SRES), 

published in 2000 (IPCC 2000; Pittock 2009). These have a projection period out to 

2100. Based on the different emission scenarios, the IPCC projected that the global 

warming by 2099 would likely be in the range 1.1 to 6.4°C, relative to 1980-99 

averages (Bernstein et al. 2007). Some scenarios portrayed a double or even quadruple 

in the concentration of GHGs in the atmosphere by 2100 (Salinger 2005), such scenario 

would significantly influence the warming of the globe.  

2.3 GLOBAL TEMPERATURE

Temperature increase is global but is greater at higher northern latitudes with more land 

regions than the oceanic region of the south (Salinger 2005). The average Arctic 

temperatures increased at about twice the global average rate in the past 100 years 

(Bernstein et al. 2007).  The global surface temperature has risen by an average of 

0.74°C with a range between 0.56°C and 0.92°C over 100 years (1906 to 2005), and a 

linear warming trend over the last 50 years (1956 to 2005) at an average of 0.13°C with 

a range between 0°C to 0.26°C per decade, which is twice that for the last 100 years 

(Bernstein et al. 2007).   

The period 1995-2007, with the exception of 1996, ranked amongst the 12 warmest 

years within which the decade of 1998-2007 was the warmest decade on record 

(Bernstein et al. 2007), since reliable weather records started in 1861 (Pittock 2009). 

For the 1998-2007 decade, 1998 was the warmest year, influenced by the strong 

1997/98 El Niño (Folland et al. 2002a). For the recent decade, a recent report by the 

World Meteorological Organization (2012) suggested that 2011 was ranked 11th

warmest year, estimated at 0.40°C above the 1961-1990 normal. So there is an 

unequivocal increase in the global surface air temperature over the past decades 

(Solomon et al. 2007). The enhanced warming was attributed to the corresponding 

increases in atmospheric greenhouse gas concentrations due to human activities 

(Salinger 2005; IPCC 2007b). 
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The global average diurnal temperature range (DTR) has decreased by 0.1°C/decade 

between 1950 and 1993, indicating stronger increasing trend in the minimum 

temperature than maximum during this period. However, more recent records (1979-

2004) revealed little change as both minimum and maximum temperature have risen at 

about the same rate (Solomon et al. 2007), thus, indicating that the maximum and 

minimum surface air temperatures have both increased at equal magnitude globally in 

recent decades. 

Consistent with the land surface warming was the decrease in the frequency of air frosts 

over many land areas, and drying in the tropics and subtropics (Salinger 2005). 

However, land surface warming has been greatest over mid-latitude northern continents, 

attributed to the greater land cover in the northern hemisphere than in the South, which 

is dominated by the ocean (Salinger 2005; Bernstein et al. 2007). In addition, much of 

the studies throughout the world have focused on mid-to-high latitude land-based 

locations in the northern hemisphere, with limited studies in many tropical and sub-

tropical areas, due to non-existent or non-continuous data required for longer term 

trends (Peralta-Hernandez et al. 2009). 

2.4 FEATURES OF CLIMATE VARIABILITY

The climate system is dynamic and interactive, consisting of the atmosphere, land 

surface, polar ice, oceans and other bodies of water, and living organisms (World 

Meteorological Organization 2010). The major features of climate variability in the 

South Pacific region include, but are not restricted to: El Niño-Southern Oscillation 

(ENSO), Walker Circulation, South Pacific Convergence Zone (SPCZ), West Pacific 

Monsoon (WPM) and Intertropical Convergence Zone (ITCZ; Australian Bureau of 

Meteorology & CSIRO 2011a). 

The El Niño-Southern Oscillation (ENSO) is a major feature of interannual climate 

variability in the Pacific (Australian Bureau of Meteorology & CSIRO 2011a), and 

subtropical and some mid-latitude areas (Salinger 2005). The ENSO cycle varies from 2 

to 7 years (Salinger 2005), and influences the patterns of change in winds, surface 
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pressure, surface and sub-surface sea temperatures, rainfall, cloudiness and convection 

across the tropical Pacific (Australian Bureau of Meteorology & CSIRO 2011a). The 

extreme phases of the ENSO are El Niño and La Niña while a dormant condition (not 

ENSO active) may be referred to as ENSO-neutral.  

During ENSO neutral years there is an east to west sea-surface temperature gradient 

with a warmer western Pacific Ocean known as the Western Pacific warm pool. This 

warm pool is maintained by the prevailing easterlies. This temperature gradient drives 

the Walker Circulation (Australian Bureau of Meteorology & CSIRO 2011a). 

Obviously, there is a tight coupling between the ocean and atmosphere (Salinger 2005). 

An El Niño is characterised by warming above normal in the central and eastern Pacific 

Ocean and cooling below normal in the western Pacific Ocean (Australian Bureau of 

Meteorology & CSIRO 2011a). During El Niño the easterly prevailing winds that form 

the lower branch of the Walker Circulation weaken, reducing the east to west sea-

surface temperature difference. This shifts the warm pool and the main area of 

convection from the western Pacific to the central and eastern Pacific Ocean (Australian 

Bureau of Meteorology & CSIRO 2011a). Many parts of the South Pacific experienced 

drought conditions and tend to be warmer during El Niño events. The central and 

eastern Pacific experience above normal sea-surface temperature during El Niño events 

partly due to reduced upwelling of cold water in the eastern tropical Pacific (Pittock 

2009). El Niño was significantly linked to extreme events (e.g. Lander 2004; Peralta-

Hernandez et al. 2009; Chu et al. 2010). Tropical storm activities in all ocean basins 

were also linked to El Niño (Mimura et al. 2007).  

The opposite occur during La Niña events, when the easterlies strengthen, shifting the 

warm pool further west than normal resulting in cooler central and eastern Pacific 

Ocean. With the shift of the warm pool and the main area of convection further west, 

rainfall is enhanced across the western equatorial Pacific during La Niña events (Pittock 

2009). 
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The status of ENSO can be measured by the Niño3.4 and Southern Oscillation Index 

(SOI; Australian Bureau of Meteorology & CSIRO 2011a). The Niño3.4 is the measure 

of the oceanic component of ENSO. It is the average sea-surface temperature anomaly 

in the central and eastern Pacific. The SOI is the measure of the atmospheric component 

of ENSO. It is the barometric pressure difference between Tahiti and Darwin (Robinson 

& Henderson-Sellers 1999). SOI is also used as an indicator of the strength of the 

Walker Circulation and the trade winds (Australian Bureau of Meteorology & CSIRO 

2011a). 

Five El Niño episodes (1982/83, 1986/87, 1991-93, 1994/95, 1997/98) and three La 

Niña episodes (1984/85, 1988/89, 1995/96) were attributed to a very active ENSO cycle 

in the 1980s and 1990s (Mataki et al. 2006). The 1982/83 and 1997/98 episodes were 

regarded as two of the strongest El Niño events of the century (Cai et al. 2012). 

However, it must be noted that there are no universally agreed criteria to define El Niño 

or La Niña years (Australian Bureau of Meteorology & CSIRO 2011a).  

Much of the rainfall variability in the south Pacific region appeared to be closely related 

to ENSO at annual timescale (Folland et al. 2002b), combined with seasonal changes 

linked to the mean position of the SPCZ and ITCZ, and the onset and retreat of the West 

Pacific Monsoon (WPM; Salinger 2005; Mimura et al. 2007; Australian Bureau of 

Meteorology & CSIRO 2011c). The onset of the WPM is often tied to the arrival of the 

Madden Julian Oscillation (MJO), a sub-seasonal feature which is characterized by a 

large-scale eastward movement of air in the upper troposphere over the tropical eastern 

Indian and western Pacific Oceans that results in a fluctuation of rainfall period of 30 to 

60 days (Rui & Wang 1990; Zang 2005). 

Two seasons, wet and dry, in the south Pacific are largely controlled by the north to 

south movements of the SPCZ (Mataki et al. 2006). The SPCZ is associated with large-

scale cloud bands (Mataki et al. 2006) resulting from low-level convergence extending 

from approximately 140°E near the equator to approximately 120°W at 30°S 

(Australian Bureau of Meteorology & CSIRO 2011a). The zone is oriented more west-
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east near the equator and has a south-east north-west orientation at higher latitudes 

(Australian Bureau of Meteorology & CSIRO 2011a). The movement of this system is 

associated with migrating low pressure systems, the movement of the tropical upper 

tropospheric troughs, and surface midlatitude systems such as cold fronts moving across 

from the south (Mataki et al. 2006). 

Meanwhile, countries located close to the equator and the north Pacific are influenced at 

seasonal and interannual timescale by the ITCZ, a persistent east-west band of low-level 

wind convergence, cloudiness, and rainfall (Australian Bureau of Meteorology & 

CSIRO 2011a). A major feature of the ITCZ is the presence of a surface pressure trough 

formed by the convergence of moisture and heat-laden Northern and Southern 

Hemisphere trade winds�part of which ascends as a component of the Hadley 

Circulation cell in the Pacific (Australian Bureau of Meteorology & CSIRO 2011a). 

The ITCZ is narrow in the central and eastern Pacific and broadens in the western 

Pacific, due partly to strong monsoon flows (Australian Bureau of Meteorology & 

CSIRO 2011a). This could mean that the WPM may feed moisture into the ITCZ 

particularly during the June-August period in the northwestern Pacific. 

On decadal and interdecadal timescale the climate variability in the Pacific Ocean is 

linked to the Pacific Decadal Oscillation (PDO; Mantua et al. 1997) and the 

Interdecadal Pacific Oscillation (IPO; Power et al. 1999). These decadal changes follow 

an ENSO-like pattern of variability (Power & Colman 2006). For example, a decade 

dominated by El Niño events will tend to have an El Niño-like sea-surface temperature 

(SST) pattern, whereas a decade dominated by La Niña events will tend to have a La 

Niña-like decadal SST pattern. These oscillations take multiple decades usually 15 to 30 

years (Australian Bureau of Meteorology & CSIRO 2011a). Although defined 

differently, the PDO and IPO describe the same variability in the tropical Pacific 

(Australian Bureau of Meteorology & CSIRO 2011a). The climate variability in terms 

of temperature and rainfall at seasonal scale at most PCCSP member countries showed 

either very weak or no significant correlation with the IPO index (Australian Bureau of 

Meteorology & CSIRO 2011c). This was probably due to seasonal or short-term 
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fluctuations being tested against the longer-term index (Australian Bureau of 

Meteorology & CSIRO 2011a). As Bindoff et al. (2007) pointed out, these variations 

actually hamper the detection of long-term trends of temperature and salinity in the 

Pacific.  

2.5 EXTREME EVENTS

Climate extreme is defined by IPCC (2012) as “the occurrence of a value of a weather 

or climate variable above (or below) a threshold value near the upper (or lower) end of 

the range of observed values of the variable”. Since the beginning of the 21st century 

some standard definition of extreme climate indices were agreed upon at regional scales 

(e.g. Manton et al. 2001; Peterson et al. 2002; Aguilar et al. 2005; Griffiths et al. 2005; 

Moberg & Jones 2005; Vincent et al. 2005) and global scale (e.g. Frich et al. 2002; 

Alexander et al. 2006). However, not all extreme events (e.g. extended heatwaves and 

cold spells) have universally applicable indices to describe them (Trewin 2009). 

Therefore, the characteristics of what is called ‘extreme weather’ may vary from place 

to place (Solomon et al. 2007). As such, there is no single temperature or rainfall 

threshold that would be considered extreme in all regions (Manton et al. 2001). 

In quantifying extreme events two main categories of extremes indices are normally 

used; those based on absolute thresholds and those based on percentiles (Unkaševi� & 

Toši� 2013) with the former referring to counts of the days crossing a specified absolute 

value, whereas the latter is based on the statistics of a climate variable (i.e. percentiles). 

Although percentiles are generally preferable, absolute thresholds are helpful in some 

applications (Folland et al. 1999), such as the frost day index, which is a threshold-

based indicator (Unkaševi� & Toši� 2013). Both categories give information on how 

frequently extreme events occur (Unkaševi� & Toši� 2013). 

Increase in average global temperatures will intensify more extreme weather conditions 

such as droughts, heatwaves, floodings and storms (Solomon et al. 2007); because the 

effect of small shift, corresponding to a small change in the mean or variance of the 

distribution affects the frequency of extremes at either end of the distribution (Salinger 
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2005; Solomon et al.2007). This shift could produce substantial changes in the 

frequency and intensity of extreme events (Karl et al. 1984; Mearns et al. 1984). The 

increase in the mean global temperature was accompanied by the increase in the 

frequency of extreme events worldwide (Solomon et al. 2007). Relatively small 

changes in the mean could produce substantial changes in the frequency of extreme 

events (Karl et al. 1984; Mearns et al. 1984), as seen in the overall increase in hot days 

and warm nights with associated decreases in cool days and cold nights at regional scale 

(e.g. Manton et al. 2001; Mataki et al. 2006; Nandintsetseg et al. 2007) and global scale 

(Alexander et al. 2006; IPCC 2012). But whatever the changes in climate mean, it is the 

extreme climate events that have greater negative impacts on human society and natural 

environments (Choi et al. 2009). The changes in average global temperature would also 

influence other climatic parameters such as rainfall extremes. For example, for the 

warmer 21st century some General Circulation Models (GCMs) projected an increase in 

precipitation in the high latitude regions, but a decrease in the subtropical region with 

greater risk of droughts (Solomon et al. 2007).  

Linkages between temperature and water vapour are well known through bio-physical 

process as evapotranspiration. Consistent with a warmer world is the rising amount of 

water vapour in the atmosphere resulting in the widespread increases in heavy 

precipitation events and increased likelihood of flooding events in many land regions, 

even those where there has been a reduction in total precipitation (Solomon et al. 2007). 

The number of heavy precipitation events has increased in many land regions since 

1950 (Solomon et al. 2007) as well as their intensity over the past decades worldwide 

(e.g. Mason et al. 1999; Haylock et al. 2006; Bernstein et al. 2007; Peralta-Hernandez

et al. 2009); but with strong regional and subregional variations as well (IPCC 2012).  

The variations in precipitation trends also indicate that climate features conveyed a wet-

dry polarized weather conditions across the globe. So at the drier end of the wet-dry 

spectrum, some regions of the world have experienced more intense and longer 

droughts, particularly in southern Europe and West Africa, whilst in some regions 

droughts have become less frequent, less intense, or shorter, for example, in central 
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North America and northwestern Australia (IPCC 2012). The record-breaking heat 

wave over Europe in 2003 summer, which soared to 1.4°C above the previous warmest 

in 1807, is an example of an exceptional extreme in this decade (Solomon et al. 2007). 

Severe droughts are projected to disrupt agricultural activities leading to decline in food 

productions which could lead to starvation crisis for the affected populace (Solomon et 

al. 2007). 

On the wet end of the wet-dry spectrum, the intensity and frequency of tropical 

cyclones plays an important role in the climate variability of the region. About 80 

tropical cyclones form around the globe annually (Gray 1979), with one-third of them 

occurring in the southern hemisphere (Kuleshov 2003). The ocean basin of the 

Northwestern Pacific was observed with more cyclogenesis than any other ocean basin 

in the world (Kuleshov 2003). The increases in storm activity in one ocean basin are 

observed to be linked with the decreases in other basins (Mimura et al. 2007). Active 

cyclones seasons also vary across the basins, for example, May to December in the 

northern Indian Ocean, and December to April in the southern Indian Ocean (Mimura et 

al. 2007). The cyclone season in the Southern Hemisphere is between November and 

April, with maximum occurrences during the January-March period (Australian Bureau 

of Meteorology & CSIRO 2011a). Since 1970 category 4 and 5 cyclones have increased 

in frequency (Emanuel 2005), intensity and duration due to global warming and climate 

change (Trenberth et al. 2007). Projected changes in the mean global precipitation for 

the 21st century present a scenario with enhanced precipitation in the higher latitudes, 

and a decreased precipitation yet with high risk of intense rainfall events associated 

with droughts and tropical cyclones in the subtropical region (Solomon et al. 2007; 

Choi et al. 2009). 

Intense rainfalls coinciding with spring tides may result in extreme sea levels or king 

tides. Extreme sea levels or king tides can cause significant coastal impacts, particularly 

of importance to small low-lying islands and atolls. A combination of three components 

are found to cause extreme sea levels: tides; seasonal or long-term fluctuations due to 

ENSO; and local short-term weather events such as storm surge and ocean waves 
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(Australian Bureau of Meteorology & CSIRO 2011a). Extreme high water observed 

worldwide since 1975 correlated with the rise in mean sea level (Solomon et al. 2007). 

Evidences of extreme sea levels with detrimental effects on small islands were not 

uncommon at the turn of the 21st century; for example, Funafuti, capital town of Tuvalu, 

was flooded in 2002 by sea water (Pittock 2009). With more than 50% of the population 

living within 1.5km of the shore, and vital infrastructure and facilities sited along the 

coast in many small island states of the Caribbean, Pacific and Indian Oceans, storm 

surges coinciding with expected rise of the mean sea level (Mimura et al. 2007), would 

result in devastating extreme sea levels. Satellite altimetry measurements placed the 

global average rate of sea level rise at 3.1mm per year during 1993-2003 period, almost 

twice that from tide gauge measurements at 1.8mm per year during 1961-2003 period 

(Solomon et al. 2007).  

2.6 THE SOUTH PACIFIC REGION 

Although the Small Island States of the South Pacific region contributed less than 1% of 

the global greenhouse gases (GHGs; Mimura et al. 2007), they comprised of some of 

the most vulnerable states because they share a number of characteristics that increases 

their vulnerability to the effects of climate change (Tompkins et al. 2005); hence, 

exposing them at the frontlines of the global climate change (Maclellan et al. 2009). 

2.6.1 TEMPERATURE

Against a backdrop of global warming the mean surface air temperature of the south 

Pacific region have also increased over the past decades. The island temperatures south-

west of the SPCZ have increased by 0.6°C to 1.0°C since 1910 (Mimura et al. 2007). 

Decadal increases of 0.3°C to 0.5°C in annual temperature have been observed to the 

north-east of the SPCZ since the 1970s (Folland et al. 2003). However, overall regional 

rate of increase based on HadCRUT3v model dataset simulation over 50 years was 

0.1°C/decade (Brohan et al. 2006), lower than the global rate at 0.13°C/decade from 

1956 to 2005 (Bernstein et al. 2007; Australian Bureau of Meteorology & CSIRO 

2011a). The IPCC Third Assessment Report (IPCC 2001) had put the rate of increase in 

the global mean surface temperature in the twentieth century at 0.17°C/decade. The 

relatively lower rate of increase in the southern hemisphere is due to the domination by 
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ocean; and ocean temperatures increase more slowly due to its larger heat capacity than 

land (Salinger 2005; Bernstein et al. 2007; Australian Bureau of Meteorology & CSIRO 

2011a).  

Recent work by the Australian Bureau of Meteorology (BoM) and the Commonwealth 

Scientific and Industrial Research Organisation (CSIRO) for 14 Pacific nations and East 

Timor under the Pacific Climate Change Science Program (PCCSP) have indicated non-

spatially uniform trends ranging around +0.08 to 0.20°C/decade over the past 50 years 

(Australian Bureau of Meteorology & CSIRO 2011a). Trends in the maximum 

temperature tend to be stronger than those of the minimum in Fiji, Tonga and Niue 

(Australian Bureau of Meteorology & CSIRO 2011a), while minimum temperatures 

have increased slightly faster than maximum in Kiribati, Marshall Islands, Tuvalu and 

Vanuatu (Australian Bureau of Meteorology & CSIRO 2011c). The difference in the 

rate of change between the maximum and minimum temperatures determines the 

diurnal temperature range (DTR) of a particular location (Stone & Weaver 2002). For 

example, a stronger minimum trend relative to that of maximum tend to cause a 

decreasing DTR, which may also be associated with more base cloud cover during the 

day (Dai et al. 1999; Solomon et al. 2007), since the reflection of sunlight by these low 

level clouds would cause a drop in daytime temperatures (Stone & Weaver 2002). 

Whilst acknowledging the general increase in the surface air temperature in the region 

during the past decades, some studies (e.g. Manton et al. 2001; Griffiths et al. 2005; 

Nicholls et al. 2005; Mataki et al. 2006; Choi et al. 2009) also indicated varying 

magnitude of extreme temperature events at regional and station-site level. For 

example, Manton et al. (2001) observed that countries of the western Pacific region 

recorded higher frequency of warm nights whilst locations in the east recorded higher 

frequency of hot days that peaked in 1998; coincidently, the year marked as the 

beginning of the hottest decade (1998-2007) globally by the IPCC Fourth Assessment 

Report (Bernstein et al. 2007). On the other hand, most stations showed a decline in the 

number of cool days and cool nights over the last four decades of the 20th century 

(Manton et al. 2001; Griffiths et al. 2005). 
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The regional variability patterns could be translated to the national setting whereby 

variations between weather stations (inter-station) could also be described accordingly 

to the underlying micro-climatic features driving them. 

2.6.2 RAINFALL

There is a general decrease in the annual total rainfall across the Asia-Pacific region 

(Manton et al. 2001), with large interannual variability experienced in the tropical 

Pacific (Australian Bureau of Meteorology & CSIRO 2011a). More recent studies 

reveal little or no clear trend in the annual total rainfall at most countries of the region 

mainly because of the high variability in rainfall (Mataki et al. 2006; Australian Bureau 

of Meteorology & CSIRO 2011c) strongly influenced by the natural climate variability 

(Australian Bureau of Meteorology & CSIRO 2011a). This variability is larger than the 

magnitude of long-term rainfall trends; as a result rainfall trends are less spatially 

coherent than those of the temperature (Australian Bureau of Meteorology & CSIRO 

2011a). 

The number of raindays also reflects the variability observed for the total rainfalls, with 

more raindays associated with more total rainfalls and vice versa (Manton et al. 2001; 

Griffiths et al. 2003). Moreover, trends in extreme rainfall indices in the Pacific tended 

to also mirror those of the total rainfall (Australian Bureau of Meteorology & CSIRO 

2011a).  

The rainfall variability in the South Pacific region is influenced by the El Niño-

Southern Oscillation (ENSO), the Interdecadal Pacific Oscillation (IPO; Salinger 2001), 

and the position of the South Pacific Convergence Zone (SPCZ) and/or the Intertropical 

Convergence Zone (ITCZ; Folland et al. 2002b; Mataki et al. 2006). The IPO is a 

natural reccurring pattern of variability in the tropical Pacific Ocean sea-surface 

temperatures, which shifts climate every one to three decades (Power et al. 1999; 

Australian Bureau of Meteorology & CSIRO 2011a). This is an ‘ENSO-like’ feature of 

the climate system that operates on decadal time scales (Salinger 2005). The changes in 
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ENSO activity from decade to decade may have influenced the ENSO-like patterns of 

decadal variability in the tropical Pacific Ocean (Power & Colman 2006). For instance, 

the positive phase of the IPO between 1978 and 1998, and the negative phase between 

1946 and 1977, corresponded to two decadal periods dominated by El Niño and La 

Niña events respectively (Salinger 2005; Australian Bureau of Meteorology & CSIRO 

2011a). The above normal sea surface temperatures indicated by the IPO index between 

1978 and 1998 also correspond to a mean annual rainfall increase of about 30% or more 

in locations north-east of the SPCZ, with corresponding decreases in mean annual 

rainfall to the south-west of the SPCZ for the same period (Australian Bureau of 

Meteorology & CSIRO 2011a). The wetter north-east locations (particularly east of 

160°W) and drier south-west locations of the SPCZ over the period 1960-2000 had been 

previously reported by Griffiths et al. (2003), and could be attributed to the north-

eastward shift of the mean location of the SPCZ (Australian Bureau of Meteorology & 

CSIRO 2011a). In addition, the Australian Bureau of Meteorological and CSIRO 

(2011a) also reported that changes in the extreme rainfall during the latter decades of 

the 20th century were consistent with the SPCZ having moved north-east, which in turn 

influences the intensity and distribution pattern of the total rainfall observed across the 

region. 

Similar with locations south-west of the SPCZ, locations north of the ITCZ just west of 

the International Date Line (IDL) were also affected by a general decline in total 

rainfalls over the past 5 decades (Australian Bureau of Meteorology & CSIRO 2011a). 

This could indicate that the ITCZ may have shifted more southward or equatorward 

from its normal position, which may be induced following the north-eastward 

movement of the SPCZ over this period. However, no published studies have indicated 

such relationship whereby if either (SPCZ or ITCZ) could have been part of what 

causes either system to be displaced; so more studies to this may shed light to this 

opinion. 

For the regional-scale studies such as carried out under the Pacific Climate Change 

Science Program (PCCSP) not all weather stations were taken into consideration due to 
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the lack of long-term data amongst other homogenity criterion used. All of the stations 

(1 or 2 per country) examined for the 15 PCCSP countries do not show any statistically 

significant annual and seasonal rainfall trends (Australian Bureau of Meteorology & 

CSIRO 2011c). For instance, for the Solomon Islands out of the seven weather stations 

throughout the country only the climate records for a Henderson-Honiara composite 

(1950-2009) and Lata (1970-2009) have been used (Australian Bureau of Meteorology 

& CSIRO 2011c). Hence, the PCCSP observations may reflect only the climate of the 

central and south-eastern region of the country which are represented by these stations 

but may not be so for the north-western region of the country. 

2.7 THE SOLOMON ISLANDS 

2.7.1 NATIONAL CIRCUMSTANCES

The Solomon Islands are located east of Papua New Guinea and northeast of Australia 

in the southwestern Pacific. It is a scattered archipelago comprised of six main islands 

(Guadalcanal, Malaita, Makira, Isabel, Choiseul, and New Georgia) and approximately 

1000 smaller islands (PIREP 2005). The Solomon Islands consist mainly of 

mountainous, heavily forested, volcanic islands and a few low-lying coral atolls with 

total land area of 28,369 km2 and jurisdiction over 1.34 million km2 of ocean within its 

200 mile Exclusive Economic Zone (EEZ) (Ministry of Environment Conservation and 

Meteorology 2008; Pacific Horizon Consultancy Group 2008). The larger islands are 

characterized by high mountains having a dry leeward side and wet windward side. 

About 63% of the total land area in the Solomon Islands comprise steep lands (> 20% 

slope) which are used for shifting cultivation by smallholders (Cheatle 1987). The 

orography of the islands may influence rainfall frequency and distribution.  

The weather in the Solomon Islands varies very much between the scattered islands due 

to the geography of the different islands, their relative position with each other, the 

direction and duration of prevailing winds and drivers of climate in the Pacific 

(MECDM 2011). The seasonal and inter annual climate of Solomon Islands is driven by 

the Intertropical Convergence Zone (ITCZ), the South Pacific Convergence Zone 



�

���

�

(SPCZ), the West Pacific Monsoon (WPM) and the El Niño Southern Oscillation 

(ENSO)(Australian Bureau of Meteorology & CSIRO 2011c).  

There are nine provinces in the country, each with an elected Premier and Council and 

with a provincial administration. There is also a municipal administration for the capital 

of Honiara. The provincial administration is weak and largely controlled by central 

government in Honiara (The World Bank nd). 

The Solomon Islands total population was estimated at 549,574 in 2010 with an annual 

growth rate of 2.3% per annum with 80% living in small rural communities (SOPAC 

2000; MECDM 2011).  Forty-one percent of the population is below 15 years of age—a 

demographic situation that is increasing vulnerability to natural hazards (The World 

Bank nd). The unique geography and scattered nature of islands has given rise to a 

heritage of considerable diversity in cultures and linguistics with about 95% of Solomon 

Islanders Melanesians, 4% Polynesian and 1% Micronesian, speaking over 65 different 

languages (Ministry of Culture Tourism and Aviation 2004).

The Solomon Islands have a high exposure to a wide range of geological, hydrological, 

and climatic hazards, including tropical cyclones, volcanic eruptions, earthquakes, 

tsunamis, landslides, floods, and droughts (The World Bank nd). The country is part of 

the Pacific Rim of fire and extends over 1,450 kilometers in a northwest-southeast 

orientation in the western Pacific (The World Bank nd). Cyclone records compiled by 

the National Disaster Management Office (NDMO) seem to indicate that most cyclones 

have occurred over the southeastern part of the country (MECDM 2011). However, the 

high variability in the number of cyclone occurrences as per locations around the 

country makes it difficult to identify any trends in frequency at a location or the country 

as a whole (Australian Bureau of Meteorology & CSIRO 2011c). The El Niño-Southern 

Oscillation (ENSO) has a strong influence on the year-to-year variability, particularly 

on the wet season of the country; and under the influence of El Niño and La Niña 

cycles, which bring risks of drought and floods, respectively (Australian Bureau of 

Meteorology & CSIRO 2011c). Over the past 30 years there have been 6 major natural 
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disasters (including 2 earthquakes-1 with an associated tsunami and 4 tropical cyclones) 

directly impacting well over 100,000 people and causing over 100 deaths (The World 

Bank nd).  

The World Bank assessment through the Global Facility for Disaster Reduction and 

Recovery (GFDRR) project for the Asia, Caribbean and Pacific (ACP) countries lists 

three factors combined to make the Solomon Islands significantly vulnerable to a wide 

range of natural hazards (The World Bank nd): 

1. Weak economy and limited livelihood opportunities 

2. Ethnic tensions and political instability, and 

3. Widely dispersed, inaccessible communities 

2.7.2 TEMPERATURE 

The Solomon Islands’ maritime-equatorial climate is generally humid and warm  

throughout the year with mean daily maximum temperature of about 30°C and a mean 

daily minimum of about 23°C (Ministry of Environment Conservation and Meteorology 

2008; Pacific Horizon Consultancy Group 2008). Preliminary analysis of the surface air 

temperature records of four synoptic stations in the Solomon Islands by the government 

reports (Ministry of Environment Conservation and Meteorology 2008; MECDM 2011) 

showed an increase in surface warming in recent years. According to the Fourth 

Assessment Report by the IPCC, the region around the Solomon Islands has already 

experienced long-term changes in climate over the last 30-100 years (Trenberth et al.

2007). Based on HadCRUT3v dataset, the annual mean surface air temperature, for 

instance, has increased by 0.6°C over the past century, with an increase of between 0.10 

and 0.20°C/decade over 1960-2010 (Brohan et al. 2006). This is consistent with some 

regional studies undertaken in the tropical western Pacific countries, such as in Fiji 

between 2003 and 2006, showing higher than normal temperatures associated with a 

significant increase in the number of both hot days and nights (Mataki et al. 2006). 

Potter (2008) reported that a warmer temperature may influence the increase in vector 

borne diseases particularly malaria and dengue fever. The recent outbreak of dengue 

fever in the Solomon Islands during the peak rainfall season (Jan-March) as reported by 
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Wilson (2013) could probably be associated with changes in mean surface air 

temperature favoring warm water conditions for breeding by the host mosquito (Aedes

sp.). 

2.7.3 RAINFALL 

Rainfall distribution is quite varied with annual average rainfall normally ranging from 

3000mm to 5500mm depending on geographical location (MECDM 2011). The optimal 

mean annual rainfall for agricultural production in the southwest Pacific is 1800-

2500mm (Bourke et al. 2006), which means the annual average rainfall in Solomon 

Islands is much higher than the optimal for crop growth and so there is no irrigation 

requirement (Pacific Horizon Consultancy Group 2008). However, analysis of the 

rainfall records of four synoptic stations on Solomon Islands show a downward trend in 

recent years (Ministry of Environment Conservation and Meteorology 2008; MECDM 

2011). As summarized in the IPCC Fourth Assessment Report, the region around the 

Solomon Islands has experienced a long-term decrease in annual mean rainfall of 20 to 

40% per century over 1901-2005 (Trenberth et al. 2007). This appears to be a general 

trend in the tropical western Pacific region since the 1960s, which was reported to be 

associated with the north-eastward shift of the mean position of the SPCZ (Griffiths et 

al. 2003).  

Since 1977, a climate shift associated with marked changes in the El Niño evolution 

was observed, with the maximum warming of the sea-surface temperature in the eastern 

and central tropical Pacific rather than in the east (Trenberth et al. 2007; Australian 

Bureau of Meteorology & CSIRO 2011a). This modified pattern is known as a ‘Central 

Pacific El Niño or ‘El Niño Modoki’ (Ashok & Yamagata 2009). This appears to be a 

general trend in the tropical western Pacific region since the 1960s, which was reported 

to be associated with the north-eastward shift of the mean position of the SPCZ 

(Griffiths et al. 2003).  

The rainfall in the tropical western Pacific region is strongly correlated with the ENSO 

phenomenon (Mataki et al. 2006). El Niño events tend to bring drier conditions in the 
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wet seasons while La Niña events tend to bring above normal rainfall during dry 

seasons particularly for the central and southeastern region of the Solomon Islands 

(Australian Bureau of Meteorology & CSIRO 2011c). El Niño events are known to 

have triggered the delayed onset of the WPM, the northeastward shift of the SPCZ and 

the equatorward shift of  the ITCZ during strongest El Niño events (Australian Bureau 

of Meteorology & CSIRO 2011a; Cai et al. 2012).  The 1997/98 El Niño resulted in 

severe drought conditions in many parts of the country. For instance, the water supply 

in Honiara decreased by 30-40% (Ministry of Environment Conservation and 

Meteorology 2008). During the El Niño year in 2004, a drought affected the country 

and caused severe food shortages particularly in Temotu province. However, extreme 

rainfalls could also be observed during El Niño events particularly on the extreme ends 

of the country. For example, TC Zoë, a category 5 cyclone hit Tikopia Island in 2002, 

an El Niño year (Rasmussen et al. 2009). Future climate change threatens to exacerbate 

the risks posed from tropical cyclones as well as floods and droughts in the country.  

2.7.4 SEASONS

There are two distinct seasons in the Solomon Islands; the wet (Nov-Apr) and dry 

(May-Oct) seasons (MECDM 2011). The wet or rainy season is usually driven by the 

westerly and north-westerly monsoonal winds associated with the onset of the West 

Pacific Monsoon (WPM) between December and February and later on between June 

and August (Australian Bureau of Meteorology & CSIRO 2011a). However, the latter 

intrusion of the WPM during June-August period is active in the northern hemisphere 

and do not affect the Solomon Islands. In the west there is a marked wet season from 

November to April, while the southeastern part of the country have almost constant 

rainfall year round as this region lies where the SPCZ is dominantly active (Australian 

Bureau of Meteorology & CSIRO 2011c). Moreover, tropical cyclones often form 

around the southern region and affect the islands, which apparently contributed to the 

high rainfall observed over this region (MECDM 2011). Analysis of records from Taro 

station, located on the northwesternmost part of Solomon Islands would allow for 

comparison with the central and southern sites to make appropriate judgement on the 

influence of the WPM on Solomon Islands during the June-August period.  
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2.7.5 TROPICAL CYCLONES 

The tropical cyclone (TC) season in the Solomon Islands typically extends from 

November through April, with its peak activity from January through March (Australian 

Bureau of Meteorology & CSIRO 2011a; c). Between 1969 and 2009 41 TCs passed 

within 400km of Honiara, representing an average of 10 cyclones/decade (Australian 

Bureau of Meteorology & CSIRO 2011c). Hence, on average the country experiences 1-

2 tropical cyclones each year (Rasmussen et al. 2009). The Australian Bureau of 

Meteorology and CSIRO (2011c) reported that tropical cyclones occurred more 

frequently during El Niño years and less frequently in La Niña years in the Solomon 

Islands, contrary to those reported for the southwest Pacific by Rasmussen et al. (2009). 

Overall, tropical cyclone activity in the Australia and the south-west Pacific region 

appears to have declined over the past decades (Rasmussen et al. 2009; Australian 

Bureau of Meteorology & CSIRO 2011c). Webster et al. (2005) reported that more than 

a doubling of categories 4 and 5 cyclones have occurred in the southwest Pacific region 

between 1975 to 1989 and 1990 to 2004. For the Solomon Islands, it is difficult to 

identify any long-term trends in frequency of tropical cyclones due to the high 

interannual variability (Australian Bureau of Meteorology & CSIRO 2011c). 

2.7.6 SEA LEVEL RISE 

Through the period 1993 to 2010, a positive trend of the sea-level height of between 8 

and 10 mm per year was found in the area of the Solomon Islands, based on satellite 

altimeters (Australian Bureau of Meteorology & CSIRO 2011c). This is larger than the 

global average rate of 3.1mm per year during 1993-2003 (Solomon et al. 2007). 

However, a reconstruction of the sea-level height over a longer period between 1950 

and 2001 shows a markedly weaker trend of between 0.5 and 1 mm per year 

(Rasmussen et al. 2009). This weaker trend coincides with the significant decrease in 

wave height in the area around the Solomon Islands by about 0.4 cm per decade 

(Trenberth et al. 2007). Despite of a weaker trend measured at global scale by satellite, 

extreme wave overtopping in coastal areas has been observed in local and isolated areas 

around the Solomon Islands. For example, frequent king tides have caused widespread 

damage to the whole livelihood in the rural communities of Titiana in Western Province 



�

�0�

�

and Ta’arutona in Malaita Province (Ministry of Environment Conservation and 

Meteorology 2008; MECDM 2011). The severity of the king tides have triggered 

concerns for relocation by these communities, which the government was addressing 

through facilitating meetings with other landowners for availability of land for the 

relocation scheme (MECDM 2011). But in general, Solomon Islands is likely to be the 

most affected by sea level rise in the Melanesian subregion (Pacific Horizon 

Consultancy Group 2009), this includes losses to its terrestrial biodiversity due to 

saltwater intrusion (Mimura et al. 2007).  

2.7.7 PROJECTIONS 

The Global Climate models (GCMs) projected an increase of precipitation in the 

northern Melanesian region but a drying during summer in the southern areas of the 

Melanesian region, along with a temperature increase of about 2°C (relative to 1980-

1999) by 2100 (IPCC 2007b). Recent studies in the Pacific by the Australian Bureau of 

Meteorology and CSIRO under the Pacific Climate Change Science Program (PCCSP) 

selected 18 GCMs from the CMIP3 database, based on their ability to reproduce 

important climate features in the Pacific for climate projections. A range of possible 

future climates was produced based on three emission scenarios (B1 (low), A1B 

(medium) and A2 (high)) for three future periods (2030, 2055 and 2090 relative to 

1990). This study projected a slight increase (<1°C) in annual and seasonal mean 

temperature by 2030, however by 2090 under the A2 (high) emission scenario 

temperature increases of greater than 2.5°C are projected for the Solomon Islands 

(Australian Bureau of Meteorology & CSIRO 2011c). The increase in mean 

temperature will be accompanied by an increase in the intensity and frequency of hot 

days over the course of the 21st century.  

Annual and seasonal rainfalls are projected to increase over the course of the 21st

century, however with little change (-5% to +5%) by 2030 but may increase to >5% by 

2090 under higher emissions (A1B and A2; Australian Bureau of Meteorology & 

CSIRO 2011c). Along with the increase in average rainfall, the intensity and frequency 

of days with extreme rainfall are also projected to increase over the 21st century. On the 
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other hand, the incidence of drought in the Solomon Islands is projected to decrease 

over the same period, consistent with the projections of increased rainfall (Australian 

Bureau of Meteorology & CSIRO 2011c). In the Solomon Islands, the prominent 

increases in the annual mean rainfall being projected is likely due to the enhanced zonal 

activity of the South Pacific Convergence Zone (Australian Bureau of Meteorology & 

CSIRO 2011a; Cai et al. 2012).  

The mean sea level in Solomon Islands is projected to continue to rise as models 

simulate a rise of 5-15cm by 2030, with increases of 20-60cm by 2090 under the higher 

emissions scenario (Australian Bureau of Meteorology & CSIRO 2011c). Land 

inundation and saltwater intrusion from overtopping may be enhanced by the projected 

sea level rise, which could also be exacerbated by storms. However, the frequent impact 

from storms in the future may be low, since tropical cyclone numbers are projected to 

decline in the south-west Pacific Ocean basin covering the coordinates, 0–40°S, 130°E–

170°E (Australian Bureau of Meteorology & CSIRO 2011c). 
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CHAPTER 3: METHODOLOGY 

3.1 RESEARCH DESIGN

The research design is based on the analysis of existing meteorological data (Ex post 

facto and Pre-experimental) based on the past 30 to 50 years of temperature and 

rainfalls records made at seven synoptic weather stations of the Solomon Islands. The 

weather stations include; Taro (Choiseul Province), Munda (Western Province), 

Honiara and Henderson (Guadalcanal Province), Auki (Malaita Province), Kirakira 

(Makira Province) and Lata (Temotu Province).  

3.2 DATA COLLECTION

The temperature (minimum and maximum) and rainfall data were collected and 

archived by the Solomon Islands Meteorological Service (SIMS) in both hard and 

digitized formats (Excel, CliCom and Climsoft; MECDM 2011). The digitized data in 

excel format were used in this study. Since the design is non-experimental ex-post facto 

research design where random selection, manipulation and control group are not 

applicable (DePoy & Gitlin 2011), sampling size depend entirely on the amount of 

observations (data) that has already existed. 

The study covers the respective period of available data for each of the stations as 

follows: Taro (temperature and rainfall 1975-2011), Munda (temperature and rainfall 

1962-2011), Honiara (temperature 1951-2011, rainfall 1955-2011), Henderson 

(temperature and rainfall 1975-2011), Auki (temperature and rainfall 1962-2011), 

Kirakira (temperature 1965-2000, rainfall 1965-2011) and Lata (temperature and 

rainfall 1971-2011). 

Supplementary data used were downloaded from the internet as follows: 

i. Tropical Cyclones/Depressions that passed through Solomon Islands Region 

between 1951 and 2003 was accessed from SIMS webpage: 

http://www.met.gov.sb/tcnames.pdf. 

ii. Niño3.4 index: ftp.cpc.ncep.noaa.gov/wd52dg/data/indices/sstoi.indices. 

iii. SOI index: http://www.bom.gov.au/climate/current/soihtm1.shtml
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3.3 DATA PROCESSING

From the daily temperature and rainfall datasets, time series analyses per monthly, 

seasonal and annual averages were calculated with the following variables; minimum 

temperature (Tmin), maximum temperature (Tmax), mean temperature (Tmean), 

diurnal temperature range (DTR), average monthly rainfall, and average annual rainfall.  

Extreme temperature thresholds were determined based on the 1st and 99th percentiles 

from the entire 30-year period, 1981-2010 for each station. As there are 365 days in a 

year, a total of 10,957 days (incl. 7 leap years between 1981 and 2010) is ranked in 

descending order from highest daily temperature to lowest for the 30-year data. So the 

1st percentile is the 110th lowest value, and the 99th percentile is the 110th highest value. 

A warm-day threshold is determined from the 99th percentile, and a cool-day threshold 

is determined from the 1st percentile of the ranked 30-year data of the daily maximum 

surface air temperature records. On the other hand, a warm-night threshold is 

determined from the 99th percentile, and a cool-night threshold is determined from the 

1st percentile of the ranked 30-year data of the daily minimum surface air temperature 

records. Hence, different thresholds were determined for extremes for each station, 

based on percentiles at each station. 

The quantification of extreme rainfall was based mainly on the absolute thresholds, 

referring to counts of days crossing a specified absolute value, and not on percentiles. 

Hence, for the extreme rainfall thresholds, daily rainfall with those from 61.4mm to 

99.9mm are referred to as high rainfall events in this study; and those equal to or more 

than 100mm are considered as heavy rainfall episodes. The minimum rainfall threshold 

of 61.4mm was averaged from the highest rainfall records of all the stations from 1981 

to 2010. The broad range (61.4–99.9mm) was chosen to account for the possible 

missing daily rainfall records in this magnitude.  

The frequency distributions of wet days were also calculated from the daily rainfall 

records of each station. A wet day in this study refers to a day with rainfall equal to or 

greater than 10mm. The minimum value of 10mm for wet days was chosen because of a 
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tendency by instrument observers to ignore smaller rainfall amounts (Lavery et al.

1992).  

Calculations of all variables were done in the Excel 2007 worksheet including all 

graphics and tabular outputs. The variables were initially rearranged into column-wise 

orientation in the excel worksheet and were imported into the R software for all 

statistical analysis. 

3.4    DATA ANALYSIS

The level of significance for all analysis was set at �=0.05 or 95% confidence level. The 

statistical techniques used in this analysis are as follows: 

3.4.1 LINEAR REGRESSION 

Linear regression analyses on annual average were carried out to determine trends of 

temperature and rainfall indices. Suppose the amount of annual rainfall or temperature 

(y) is to be predicted on the year (x). Then, the regression model of y is  

y = �o + �1x + �

Where �o and �1 are the regression coefficients that are determined from the data, and �

is the residual or error term that follows normal distribution with mean zero and 

variance constant.  

The analysis is carried out with the software R using the function ‘lm()’ to fit the model. 

Once the model is established model assumptions were tested accordingly as follows 

(Khan 2012): 

i) Assumption 1: The error (�) term has normal distribution. Normal distribution 

was assessed graphically through the Normal Q-Q Plot, density plot and the 

Shapiro-Wilk normality test (Ho: distribution is normal; so if p � 0.05 reject Ho, 

if p > 0.05 accept Ho). 
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ii) Assumption 2: The error term has a mean of zero (0) and constant variance. This 

assumption was assessed graphically using Residuals vs Fitted Plot, whereby if 

the error variance is constant, the points are scattered around both sides of the 

zero line. 

Moreover, further diagnostic measures were carried out to detect any outlier and or 

influential data, and removed upon detection. The QQ plot and boxplot were used to 

assess outliers. Influential data that affect the model were determined by the Cooke’s 

Distance, which considers any data that lie beyond the range, -1 to +1, as influential. 

The regression significance was determined as follows: 

Hypotheses Test: 

Null hypothesis Ho: The regression is not significant 

Alternative hypothesis H1: The regression is significant 

When p � 0.05, Ho was rejected, which means regression is significant. Otherwise, 

when p > 0.05, Ho was accepted and regression is not significant. But it should be noted 

that, failing to reject Ho does not mean that it was "proven" that there is no trend. 

Rather, it is a statement that the evidence available is not sufficient to conclude that 

there is a trend (Helsel & Hirsch 2002). 

Coefficient of Determination (R2):

The coefficient of determination, denoted by R2, measures the proportion of the total 

variation is explained by the fitted regression line. Its value ranges from 0 to 1 (or 

represented as 0-100%). The higher value of R2 indicates that the model is good for 

predicting y. 

3.4.2 COMPARING SEASONAL DIFFERENCE

The Wilcoxon rank sum test using the R function Wilcox.test() was used for non-

parametric independent samples to verify the differences of the seasonal distribution of 

mean surface air temperature and rainfalls of a station. The hypotheses used were as 

follows; 
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Ho: µw=µd (null hypothesis), that is, there is no significant difference in mean surface air 

temperature and rainfall. 

H1:µw >µd, (alternative) One-tailed test, that is, there is significant difference in mean 

surface air temperature and rainfall. 

3.4.3 COMPARING INTER-SITES’ TEMPERATURES AND RAINFALLS

The one-way ANOVA using the R function, oneway.test (temperature~station, 

data=…, var.equal=TRUE) was used for independent samples when comparing one 

factor (e.g. Mean temperature) with seven stations (i.e. 7 levels). The aov 

(temperature~station) function was then used to reaffirm the p-value determined above, 

then a pairwise comparison of all the means was carried out using the Tukey’s Honest 

Significant Difference function, TukeyHSD ( ). In addition, hierarchical clustering 

analysis using Ward’s method was carried out to determine the inter-station 

homogeneity of temperature and rainfall based on their mean and standard deviation. 

The hierarchical clustering, which is depicted by a dendrogram may provide evidence 

that certain locations experience a comparable climate due to the homogeneity of their 

mean and standard deviation, therefore grouped together or separately.   

3.4.4 ENSO AND SEASONAL TEMPERATURES AND RAINFALLS

An attempt to see if there is a consistent pattern between El Niño or La Niña years was 

observed by the anomalies calculated as differences from the seasonal normal. That is, 

for each station the Nov-Apr anomalies were calculated as differences from the 

Nov�Apr average temperatures or rainfall, and likewise for the May- Oct anomalies. In 

this way each year’s anomaly shows how different that year’s Nov-Apr temperature is 

from its usual value. There are no universally agreed criteria to define El Niño or La 

Niña years (Australian Bureau of Meteorology & CSIRO 2011a). However, wherever 

applicable in this thesis periods of El Niño and La Niña episodes as published (e.g. 

Folland et al. 2002a; Salinger 2005; Mataki et al. 2006; Cai et al. 2012) will be 

mentioned.  

ENSO’s impact on temperature and rainfall for the two seasons was statistically tested 

using the Pearson’s correlation coefficient (r). The R function cor.test(x, y) used here 
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represented the Pearson’s correlation coefficient (r) that determine the significance at 

95% confidence level of a variable’s association with the ENSO indices (Niño3.4 and 

SOI) at seasonal timescale. 

3.5 CLIMATOLOGICAL NORMAL

The 30-year average of the period 1961–1990 was set as the baseline by the World 

Meteorological Organization (WMO) and termed as the “normal” period (World 

Meteorological Organization 1984). Climate normals are used for two principal 

purposes; firstly, as benchmark against which recent or current observations can be 

compared and secondly, as a prediction of the conditions most likely to be experienced 

in a given location (World Meteorological Organization 2011). The global mean 

temperature datasets have been calculated as anomalies from a reference period of 

1961–1990. Conventionally, these periods repeat at 30-yr intervals, the next being 

1991–2020 and so forth. According to the World Meteorological Organization (2011) 

stations not having 30 years of available data may calculate averages known as 

“provisional normals” at any time. Infact, the 30-year period of reference was set as a 

standard mainly because only 30 years of data were available for summarization when 

the recommendation was first made (World Meteorological Organization 2011).  

Some studies have published climatological normal period such as 1971-2000 

(Australian Bureau of Meteorology & CSIRO 2011a; Kruger & Sekele 2012) and 1981-

2000 (Mimura et al. 2007; Australian Bureau of Meteorology & CSIRO 2011b). Using 

a more recent averaging period, results in a slight improvement in “predictive accuracy” 

for elements that shows a consistent rise or fall in its values when measured over a long 

term (World Meteorological Organization 2011). The disadvantages of frequent 

updating, however, could be considered to offset the advantage when the normals are 

being used for reference purposes, since the early intent of normals was to allow 

uniform basis for comparison among observations from around the world (World 

Meteorological Organization 2011). 
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The climatological normal used in this study was determined based on the most 

common-and-available-data years of all the stations in Solomon Islands. Two of SIMS 

stations, Henderson and Taro Stations have data’s beginning around 1975, so the next 

updated normal period would be 1981 to 2010. Hence, the normal period of 1981-2010 

was used in all the stations except for the Kirakira Station’s data, which did not have 

data beyond 2000. Kirakira’s temperature and rainfall anomalies were calculated based 

on 1971-1999 average. In general, cautionary interpretation should be observed in 

comparing results of this study with others. However, inter-station comparision may be 

reliable, and may form basis for future studies in the Solomon Islands.  

3.6 TREATMENT OF MISSING TEMPERATURE DATA 

The World Meteorological Organization (2011) has suggested that normals should only 

be calculated, when at least 80% values are available for the years of record, with no 

more than 3 consecutive missing years; and monthly value should not be calculated if 

more than 10 daily values are missing. Other studies (e.g. Manton et al. 2001) follow 

the WMO criteria by only analyzing data containing less than 20% of the daily values 

missing in each year. While others set their own criteria suited to their purpose, for 

example, Haylock and Nicholls (2000) eliminated from analysis rainfall records with 

more than 2.7% daily values missing in a year, and Peralta-Hernandez et al. (2009) 

eliminated rainfall records with equal to or more than 30% of daily rainfall values 

missing in a year. In spite of the homogeneity criteria, few analyses such as that of  

Mason et al. (1999) were considered significant and conclusive even with data 

inhomogenities resulting from site and instrumentation changes were not corrected.  

Therefore, it is clear that 100% homogeneity is not possible in many weather recording 

stations (World Meteorological Organization 2011). There is no single best 

recommended approach of eliminating non-climatic factors (Costa & Soares 2009). 

Alternative measures could be followed to minimize inhomogenity, including the 

removal from analysis the incomplete datasets (World Meteorological Organization 

2011). For the Solomon Islands total elimination of incomplete datasets would further 

reduce the data in many stations, that could lead to biased estimates with larger standard 
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errors due to reduced data size (Gelman & Hill 2007).  Therefore, filling of gaps via a 

reference-station technique was undertaken in this study to fill-in missing daily 

temperature data.  

Missing datas were initially quantified and displayed in graphs (see Appendix I). The 

visual representations helped in the identification of common data-years available for 

the purpose of reference-station technique. Firstly, the common-and-available data 

years of at least ten years were identified between two stations (a reference and 

candidate station-see Appendix I for definition). Then, their respective monthly 

averages were established from the common data years. Each monthly average was 

compared and their respective differences were calculated. These monthly differences 

were then used to add to or subtract accordingly from the daily available temperature 

values of the reference station, to fill-in the missing daily temperature values of the 

candidate station. For the reference-stations and periods used to impute temperature 

data for the respective weather stations see Appendix I for detail. Note that in some 

cases the amount of data gaps filled was quite extensive, such as at Honiara where many 

missing observations existed for more than ten years. However, stringent statistical tests 

(QQ plot, box plot and Cook’s distance as described under section 3.4.1) were 

performed on all dataset of any given variable to give a homogeneous set of values 

before trends were calculated. The removal of influential data through the diagnostic 

tests mentioned, minimize the risk of bias in the dataset that may have been inflicted by 

the imputation process. 

In addition, some quality control measures undertaken included: examining the 

metadata (history of data) of all weather stations, verifying the sources of data, 

identifying gaps (missing data) and suspicious erroneous values in the records. 

Inconsistencies in data recordings were also highlighted. Some histories of weather 

stations (Metadata) were established through literature (particularly government reports) 

and contacts with SIMS data personnel. It must be noted that metadata recording in the 

Solomon Islands is poor. Hence, the quantification of the gaps would also shed light for 

the need of an effective and efficient climate data management in the Solomon Islands. 
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2013). NOAA also expected that sites in the Southern Hemisphere will follow suit in 

the next few years (NOAA 2013). This is justified by the fact that CO2 added to the 

atmosphere and oceans remains for thousands of years, making it more difficult to avoid 

substantial climate change in the future (NOAA 2013). 

Secondly, a 2.5°C increase (rel. to 1990) in temperature projected for the South Pacific 

region by the end of the 21st century as indicated by the IPCC (Mimura et al. 2007), 

falls within the high (A2) emission range projected for the Solomon Islands by 2090 in 

the PCCSP report (see Table 3.7-1).  

Thirdly, global models reported by the IPCC (Mimura et al. 2007) simulated a high 

variability in annual rainfall between -10 to +10% over most small islands in the South 

Pacific but recent projections for the PCCSP region resulted in higher variability in 

annual rainfall of -8 to +21% between 2030 and 2090 under the three emissions 

scenarios for the Solomon Islands (see Table 3.7-1). In this sense, it can be possible that 

at site-level the future annual rainfall variability could be even higher than the regional 

projections. 

3.7.2 RETURN PERIODS OF HEAVY RAINFALLS 

Return periods (also known as the recurrence interval) is a statistical measure of the 

average interval between occurrences of a particular phenomenon, such as a flood of a 

given magnitude, a devastating storm, an exceptionally heavy snowfall, etc (Dunlop 

2008d). Here the heavy rainfall events with daily rainfall equal to or higher than 100mm 

are considered. For the extreme rainfall return periods, observed data were sorted in 

descending order using Excel 2007 visual basic program. The upper limit of the climate 

change values (in %) under the A2 scenario for the future periods, 2030, 2055, and 2090 

for the Solomon Islands were obtained from the ClimateFuture software. These values 

were then factored into the observed data to give the projected values of worst case 

scenario for the three future periods. Finally, log graphs of the return periods for the 

respective future periods were constructed in the Excel worksheet to determine the 

intensities and frequencies of the extreme rainfalls. Note that the total annual average 
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rainfall changes (i.e. 8% for 2030, 13% for 2055 and 21% for 2090) were also used on 

the heavy rainfalls since no projected changes on extreme rainfall was generated for the 

Solomon Islands in the PCCSP (Table 3.7-1). Hence, the projected changes for the 

extreme rainfalls may be underestimations and must be interpreted with caution. 

The computed changes in both temperature and rainfall in this study are intended for 

general communication and does not focus on any specific Risk and Impact Assessment 

or project.  
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CHAPTER 4: RESULTS

4.1 TARO WEATHER STATION

4.1.1 INTRODUCTION 

Taro Station is located on a small low-lying island, off the northwestern end of Choiseul 

Island at latitude 06°42	S, longitude 156°24	E, making it the farthest northwest station 

of the SIMS network. Situated at only 1.2m above the mean sea level, it is also the 

lowest of the SIMS network.  

Taro Island is where the Choiseul Provincial-Government Headquarter is located. An 

airstrip runs lengthwise along the entire island and that accomodates for domestic flight 

services provided by the local carrier the Solomon Airlines. Weather observations are 

also done for domestic aviation purposes (MECDM 2011).  

Sasamunga, a site on south Choiseul Island was originally established as the weather 

station but later moved further west to Taro Island, where it is now. The data generated 

from Sasamunga was not included in the dataset analyzed in this study. The digitized 

data of daily temperatures and rainfalls at Taro station starts from 17 October 1975. 

However, time series analysis of average annual surface air temperature and annual 

total rainfall at Taro in this study considered the period 1976-2011, while the extreme 

temperature and rainfall indices were based on 1981-2010 period.  

Weather data was collected on an ad hoc and short-term basis by other ventures for their 

own operating purposes on Choiseul Island. Sumitomo Mineral Mining Ltd (SMM), a 

Japanese Nickel Prospecting company that worked on the Southeastern part of Choiseul 

Island since 2006 installed an Automatic Weather Station (AWS) facility at its base 

camp at Siruka in 2007 (Sumitomo Mineral Mining (SI) Ltd 2008). Preliminary results 

from Siruka weather data were used to supplement the data collected by SIMS. Rainfall 

analysis from both Siruka and Taro indicated that Choiseul Island’s rainfall cycle is 

different to those of the other islands in the Solomon Islands, mainly due to its close 

proximity to the ITCZ, which is more intense during the June-August period. 
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4.1.2 SURFACE AIR TEMPERATURE AT TARO

From the daily temperature records collected at Taro weather station from 1976 to 2011, 
the monthly and annual climatological values of the temperature indices (variables) 
were calculated based on 1981-2010 period (Table 4.1-1). Note that Taro’s wet and dry 
season is opposite to those of the other 6 stations in the Solomon Islands.  
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The mean annual surface air temperature (Tmean) at Taro during the 30-year period 

from 1981 to 2010 was 27.5°C. December and January are the warmest months with 

daily temperatures both averaged at 28.2°C, and July being the coldest month at 26.8°C 

(see Table 4.1-1 & Figure 4.1-1a). The mean annual surface air temperature during 

Taro’s dry season (Nov-Apr) was 27.9°C and the mean annual surface air temperature 

during its wet season (May-Oct) was 27.1°C (Figure 4.1-2).  

The average maximum surface air temperature (Tmax) was 30.6°C.  The hottest average 

maximum surface air temperature was 31.4°C occurring in December and January. The 

coolest maximum surface air temperature was 29.6°C and occurred in July (Figure 

4.1-1b). The average annual maximum surface air temperature during Taro’s dry season 

(Nov-Apr) was 31.0°C and the average annual maximum surface air temperature during 

its wet season (May-Oct) was 30.1°C (Figure 4.1-2).

The average annual minimum surface air temperature (Tmin) was 24.4°C.  The warmest 

minimum surface air temperature was 24.8°C occurring in December and January. The 

coolest minimum surface air temperature highest on average was 24.0°C in July through 
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September (Figure 4.1-1c). The average annual minimum temperature during Taro’s dry 

season (Nov-Apr) was 24.7°C and the average annual minimum temperature during its 

wet season (May-Oct) was 24.2°C (Figure 4.1-2).  
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4.1.2.1.3 Minimum surface air temperature 

The nighttime temperature anomalies of the years 1998 and 2005 were the warmest at 

Taro, when the nighttime surface air temperature peaked above the normal of 24.4°C at 

+0.4°C, with the nighttime temperature anomalies of 1983 and 1984 as the least at          

-0.6°C below the normal (Figure 4.1-3c). There was an increasing minimum surface air 

temperature rate at +0.10[0.04-0.17]°C/decade at Taro from 1976 to 2011. The 

coefficient of determination, R2, for the fitted regression line was about 25%. 
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4.1.3 TEMPERATURE ANOMALIES ON DRY AND WET SEASONS

4.1.3.1.1 Mean surface air temperature 

The mean temperature anomalies during the Nov-Apr period peaked above the Nov-Apr 

normal of 27.9°C at +0.5°C in 2007, with the lowest anomaly at -0.7°C in 1976 and 

1982 (Figure 4.1-4a). On the other hand, the mean temperature anomalies during the 

May-Oct period peaked above the May-Oct normal of 27.1°C at +0.4°C in 2009, with 

the lowest anomaly at -0.6°C in 1979/80 and 1993 (Figure 4.1-4a).  

4.1.3.1.2 Maximum surface air temperature 

The maximum temperature anomalies during the Nov-Apr period peaked above the 

Nov-Apr normal of 31.0°C at +0.6°C in 2007 and 2011, with the lowest anomaly at       

-1.2°C in 1976 (Figure 4.1-4b). 2007, though considered a neutral year (Australian 

Bureau of Meteorology & CSIRO 2011a), was initially influenced by the warmer El 

Niño episode that started in the previous year, 2006. 2011, was considered a La Niña 

year, with the event building up from the second half of 2010 (World Meteorological 

Organization 2012). However, 2011 nominal value of +0.40°C is also the warmest ever 

to occur in a moderate or strong La Niña year at the global level (World Meteorological 

Organization 2012). The positive anomalies in early 2011 were caused by the highest 

levels of outgoing long-wave radiation ever recorded since the 1970s (World 

Meteorological Organization 2012). The Southern Oscillation Index (SOI) is the 

barometric pressure difference between Tahiti and Darwin (Robinson & Henderson-

Sellers 1999) and it is the measure of the atmospheric component of the ENSO. The 

SOI is significantly featured (r=0.41; Table 4.1-2) during the Nov-Apr period for the 

Maximum temperature. This may be in principle consistent with the highest SOI index 

ever recorded over a six-month period between November 2010 and April 2011 at the 

global scale since 1917 (World Meteorological Organization 2012). In 1976, a Neutral 

year, the temperature was dragged down initially by the cooling influence of La Niña in 

the three preceding years (1973-1975). The natural interannual variability also 

influenced this anomaly. 
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The maximum temperature anomalies during the May-Oct period peaked above the 

May-Oct normal of 30.1°C at +0.6°C in 1988, with the lowest anomaly at -1.1°C in 

1976 and 1980 (Figure 4.1-4b). 1988, though a La Niña year, was initially influenced 

from January to March by the El Niño events of the two preceding years (1986-1987) 

(Mataki et al. 2006). 1980 was considered a neutral year, preceding the La Niña year, 

1981. Note that the seasonal maximum temperature anomaly was at its lowest during 

both seasons in 1976. The impact of ENSO on the maximum surface air temperature at 

Taro was featured more strongly during the May-Oct period than in the Nov-Apr 

period, since the maximum temperatures showed significant correlation with the 

Niño3.4 and SOI indices (Table 4.1-2). Furthermore, the decadal variability is more 

pronounced on the maximum surface temperature during the May-Oct period than in the 

Nov-Apr period (Figure 4.1-4), as the maximum temperature though weakly correlate 

(r=-0.39) to the Pacific Decadal Oscillation (PDO) is significant at 95% confidence 

level (Table 4.1-2). The PDO is a naturally occurring ENSO-like spatial pattern of the 

sea-surface temperature observed at the decadal timescale (Australian Bureau of 

Meteorology & CSIRO 2011a). 

�

4.1.3.1.3 Minimum surface air temperature 

The minimum temperature anomalies during the Nov-Apr period peaked above the 

Nov-Apr normal of 24.7°C at +0.5°C in 1998, with the lowest anomaly at -1.1°C in 

1982 (Figure 4.1-4c). 1998 was influenced by the strong 1997/98 El Niño and was 

considered as significantly warmer than 1983, a year warmed by the comparable 

1982/83 El Niño (Folland et al. 2002a). The lowest peak observed in 1982 is identified 

as caused by erroneous data entries in November and should not be considered as it is. 

The minimum temperature anomalies during the May-Oct period peaked above the 

May-Oct normal of 24.1°C at +0.6°C in 1982, with the lowest anomaly at -0.6°C in 

1984 (Figure 4.1-4c). 1982, was warmed by an El Niño episode (Folland et al. 2002a). 

The 1982/83 and 1997/98 episodes were regarded as two of the strongest El Niño events 

of the century (Mataki et al. 2006; Cai et al. 2012).  
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The impacts of ENSO on the minimum surface temperatures were not significant at the 

95% confidence level during both seasons for the 1976-2011 period compared to that of 

the maximum surface temperature during the same period (Table 4.1-2). 
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4.1.4 THE DIURNAL TEMPERATURE RANGE (DTR) 

The differences between the average maximum (daytime) and minimum (nighttime) 

temperatures give the diurnal temperature range (DTR). The DTR follows a general 

‘V’-like pattern as displayed by the monthly average temperatures, where these 

differences decreases mid-year ward (Figure 4.1-5a). Figure 4.1-5a also showed that 

November registered the highest mean DTR at 6.6°C followed closely by December at 

6.5°C and January at 6.4°C; and decreases mid-year ward with July registering the 

lowest mean DTR at 5.5°C followed by August at 5.6°C. Furthermore, the changes 

between the months of December to July were more varied than those from January to 

June, hence, making this phase (Dec-Jul) the steeper side of the “V” (Figure 4.1-5a).  

The Nov-Apr period has an average DTR of 6.3°C, slightly higher than that of May-Oct 

period (5.8°C) from 1976 to 2011. On annual basis, 1984 was observed with the the 

highest DTR at 7°C whilst 1977 had the lowest at 4.9°C during 1976-2011 period 

(Figure 4.1-5c). There was an increasing trend in the average annual DTR at a rate of 

+0.28[0.16-0.40]°C/decade at Taro from 1976 to 2011. The coefficient of 

determination, R2, for the fitted regression line for the average annual DTR was about 

40%. 
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4.1.5 TEMPERATURE EXTREMES

4.1.5.1 Past thermal markers 

From the daily temperature records observed at Taro Weather Station from 1976 to 

2011, the highest maximum daytime surface air temperature at Taro was recorded on 

the two consecutive days, 8 and 9 May 2011 at 36.0°C and the lowest daytime surface 

air temperature was recorded at 23.4°C on 22 March 1999. The lowest nighttime 

surface air temperature at Taro was recorded at 17.6°C on 25 March 1994, and the 

highest nighttime surface temperature was recorded at 28.5°C on 22 March 1999. 

4.1.5.2 Warm and Cool Days at Taro 

A total of 115 warm-days (days with Tmax �33.2°C) were observed at Taro from 1981 

to 2010, whereby 99 (86%) occurred during the dry season (Nov-Apr) and 16 (14%) 

occurred during the wet season (May-Oct) (Figure 4.1-6a_ii). The month of January 

was observed with the highest occurrences of warm days at 26 events followed by 

December at 21 events, with August and September observed with no warm days 

recorded at Taro  from 1981 to 2010 (Figure 4.1-6a_i). On annual basis, 2010 was 

recorded with the highest occurrence of warm-days with 12 events, whilst no warm-

days event were recorded in 1981/82, 1984, 1989/90, 1992-1994 and 1998 (Figure 

4.1-6c_i). There was an increasing trend in the annual number of warm-days by 

+2.1[0.9-3.3] warm-days/decade at Taro over the 1981-2010 period (Figure 4.1-6c_i). 

The coefficient of determination, R2, for the fitted regression line was about 32%. 

A total of 116 cool-days (days with Tmax�26.8°C) were observed at Taro from 1981 to 

2010, whereby 21 (18%) occurred during the dry season and 95 (82%) occurred during 

the wet season (Figure 4.1-6a_i). The month of July was observed with the highest 

occurrences of cool days at 37 events followed by August with 15 events, and January 

and February were observed with the lowest occurrences of cool days with 2 events 

(Figure 4.1-6a_i). On annual basis, 1993 was recorded with the highest occurrence of 

cool-days with 11 cool-day events, whilst 1997 was recorded with no cool-days (Figure 

4.1-6c_i). There was a decreasing trend in the annual number of cool-days by 0.4[-1.4-
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0.5] cool-days/decade at Taro from 1981 to 2010 (Figure 4.1-6c_i). The coefficient of 

determination, R2, for the fitted regression line was about 4%. 
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4.1.5.3 Warm and Cool nights at Taro 

A total of 119 warm-night events (nights with Tmin �26.9°C) were observed at Taro 

from 1981 to 2010, whereby 110 (92%) occurred during the dry season and 9 (8%) 

occurred during the wet season (Figure 4.1-6b_ii). The month of January was observed 

with the highest occurrences of warm nights with 30 events followed by December with 

25 events, with July through September observed without any warm-nights (Figure 

4.1-6b_i). On annual basis, 2007 was recorded with the highest occurrence of warm-

nights with 15 events, whilst 1993 had no warm-night (Figure 4.1-6c_ii). There was an 

increasing trend in the annual number of warm-nights by +0.7[-0.8-2.1] warm-

nights/decade at Taro from 1981 to 2010 (Figure 4.1-6c_ii). The coefficient of 

determination, R2, for the fitted regression line was about 3%. 

A total of 90 cool-nights (nights with Tmin �22.0°C) were observed at Taro from 1981 

to 2010, whereby 42 (47%) occurred during the dry season and 48 (53%) occurred 

during the wet season (Figure 4.1-6b_ii). On annual basis, 1982 was recorded with the 

highest occurrence of cool-nights with 23 events, whilst no cool-night events were 

observed in the years 1986, 1990/91, 1995/96, 1998/99, 2005, 2007 and 2010 (Figure 

4.1-6c_ii). There was a decreasing trend in the annual number of cool-nights by 0.5[-

1.7-0.7] cool-nights/decade at Taro during 1981-2010 period (Figure 4.1-6c_ii).� The 

coefficient of determination, R2, for the fitted regression line was about 2%.�
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The peak rainfall month of July tend to be preceeded by a calm period (May-June). An 

abrupt decline in rainfall in August and then climbed slightly in September and October 

before a gradual decline to the least average monthly rainfall in December (Figure 

4.1-7�). Of the average annual rainfall of 3277.7mm, 47% (1538.6mm) were measured 

during the dry season (Nov-Apr) and 53% (1739.1mm) during the wet season (May-

Oct) (Figure 4.1-7b).  
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4.1.6.1 Past rainfall trends  

4.1.6.1.1 Average annual rainfall  

The daily rainfall data over a period of 35 years (1976-2011) for Taro was also 

examined for long-term rainfall changes. Over this period, there has been substantial 

variation in annual rainfall over Taro (Figure 4.1-8). The rainfall anomalies at Taro 
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from 1976 to 2011 peaked above average of 3277.7mm at +56.6% in 1993 with other 

secondary peaks observed as follows, +24.6% in 1984, +20.7 % in 1988 and +17.9 % in 

2001 (Figure 4.1-8). 1991 and 1997 were observed with the lowest rainfall anomalies at 

Taro at -23.7% and -24.5% respectively (Figure 4.1-8). The average annual rainfall 

trend has decreased by 1.2[-4.8-2.3]%/decade over 1976 to 2011 period (Figure 4.1-8). 

The coefficient of determination, R2, for the fitted regression line was about 2%. 
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4.1.6.1.2 Rainfall anomalies on Dry and Wet seasons  

The average rainfall anomalies during the Nov-Apr period peaked above the Nov-Apr 

average of 1538.6mm at +50.7% in 1993, with the lowest anomaly at -41.5% in 1991 

(Figure 4.1-9a). 1993 is an El Niño year; however, the anomaly was largely due to the 

natural interannual variability at Taro. In addition, two tropical cyclones (TCs Roger 

and Rewa) passed through the Solomon Islands region in March and December of 1993, 

may have elevated the rainfall.  The Australian Bureau of Meteorology and CSIRO 

(2011c) reported a higher occurrence of tropical cyclones during the Nov-Apr period in 

Solomon Islands.The low anomaly in 1991 was impacted by the El Niño event of that 

year, resulting in a reduced rainfall. 

The average rainfall anomalies during the May-Oct period peaked above the May-Oct 

average of 1739.1mm at +59.3% in 1993, with the lowest anomaly at -44.5% in 1997 

(Figure 4.1-9b). The seasonal rainfall anomalies were high at both seasons in 1993, with 

the May-Oct anomaly higher than the Nov-Apr rainfall. The May-Oct rainfall largely 

elevated by the relatively high July rainfall (Figure 4.1-7a) at Taro, where the rainfall 

season (Figure 4.1-7b) is opposite to the stations located further south.1997 rainfall was 

reduced by the influence one of the strongest El Niño event of the century (Mataki et al.

2006; Cai et al. 2012).  

An attempt to gauge the association between the seasonal rainfalls and the ENSO 

indices (Niño3.4 and SOI) and PDO at Taro in the 1976-2011 period, using the Pearson 

Correlation (r) method proved statistically insignificant at the 95% confidence level.�
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4.1.6.2 Wet days at Taro 

The daily rainfall data over a period of 30 years (1981-2010) for Taro were also 

examined for changes in the number of wet-days (daily rainfall equal to or above 

10mm). The total number of wet-days from 1981 to 2010 was 2865 wet-days, with the 

number of wet days per month formed a dome-like distribution pattern with lesser 

amount on the extreme months and increasing rainfall amounts going mid-monthward, 

towards July (Figure 4.1-10a). April was observed with the highest incidence of wet 

days at 280 followed by July at 275. December was observed with the lowest at 165, 

followed by January at 197. Of the total of 2865 wet days observed during the 1981-

2010 period 1323 (46%) occurred during the dry season and 1542 (54%) occurred 

during the wet season (Figure 4.1-10b). So there was relatively higher occurrence of 

wet days (�10mm) during the wet season than the dry season during the 1981-2010 

period. 

�

�<=>?@�
��������A@�E>DO@?�BM�J@L�HGPF� �HG<CP�?G<EMGCC�?��DD��I@?� �G��DBELA� �O�� F@GFBE�GL��G?B�OGF@H�BE������
�����I@?<BH��



�

�	�

�

On annual basis, 1993 was recorded with the highest frequency of wet-days, totaled to 

129 wet-days followed closely by 1984 and 2010 with 125 and 123 wet days 

respectively (Figure 4.1-11a). 1997 was observed with the least number of wet-days 

with 62 events. There was a decrease in the annual number of wet days by 1.7[-8.54-

5.12] wet-days/decade (Figure 4.1-11a). The coefficient of determination, R2, for the 

fitted regression line for the annual number of wet days was about 1%. On longer 

timescale, there was an interannual cycle with maximum rainfalls every ~10 years for 

the annual and wet season rainfalls (Figure 4.1-11a). 

On seasonal basis, for the Nov-Apr period, 1984 was recorded with the highest number 

of wet days with 63 events, with 1999 recorded with the least at 23 wet days (Figure 

4.1-11b). For the May-Oct period, 2010 was recorded with the highest wet days at 69, 

with 1993 recorded with the least at 26 wet days during the period 1981-2010 (Figure 

4.1-11b). The trend in the number of wet days decreased during dry season (Nov-Apr) 

by 1.7[-5.3-1.9] wet-days/decade, with R2 at 4%. The trend in the number of wet days 

during wet season (May-Oct) increased by +1.4[-2.41-5.21] wet-days/decade, with R2 at 

2% at Taro from 1981 to 2010.  
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4.1.7 RAINFALL EXTREMES

4.1.7.1 Past rainfall markers 

From the daily rainfall records from 1976 to 2011 at Taro Weather Station, the highest 

daily rainfall recorded over a 12-hour period was 257.4mm on 1 July 1979. The highest 

monthly rainfall recorded was 752.3mm on June 1993 and the lowest was 25.4mm on 

December 1991. The highest annual rainfall was 5132mm in 1993 and the lowest 

annual rainfall was 2473.8mm in 1997 (Table 4.1-3).

4.1.7.2 High rainfall events 

A total of 165 high-rainfall days (daily rainfall from 61.4 to 99.9mm) were observed at 

Taro from 1981 to 2010 (Table 4.1-3). September was recorded with the highest 

occurrences of high rainfalls at 20, followed by February, March and April at 19, 18 and 

16 events respectively (Figure 4.1-12a). December was recorded with the lowest 

incidence of high rainfalls with 8 events, followed by June and January with 9 and 10 

high rainfall events respectively.  

On seasonal basis, of the total 165 high-rainfall days, 85 (52%) occurred during the wet 

season (Nov-Apr) and 80 (48%) occurred during the dry season (May-Oct) at Taro from 

1981 to 2010 (Figure 4.1-12b).  

On annual basis, 1993 was observed with the highest incidences of high-rain days with 

12 events, while no high rainfall event was recorded in 2010 (Figure 4.1-12c). There 

was a decreasing trend in the annual number of high-rainfall events by 0.4[-1.13-0.38] 

high-rainfalls/decade at Taro during the 1981-2010 period (Figure 4.1-12c). The 

coefficient of determination, R2, for the fitted regression line for the annual number of 

high-rainfall events was about 4%. 
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4.1.7.3 Heavy rainfall events 

There were 53 heavy rainfall events (daily rainfall equal to or above 100mm) recorded 

at Taro from 1976 to 2011 with one event observed above 200mm; that is, 257.4mm on 

1st July 1979.  

The daily rainfall data over a period of 30 years (1981-2010) for Taro were examined 

for long-term precipitation changes in the number of heavy rainfall days. A total of 42 

heavy-rainfall events were on record from 1981 to 2010. February was recorded with 

the highest occurrence of heavy rainfalls at 8 events followed by April and June at 6 

occurrences, whilst no heavy rainfall was recorded for December and only a single 

event was recorded for May (Figure 4.1-13a).  

On seasonal basis, of the total 42 heavy rainfall events, equal proportion 21 (50%) 

occurred on both seasons at Taro from 1981 to 2010 (Figure 4.1-13b). The seasonal 

distribution of absolute extreme rainfalls (Figure 4.1-13b) did not reflect the general 

trends displayed by seasonal rainfall distributions (Figure 4.1-7b). This may partly due 

to the nature of extreme events, which may have rare occurances for instance, and so 

may not always reflect the average distribution.  

On annual basis, 1993 was observed as the year with highest occurrences of the heavy 

rain days with 8 heavy rainfall events (Figure 4.1-13c), which was the major contributor 

to 1993’s highest average annual rainfall of 5132mm on record for the period 1981-

2010 at Taro (Table 4.1-3). Note that the highest occurrence of heavy rainfall at Taro in 

1993 also occurred during an El Niño year (Mataki et al. 2006). There were no heavy 

rainfall events recorded over the years; 1981, 1987, 1991, 1994/5, 2000, 2002, 2004/5, 

2008 and 2010. There was a decreasing trend in the annual number of heavy-rainfall 

events by 0.2[-0.75-0.27] heavy-rainfalls/decade at Taro during 1981-2010 period 

(Figure 4.1-13c). The coefficient of determination, R2, for the fitted regression line for 

the annual number of heavy-rainfall events was about 3%. 
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4.1.8.2 Rainfall 

The likely magnitudes for the future average annual rainfall under the high emission 

scenario (A2) are presented here. From the upper limit range of 8, 13, and 21% for 

2030, 2055, and 2090 respectively that are projected by the PCCSP (Table 3.7-1), the 

average annual rainfall at Taro may increase to a value as high as 4039mm by 2090 

compared to 3277.7mm (1981-2010) (Figure 4.1-15). The likely average annual rainfall 

at Taro for the future periods 2030 and 2055 are also portrayed in (Figure 4.1-15).  

However, it must be noted that the inconsistency between the current decreasing trend 

portrayed in Figure 4.1-8 and the increasing trend projected for the annual average 

rainfall for Taro may be attributed mainly to the limitations of the climate models used 

in the projection and the high emission scenario (A2) or worst case scenario is selected. 

Hence, this result should be treated with caution.The model limitations are briefly 

discussed in section 5.10.2.  
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4.1.8.3 Return periods of heavy rainfall 

As depicted in Figure 4.1-16, the intensity of days of heavy rainfalls is predicted to 

increase over the course of the 21st century. For instance, a 257.4mm rainfall would 

likely to have occurred once in 36 years of rainfall observation at Taro between 1976 

and 2011 but the same recurrence period (1 in 36 years) will likely be observed with 

heavier rainfalls of the magnitude 278mm by 2030, 314mm by 2055, and 380mm by 

2090 (Figure 4.1-16).  

Figure 4.1-16 also portrays that the frequency of days of heavy rainfalls are predicted to 

increase over the course of the 21st century. For instance, a heavy rainfall of 257.4mm

which has a return period of 1 in 36 years of rainfall observation at Taro between 1976 

and 2011 will likely occur as 1 in 30 years by 2030, 1 in 24 years by 2055, and 1 in 7 

years by 2090 (Figure 4.1-16).   
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4.2 MUNDA WEATHER STATION

4.2.1 INTRODUCTION 

The Munda Weather Station is located southwest of New Georgia Island, the biggest 

island of the Western Province at latitude 08°20	S, longitude 157°16	E. Situated on 

2.7m above the mean sea level, it is the second lowest site after Taro weather station. 

Munda weather Station is located adjacent to an airstrip, which is currently under 

refurbishment to be upgraded as Solomon Islands’ second international airport 

(Solomon Times 2011).  The station collects weather data for both aeronautical and 

climatological purposes (MECDM 2011). It is also the second WMO-nominated Global 

Surface Network (GSN) station within the SIMS network, and performs both hourly 

and three-hourly synoptic observations (MECDM 2011). 

Munda station is the only SIMS-operated weather station that has operated for more 

than four decades in the Western Province. Other voluntary weather data collection 

were done on adhoc basis by private institutions for their own operating purposes, such 

as the Kolombangara Forestry and Plantation Limited (KFPL) and the Vanga Technical 

College both located on Kolombangara Island in the Western Province (Wairiu 2012, 

pers.comm.). However, most of these data are on hard copy paper-based records that 

would require further data mining exercise for homogeneity reasons. The digitized data 

of daily temperatures and rainfalls at Munda station that were used in this study starts 

from 1962. The time series analysis of average annual surface air temperature and 

annual total rainfall at Munda in this study considered the period 1962-2011, while the 

extreme temperature and rainfall indices were based on 1981-2010 period.  
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coldest on average with 23.7°C (Table 4.2-1, Figure 4.2-1c). The average annual 

minimum temperature during the wet season (Nov-Apr) was 24.2°C and the average 

annual minimum temperature during the dry season (May-Oct) was 23.9°C (Figure 

4.2-2).  
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4.2.2.1 Past temperature trends at Munda 

The daily temperature data over a period of 50 years (1962-2011) for Munda were also 

examined for long-term temperature changes. 

4.2.2.1.1 Mean surface air temperature 

The mean temperature anomalies peaked above the normal of 27.3°C at +0.3°C in 1998, 

2005, 2010 and 2011 (Figure 4.2-3a). The lowest mean temperature anomaly below the 

normal was at -0.8°C in 1965. Another notable low was at -0.7°C in 1972. There was an 

increasing mean surface air temperature rate at +0.13[0.10-0.17]°C/decade at Munda 

from 1962 to 2011. The coefficient of determination, R2, for the fitted regression line 

was about 61%. 

4.2.2.1.2 Maximum surface air temperature 

The daytime maximum temperature anomalies peaked above the normal of 30.7°C at 

+0.8°C in 2011, followed by secondary peak at +0.6°C in 2010 (Figure 4.2-3b). The 

lowest daytime temperature anomaly was at -0.9°C in 1965. Other notable lows include, 

-0.6°C in 1982 and -0.5°C in 1966, 1972, 1983 and 1993. There was an increasing 

maximum surface air temperature rate at +0.11[0.06-0.16]°C/decade at Munda from 

1962 to 2011. The coefficient of determination, R2, for the fitted regression line was 

about 31%. 
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4.2.2.1.3 Minimum surface air temperature 

The nighttime temperature anomalies peaked above the normal of 24°C at +0.5°C in 

1998 (Figure 4.2-3c). The lowest nighttime temperature anomaly below the normal was 

at -1°C in 1971. There was an increasing minimum surface air temperature rate at 

+0.18[0.13-0.23]°C/decade at Munda from 1962 to 2011. The coefficient of 

determination, R2, for the fitted regression line was about 56%. 
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4.2.3 TEMPERATURE ANOMALIES ON WET AND DRY SEASONS

4.2.3.1.1 Mean surface air temperature 

The mean temperature anomalies during the Nov-Apr period peaked above the Nov-Apr 

normal of 27.7°C at +0.4°C in 2005, with the lowest anomaly at -0.8°C in 1971 (Figure 

4.2-4a). On the other hand, the mean temperature anomalies during the May-Oct period 

peaked above the May-Oct normal of 27.0°C at +0.5°C in 2010, with the lowest 

anomaly at -1.0°C in 1965 (Figure 4.2-4a).  

4.2.3.1.2 Maximum surface air temperature 

The maximum temperature anomalies during the Nov-Apr period peaked above the 

Nov-Apr normal of 31.2°C at +0.7°C in 2011, with the lowest anomaly at -0.7°C in 

1976 (Figure 4.2-4b). 2011, was considered a La Niña year, with the event building up 

from the second half of 2010 (World Meteorological Organization 2012). However, 

2011 nominal value of +0.40°C is also the warmest ever to occur in a moderate or 

strong La Niña year at the global level (World Meteorological Organization 2012). The 

positive anomalies in early 2011 were caused by the highest levels of outgoing long-

wave radiation ever recorded since the 1970s (World Meteorological Organization 

2012). 1976, though a Neutral year, the temperature was dragged down initially by the 

cooling influence of La Niña in the three preceding years (1973-1975). 

The maximum temperature anomalies during the May-Oct period peaked above the 

May-Oct normal of 30.2°C at +0.9°C in 2011, with the lowest anomaly at -1.2°C in 

1965 (Figure 4.2-4b). Note that the seasonal maximum temperature anomaly was at its 

highest during both seasons in 2011. 1965, though an El Niño year, the initial half of the 

year was influenced by the La Niña events of the preceding year (1964), dragging the 

May-Oct temperatures down. Furthermore, the negative anomaly could also be 

attributed to high levels of prevailing trade winds that cools the surface. Since the SOI 

can also be used as an indicator of the strength of the Walker Circulation and the trade 

winds (Australian Bureau of Meteorology & CSIRO 2011a), the significant correlation 

(r=0.70; Table 4.2-2) between the SOI and maximum surface temperature during the 

May-Oct period supported this hypothesis. Hence, 1965 is one El Niño year with below 
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average anomaly. The impact of ENSO on the maximum surface air temperature at 

Munda was featured more strongly during the May-Oct period than in the Nov-Apr 

period, since the maximum temperatures showed significant correlation with the 

Niño3.4 and SOI indices (Table 4.2-2). Furthermore, the decadal variability is more 

pronounced on the maximum surface temperature during the May-Oct period than in the 

Nov-Apr period (Table 4.2-2), as the maximum temperature though weakly correlate 

(r=-0.39) with the Pacific Decadal Oscillation (PDO), is significant at 95% confidence 

level (Table 4.2-2).  

4.2.3.1.3 Minimum surface air temperature 

The minimum temperature anomalies during the Nov-Apr period peaked above the 

Nov-Apr normal of 24.2°C at +0.5°C in 2005, with the lowest anomaly at -1.0°C in 

1971 (Figure 4.2-4c). 2005, though a neutral year, was ‘sandwiched’ between two El 

Niño years (2004 and 2006), hence, its temperatures were impacted by the warming 

influence of the El Niño. 1971 was a La Niña year, even preceded with another La Niña 

year (1970); these impacts together have influenced the low anomaly observed in 1971. 

The impact of ENSO on the minimum surface air temperature at Munda was featured 

more strongly during the Nov-Apr period than in the May-Oct period, since the 

minimum temperatures showed significant correlation with the Niño3.4 and SOI indices 

(Table 4.2-2). Furthermore, the decadal variability is more pronounced on the minimum 

surface temperature during the Nov-Apr period than in the May-Oct period, as the 

minimum temperature was strongly correlated with the PDO during Nov-Apr period 

(r=0.67) than during the May-Oct period (r=0.45) (Table 4.2-2).  

The minimum temperature anomalies during the May-Oct period peaked above the 

May-Oct normal of 23.9°C at +0.5°C in 1998, with the lowest anomaly at -1.1°C in 

1971 (Figure 4.2-4c). 1998 was influenced by the strong 1997/98 El Niño (Folland et al. 

2002a). Note that the seasonal minimum temperature anomaly was at its lowest during 

both seasons in 1971.  
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Overall, the impact of ENSO on the maximum surface air temperature at Munda was 

featured more strongly during the May-Oct period than its impact on the minimum 

surface temperature in the Nov-Apr period (Table 4.2-2). It is the opposite for the same 

variables with the PDO (Table 4.2-2). 

�<=>?@�
���
���@GFBEGC� L@DI@?GL>?@� GEBDGC<@F� M?BD������ LB������ GL��>EHG� KGCK>CGL@H� M?BD�GN@?G=@� F@GFBEGC�
KC<DGLBCB=<@F��H@N<GL<BE�M?BD������������MB?��G���D@GE���O���DGS��GEH��K���D<E���

�GOC@�
������!B??@CGL<BE�KB@MM<K<@ELF� �?��O@LJ@@E�#<TB
�
���"��GEH��&"�GEH� LA@�F>?MGK@�G<?� L@DI@?GL>?@F� ��D<E�
GEH��DGS�� MB?� LA@�J@L� �#BN��I?� ����������� GEH� H?P� ��GP�"KL� ����������� F@GFBE� GL��>EHG��"ECP� KB??@CGL<BE�
KB@MM<K<@ELF�LAGL�G?@�FLGL<FL<KGCCP�F<=E<M<KGEL�GL�LA@���(�C@N@C�G?@�FABJE��

�

�

�

#)*+,-.�/0.1�
�+*/� �+,1�

�23��45� �,6��7-� �23��45� �,6��7-�

�*82��	� ���� ��
��

��� ����� ���

! �� �
�� �	�� �����



�

,,�

�

4.2.4 THE DIURNAL TEMPERATURE RANGE (DTR) 

The difference between the average maximum (daytime) and minimum (nighttime) 

temperatures, which is the diurnal temperature range (DTR) follows the general ‘V’-like 

pattern as displayed by the monthly average temperatures, where these differences 

decrease mid-year ward (i.e. towards July; Figure 4.2-5a). Figure 4.2-5a showed that 

November registered the highest mean DTR at 7.3°C followed closely by December at 

7.2°C and January, March and April all at 7.0°C and decreases mid-year ward with July 

registered the lowest mean DTR at 6.0°C followed by August at 6.1°C. Furthermore, 

the changes between the months of December to July were more varied than those from 

January to June, hence, making it (Jul-Dec) the steeper side of the “V”.  

The Nov-Apr period has an average DTR of 6.3°C, slightly higher than that of May-Oct 

period (5.8°C) from 1976 to 2011. On annual basis, 2011 was observed with the highest 

DTR at 7.7°C whilst 1983 had the lowest at 5.9°C during 1962-2011 period (Figure 

4.2-5c). There was a decreasing trend in the average annual DTR by 0.06[-0.13-

0.01]°C/decade at Munda from 1962 to 2011. The coefficient of determination, R2, for 

the fitted regression line was about 7%. 
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4.2.5 TEMPERATURE EXTREMES

4.2.5.1 Past thermal markers 

From the daily temperature records observed at Munda weather station from 1962 to 

2011, the highest maximum daytime surface air temperature was recorded on 28 

February 1994 at 36.4°C and the lowest daytime surface air temperature was recorded at 

24.7°C on 9th and 11th September 1980. The lowest nighttime surface air temperature at 

Munda was recorded at 15.5°C on 30 August 1968, and the highest nighttime surface 

temperature was recorded at 24.4°C on 8 January 2005. 

4.2.5.2 Warm and Cool days 

A total of 135 warm-days (days with Tmax �33.2°C) were observed at Munda from 

1981 to 2010, whereby 122 (90%) occurred during the wet season (Nov-Apr) and 13 

(10%) occurred during the dry season (May-Oct) (Figure 4.2-6a_ii). The months of 

December and January were observed with the highest occurrences of warm days with 

29 events followed by March with 24 events, while June and August had no warm days 

(Figure 4.2-6a_i). On annual basis, 2007 was recorded with the highest occurrence of 

warm-days with 17 events, whilst 1983, 1987 and 1992 were recorded with no warm-

days (Figure 4.2-6c_i). There was an increasing trend in the annual number of warm-

days by +1.9[0.8-3.1] warm-days/decade at Munda from 1981 to 2010. The coefficient 

of determination, R2, for the fitted regression line was about 32%. 

A total of 115 cool-days (days with Tmax �26.8°C) were observed at Munda from 1981 

to 2010, 20 (17%) occurred during the wet season and 95 (83%) occurred during the dry 

season (Figure 4.2-6a_ii). July was observed with the highest occurrence of cool days 

with 29 events followed by August with 17 events, whilst November was recorded with 

the least occurrence of cool days with only 1 event (Figure 4.2-6a_i). On annual basis, 

1982 was recorded with the highest occurrence of cool-days with 12 events, whilst 1995 

and 2005 recorded no cool-day (Figure 4.2-6c_i). There was a decreasing trend in the 

annual number of cool-days by 0.6[-1.6-0.5] cool-days/decade at Munda from 1981 to 

2010. The coefficient of determination, R2, for the fitted regression line was about 5%. 
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4.2.5.3 Warm and Cool nights 

A total of 125 warm-nights (nights with Tmin �26.4°C) were observed at Munda from 

1981 to 2010, of which 79 (63%) occurred during the wet season (Nov-Apr) and 46 

(37%) occurred during the dry season (May-Oct) (Figure 4.2-6b_ii).  March and 

December were observed with the highest occurrence of warm nights with 21 and 16 

nights respectively whilst June was observed with the least occurrence of warm nights 

with 3 events (Figure 4.2-6b_i).  On annual basis, 2003 was recorded with highest 

occurrence of warm-nights with 10 events followed by 1997 and 2005 with 9 events, 
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whilst no warm-night events were recorded for 1983/84 and 2008 (Figure 4.2-6c_ii). 

There was an increasing trend in the annual number of warm-nights by +0.7[-0.4-1.8] 

warm-nights/decade at Munda from 1981 to 2010. The coefficient of determination, R2, 

for the fitted regression line was about 5%. 

115 cool-nights (nights with Tmin �21.2°C) were observed at Munda over 1981-2010 

period, with 18 (16%) occurred during the wet season and 97 (84%) occurred during the 

dry season (Figure 4.2-6b_ii). August was observed with the highest occurrence of cool 

nights with 32 events followed by September and October with 22 events, whilst 

January, May and December were observed with only 1 cool night event (Figure 

4.2-6b_i). On annual basis, 1997 was recorded with highest occurrence of cool-nights 

with 25 events followed by 1982 with 20 events, whilst no cool-night events were 

observed during 1983, 1985, 1988, 1996, 1998, 2000, 2005 and 2009 (Figure 4.2-6c_ii). 

There was a decreasing trend in the annual number of cool-nights by 0.4[-1.7-0.9] cool-

nights/decade at Munda from 1981 to 2010. The coefficient of determination, R2, for the 

fitted regression line was about 1%. 
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during the wet season (Nov-Apr) and 45% (1584.1mm) during the dry season (May-

Oct) (Figure 4.2-7b). 
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4.2.6.1 Past rainfall trends 

4.2.6.1.1 Average annual rainfall 

The daily rainfall data over a period of 50 years (1962-2011) for Munda were also 

examined for long-term rainfall changes. Over this period, there has been substantial 

variation in annual rainfall over Munda. From the 1962 to 2011, the average annual 

rainfall peaked above the normal of 3517.1mm at +26.3% in 1965 followed by a 

secondary peak at +20.7% in 2006 (Figure 4.2-8). The lowest annual rainfall anomaly 

below the normal was at -39.9% in 1997. Other distinct secondary lows are as follows; -

20.2% in 1974, -26.3% in 1987, -21.4% in 1989 and -28.1% in 2011. The annual 

rainfall trend has increased by +1.7[-0.7-4.0]%/decade at Munda from 1962 to 2011 
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(Figure 4.2-8). The coefficient of determination, R2, for the fitted regression line was 

about 5%. 
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4.2.6.1.2 Rainfall anomalies on Wet and Dry seasons  

The average rainfall anomalies during the Nov-Apr period peaked above the Nov-Apr 

average of 1933.0mm at +36.4% in 1998, with the lowest anomaly at -41.9% in 1963 

(Figure 4.2-9a). 1998 was influenced by one of the strongest El Niño episode of the 

century (Mataki et al. 2006; Cai et al. 2012), however, three tropical cyclones (TCs 

Susan, Katrina and Yali) passed through the Solomon Islands region in January and 

March of 1998, may have influenced the rainfall.  The Australian Bureau of 

Meteorology and CSIRO (2011c) reported a higher occurrence of tropical cyclones 

during the Nov-Apr period in Solomon Islands. 1963 rainfall was impacted by the El 

Niño event of that year. It seems that recent El Niños are likely to associate with more 

extreme events such as cyclones than El Niño events in the 1960s. 

The average rainfall anomalies during the May-Oct period peaked above the May-Oct 

average of 1584.1mm at +51.2% in 2009, with the lowest anomaly at -64.9% in 1997 

(Figure 4.2-9b). 2009 was an ENSO-neutral year. The low anomaly in 1997 was 

influenced by the El Niño of that year.  

No significant correlation was indicated for seasonal rainfalls with the ENSO indices 

(Niño3.4 and SOI) at Munda during 1962-2011 period (Table 4.2-4). However, the 

decadal variability was significantly featured for the May-Oct rainfall (Table 4.2-4). 
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4.2.6.2 Wet days  

The daily rainfall data over a period of 30 years (1981-2010) for Munda were also 

examined for changes in the number of wet-days (daily rainfall equal to or above 

10mm). January-March period showed the highest occurrences of wet days, with 

February being the leading month with 339 wet days over the 1981-2010 period, whilst 

October recorded the least with 214 wet days during this period (Figure 4.2-10a). The 

total number of wet-days observed during the 1981-2010 period was 3024, of which 

1639 (54%) occurred during the wet season and 1385 (46%) occurred during the dry 

season (Figure 4.2-10b).  
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On annual basis, 2009 was recorded with the highest number of wet days at 117 while 

1997 was recorded with the least at 70 wet days (Figure 4.2-11a). 1990 and 2006 were 

also recorded with high occurrence of wet-days at 115 and 116 wet days respectively. 

There was an increase in the annual number of wet days by +5.7[2.37-8.93] wet-

days/decade at Munda during 1981-2010 period (Figure 4.2-11a). The coefficient of 

determination, R2, for the fitted regression line was about 33%. On longer timescale, 

there was an interannual cycle with maximum rainfalls every ~10 years for the annual 

and wet season rainfalls (Figure 4.2-11a). 

On seasonal basis, the Nov-Apr of 1983 was recorded with the highest occurrences of 

wet days at 65, while the following year, 1984, was observed with the least at 40 wet 

days during the period 1981-2010 (Figure 4.2-11b). For the May-Oct period, 2009 was 

recorded with the highest occurrence of wet days at 63, while 1997 was recorded with 

the least occurrence of wet days at 20 (Figure 4.2-11b). The trend in the number of wet 

days increased during both season. That is, the trend during the wet season (Nov-Apr) 

increased by +2[-0.32-4.35] wet days/decade with R2 at 12%, and increased by 

+4.3[1.44-7.22] wet-days/decade with R2 at 28% during the dry season (May-Oct) at 

Munda from 1981 to 2010 (Figure 4.2-11b).  
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4.2.7 RAINFALL EXTREMES

4.2.7.1 Past rainfall markers 

From the daily rainfall record from 1962 to 2011 at Munda Weather Station, the highest 

daily rainfall that was recorded over a 12-hour period was 506.3mm on 20 January 

2010. The highest monthly rainfall was 940.9mm on January 2008 and the lowest at 

13.3mm on October 1997. The highest annual total rainfall was 4443.2mm in 1965, and 

the lowest annual rainfall was 2112.1mm in 1997 (Table 4.2-3).       

4.2.7.2 High rainfall events                                                                                                         

A total of 185 high-rain days (daily rainfall from 61.4 to 99.9mm) were accounted for at 

Munda during 1981-2010 period. The months of January through March were observed 

with the highest incidence of high rainfalls with 27 and 24 events respectively, whilst 

May was observed with the least incidence of high rainfalls with 5 high rainfall events 

(Figure 4.2-12a).  

On seasonal basis, of the total of 185 high-rainfall days, 58% (107) were observed 

during the wet season (Nov-Apr) and 42% (78) during the dry season (May-Oct) at 

Munda from 1981 to 2010 (Figure 4.2-12b).  

On annual basis, 1998 was the year with the highest occurrence of high-rainfall days 

with 12 occurrences, whilst the following year in 1999 was recorded with the least 

occurrence at only 1 event at Munda from 1981 to 2010 (Figure 4.2-12c).  There was an 

increasing trend in the annual number of high-rainfall events by +0.35[-0.72-1.41] high-

rainfalls/decade at Munda from 1981 to 2010 (Figure 4.2-12c). The coefficient of 

determination, R2, for the fitted regression line was about 2%. 
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4.2.7.3 Heavy rainfall events   

There were 109 heavy rainfall events (daily rainfall equal to or above 100mm) recorded 

at the Munda Weather station from 1962 to 2011 with four events observed above 

200mm and one event observed above 500mm. These heavy rainfall events were 

observed at the times as follows; 202mm (22nd August 1978), 205.8mm (3rd October 

1982), 216.2mm (3rd February 2007), 273.3mm (26th January 2008) and 506.3mm (20th

January 2010). The latter is the highest daily rainfall recorded since the digitalization of 

rainfall records within the SIMS network. 

A total of 62 heavy-rainfall events were on record for the 1981-2010 period at Munda. 

February was observed with the highest incidence of heavy rainfalls at 12 events, whilst 

November had no incidences of heavy rainfalls (Figure 4.2-13a).  

On seasonal basis, of the total of 62, 65% (40) occurred during the wet season (Nov-

Apr) and 35% (22) occurred during the dry season (May-Oct) at Munda from 1981 to 

2010 (Figure 4.2-13b).  

On annual basis, 2006 was the year with the highest occurrences of heavy-rainfall at 

Munda with a total of 7 events, while no heavy rainfall events were recorded in 1984, 

1986, 1991 and 2003 (Figure 4.2-13c). There was an increasing trend in the annual 

number of heavy-rainfall events by +0.24[-0.28-0.77] heavy-rainfalls/decade at Munda 

over 1981-2010 period. The coefficient of determination, R2, for the fitted regression 

line was about 3%. 
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4.2.8.2 Rainfall 
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4.2.8.3 Return periods of heavy rainfall 

As depicted in Figure 4.2-16, the intensity of days of heavy rainfalls is predicted to 

increase over the course of the 21st century. For instance, a 506.3mm rainfall would 

likely to have occurred once in 50 years of rainfall observation at Munda between 1962 

and 2011 but the same recurrence period (1 in 50 years) will likely to be observed with 

heavier rainfalls of the magnitudes 547mm by 2030, 618mm by 2055, and 748mm by 

2090 (Figure 4.2-16).  

Figure 4.2-16 also portrays that the frequency of days of heavy rainfalls is predicted to 

increase over the course of the 21st century. For instance, a heavy rainfall of 506.3mm 

which has a return period of 1 in 50 years of rainfall observation at Munda between 

1962 and 2011 will likely occur as 1 in 45 years by 2030, 1 in 35 years by 2055, and 1 

in 30 years by 2090 (Figure 4.2-16).   
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4.3 HONIARA (VAVAYA RIDGE) WEATHER STATION 

4.3.1 INTRODUCTION 

The Honiara station is located on the Vavaya Ridge in Central Honiara City at latitude 

09°25	S, longitude 159°58	E on Guadalcanal Island, the largest of the islands in the 

Solomon archipelago. Situated at 55m elevation above the mean sea level, it is the 

highest elevated station of the SIMS network. Being located on a high elevation, the 

station primarily facilitates the upper air operations, which is the only one in the SIMS 

network. The station was recently equipped with an automatic weather station (AWS), 

the only one within SIMS network. Honiara Station is one of the WMOs GSN stations 

which perform both surface and upper air observations (MECDM 2011). Meanwhile, 

operational costs and maintenance has been a set back to the sustainability of the upper 

air missions (Meke 2012, pers.comm.). 

Since operation started in the early 1950s, the operation at Honiara station was 

“disarmed” on the 24th September 1974 when a new site at Henderson Airfield located 

15km east of Honiara was newly commissioned for weather data collection (Ahikau, 

2011, email). After more than ten years of disengagement, the Honiara Station at 

Vavaya Ridge was recommisioned again on 1st March 1987 for temperature data 

collection. Rainfall data collection, however, had resumed earlier, on August of 1979.  

This study used digitized Honiara temperature data from 1951 and rainfall data from 

1955, to 2011. The time series analysis of average annual surface air temperature 

considered the period 1951-2011 and those of annual total rainfall from 1955 to 2011in 

this study. The extreme temperature and rainfall indices were based on 1981-2010 

period.  
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and August being the coldest on average with 23.0°C (Figure 4.3-1c). The average 

annual minimum temperature during the wet season (Nov-Apr) was 23.9°C and the 

average annual minimum temperature during the dry season (May-Oct) was 23.3°C 

(Figure 4.3-2).  
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4.3.2.1 Past temperature trends at Honiara 

The daily temperature data over a period of 61 years (1951-2011) for Honiara were also 

examined for long-term temperature changes. 

4.3.2.1.1 Mean surface air temperature 

The mean temperature anomalies peaked above the normal of 27.4°C at +0.6°C in 2010 

(Figure 4.3-3a). The lowest mean temperature anomaly below the normal was at -1.4°C 

in 1965. There was an increasing mean surface air temperature rate at +0.23[0.21-

0.25]°C/decade at Honiara from 1951 to 2011. The coefficient of determination, R2, for 

the fitted regression line was about 78%. 

4.3.2.1.2 Maximum surface air temperature 

The daytime maximum temperature anomalies peaked above the normal of 31.2°C at 

+0.7°C in 2010 (Figure 4.3-3b). The lowest daytime temperature anomaly was observed 

below normal at -1.3°C in 1965. There was an increasing maximum surface air 

temperature rate at +0.22[0.19-0.27]°C/decade at Honiara from 1951 to 2011. The 

coefficient of determination, R2, for the fitted regression line was about 67%. 
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4.3.2.1.3 Minimum surface air temperature 

The nighttime temperature anomalies peaked above the normal of 23.6°C at +0.5°C in 

2010 (Figure 4.3-3c). The lowest nighttime temperature anomaly was observed below 

the normal at -1.6°C in 1965. There was an increasing minimum surface air temperature 

rate at +0.25[0.22-0.28]°C/decade at Honiara from 1951 to 2011. The coefficient of 

determination, R2, for the fitted regression line was about 81%. 
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4.3.3 TEMPERATURE ANOMALIES ON WET AND DRY SEASONS

4.3.3.1.1 Mean surface air temperature 

The mean temperature anomalies during the Nov-Apr period peaked above the Nov-Apr 

normal of 27.6°C at +0.4°C in 2005 and 2010, with the lowest anomaly at -1.5°C in 

1965 (Figure 4.3-4a). On the other hand, the mean temperature anomalies during the 

May-Oct period peaked above the May-Oct normal of 27.2°C at +0.7°C in 2010, with 

the lowest anomaly at -1.4°C in 1965 (Figure 4.3-4a). Note that the seasonal mean 

temperature anomaly was at its highest during both seasons for 2010, and at its lowest 

during both seasons in 1965.  

4.3.3.1.2 Maximum surface air temperature 

The maximum temperature anomalies during the Nov-Apr period peaked above the 

Nov-Apr normal of 31.3°C at +0.5°C in 2001, 2005 and 2010, with the lowest anomaly 

at -1.2°C in 1976 (Figure 4.3-4b). 2001 was a neutral year, preceding 2002, an El Niño 

year. The El Niño in 2002 may have had an earlier onset, impacting the second half of 

2001. 2005, though a neutral year, was ‘sandwiched’ between two El Niño years (2004 

and 2006), hence, its temperatures were impacted by the warming influence of the El 

Niño. 2010 was the warmest year on record averaged across selected stations in the 

Pacific during the 1961–2010 period in a recent study by Jones et al. (2013). The year 

was strongly affected by the warming influences of El Niño in the Pacific Ocean (UK 

Meteorology Office 2011). The global average mean temperature based on the 

HadCRUT3 database shows 2010 ranked second amongst the 12 warmest individual 

years in the turn of the 21st century, second only to 1998 (UK Meteorology Office 

2011). In 1976, a Neutral year, the temperature was dragged down initially by the 

cooling influence of La Niña in the three preceding years (1973-1975).  

The maximum temperature anomalies during the May-Oct period peaked above the 

May-Oct normal of 31.1°C at +0.8°C in 2010 and 2011, with the lowest anomaly at       

-1.6°C in 1965 (Figure 4.3-4b). Note that the seasonal maximum temperature anomaly 

was at its highest during both seasons in 2010. 2011, was considered a La Niña year, 

with the event building up from the second half of 2010 (World Meteorological 
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Organization 2012). 2011 nominal value of +0.40°C is also the warmest ever to occur in 

a moderate or strong La Niña year at the global level (World Meteorological 

Organization 2012). The positive anomalies in early 2011 were caused by the highest 

levels of outgoing long-wave radiation ever recorded since the 1970s (World 

Meteorological Organization 2012). In 1965, an El Niño year, the first half of the year 

was affected by the cooling influence of the La Niña of the preceding year (1964), 

dragging its May-Oct temperatures down. Hence, it is one El Niño year with below 

average anomaly. 

The impact of ENSO on the maximum surface air temperature at Honiara was featured 

more strongly during the May-Oct period than in the Nov-Apr period, since the 

maximum temperatures showed significant correlation with the Niño3.4 and SOI 

indices (Table 4.3-2).  

4.3.3.1.3 Minimum surface air temperature 

The minimum temperature anomalies during the Nov-Apr period peaked above the 

Nov-Apr normal of 23.9°C at +0.3°C in 1998, 2004/5, 2007 and 2010, with the lowest 

anomaly at -1.9°C in 1965 (Figure 4.3-4c). 1998 was influenced by the strong 1997/98 

El Niño (Folland et al. 2002a). 2004 and 2005 high anomaly explained above. In 2007, 

considered a neutral year (Australian Bureau of Meteorology & CSIRO 2011a), the 

early months were influenced by the warmer El Niño episode that started in the 

previous year, 2006. 2010 high anomaly also explained above. The low anomaly in 

1965 explained above. 

The minimum temperature anomalies during the May-Oct period peaked above the 

May-Oct normal of 23.3°C at +0.7°C in 2010, with the lowest anomaly at -1.4°C in 

1955 (Figure 4.3-4c). Note that the seasonal minimum temperature anomaly was at its 

highest during both seasons in 2010. The low anomaly in 1955 was affected by the 

cooling influence of the La Niña in that year. In addition, 1955 was ‘sandwiched’ 

between two La Niña years (1954 and 1956); hence, its temperatures were affected by 

the overall cooling influence of the La Niña.   
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The decadal variability is more pronounced on the minimum surface temperature during 

the Nov-Apr period than in maximum surface temperature at Honiara between 1951 and 

2011 (Table 4.3-2).  
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4.3.4 THE DIURNAL TEMPERATURE RANGE (DTR)

August through October registered the highest mean DTR at 8.0°C followed by June, 

July and November with 7.8°C. March was registered with the lowest mean DTR at 

7.2°C followed closely by February and January at 7.3°C and 7.4°C respectively 

(Figure 4.3-5a).  

Both the average annual maximum and minimum surface air temperatures have 

increased significantly during the past 61 years at Honiara at almost the same rate, with 

the average annual minimum temperature increased at a slightly faster rate of 

+0.25°C/decade than that of the average annual maximum temperature at 

+0.22°C/decade. As a result, the average annual DTR at Honiara has registered a 

declining trend by 0.04°C/decade (Figure 4.3-5).  

The Nov-Apr period has an average DTR of 7.5°C, slightly lower than that of May-Oct 

period (7.9°C) from 1951 to 2011. On annual basis, 1956 was observed with the highest 

DTR at 8.4°C whilst 1980 had the lowest at 6.8°C during 1951-2011 period (Figure 

4.3-5b & c). There was a decreasing trend in the average annual DTR at a rate of 0.04[-

0.08-0.01]°C/decade at Honiara from 1951 to 2011. The coefficient of determination, 

R2, for the fitted regression line was about 4%. 
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4.3.5 TEMPERATURE EXTREMES AT HONIARA

4.3.5.1 Past thermal markers  

From the daily temperature records of Honiara from 1951 to 201 the highest daytime 

surface air temperature at Honiara was recorded on 8 November 1998 at 35.5°C and the 

lowest daytime surface air temperature was recorded at 22.8°C on 11 June 1960. The 

lowest nighttime surface air temperature at Honiara was recorded at 17.6°C on 11 

November 1965, and the highest nighttime surface temperature was recorded at 26.8°C 

on 9 March 2010. 

4.3.5.2 Warm and Cool days 

For a total of 115 warm-days (days with Tmax �33.7°C) observed at Honiara from 1981 

to 2010, 75 (65%) occurred during the wet (rainy) season (Nov-Apr) and 40 (35%) 

occurred during the dry season (May-Oct) (Figure 4.3-6a_ii). December and January 

were observed with the highest occurrence of warm-days with 21 and 17 events 

respectively, whilst June was observed with the least warm-days occurrence with 2 

events (Figure 4.3-6a_i). On annual basis, 1995 was recorded with the highest incidence 

of warm-days with 14 events followed by 2001 and 2003 with 11 and 12 events 

respectively. No warm days were recorded for 1981, 1984/85 and 1991/92 (Figure 

4.3-6c_i). There was an increasing trend in the annual number of warm-days by 

+2.0[0.7-3.3] warm-days/decade at Honiara from 1981 to 2010 (Figure 4.3-6c_i). The 

coefficient of determination, R2, for the fitted regression line was about 28%. 

For a total of 107 cool-days (days with Tmax �26.9°C) observed at Honiara from 1981 

to 2010, 46 (43%) occurred during the wet season and 61 (57%) occurred during the dry 

season (Figure 4.3-6a_ii). February was observed with the highest occurrence of cool 

days with 17 events followed by June with 16 events, whilst November was observed 

with the least at 2 cool days (Figure 4.3-6a_i). On annual basis, 1982 was recorded with 

the highest occurrence of cool-days with 10 events, whilst no cool-days were observed 

in 2002 and 2010 (Figure 4.3-6c_i). There was a decreasing trend in the annual number 

of cool days by 0.5[-1.6-0.7] cool-days/decade at Honiara from 1981 to 2010 (Figure 
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4.3-6c_i). The coefficient of determination, R2, for the fitted regression line was about 

3%. 
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4.3.5.3 Warm and Cool nights 

For a total of 118 warm-nights (nights with Tmin �25.3°C) observed at Honiara from 

1981 to 2010, 85 (72%) occurred during the wet (rainy) season and 33 (28%) occurred 

during the dry season (Figure 4.3-6b_ii). December and January were observed with the 

highest occurrence of warm nights with 21 and 22 events respectively, whilst July and 

August were observed with the least occurrence of warm nights with only 2 events 

(Figure 4.3-6b_i). On annual basis, 2010 was recorded with the highest incidences of 

warm-nights with 17 events followed by 2003 with 15 events. No warm-nights were 

recorded during 1996 and 1999/2000 (Figure 4.3-6c_ii). There was an increasing trend 

in the annual number of the warm-nights by +1.0[-0.4-2.5] warm-nights/decade at 

Honiara from 1981 to 2010 (Figure 4.3-6c_ii). The coefficient of determination, R2, for 

the fitted regression line was about 7%. 

Of a total of 115 cool-nights (nights with Tmin �20.8°C) observed at Honiara from 

1981 to 2010, 21 (18%) occurred during the wet season and 94 (82%) occurred during 

the dry season (Figure 4.3-6b_ii). August was observed with the highest occurrence of 

cool nights with 33 events followed by July with 23 cool nights, whilst no cool nights 

were observed for January and February (Figure 4.3-6b_i). On annual basis, 1987 and 

1997 were recorded with the highest incidence of cool-nights with 18 and 17 events 

respectively. No cool-nights events were recorded during 1988, 1990, 1995/96, 1999, 

2002, 2004/05, and 2007-2010 (Figure 4.3-6c_ii). There was a decreasing trend in the 

annual number of cool-nights by 2.5[-4.1 to -0.9] cool nights/decade at Honiara from 

1981 to 2010 (Figure 4.3-6c_ii). The coefficient of determination, R2, for the fitted 

regression line was about 29%. 
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4.3.6.1 Past rainfall trends 

4.3.6.1.1 Average annual rainfall 

The daily rainfall data over a period of 57 years (1955-2011) for Honiara were also 

examined for long-term precipitation changes. Over this period, there has been 

substantial variation in annual rainfall whereby the rainfall anomalies during 1955 to 

2011 fluctuated between the highest rainfall anomaly that peaked above the normal of 

1947.3mm at +49.8% (2916.4mm) in 1967 and the lowest rainfall anomaly below the 

normal at -35.1% (1264.4mm) in 1993 (Figure 4.3-8). Other notable secondary peaks 

were observed at +47% in 1972 and +39.9% in 2008. The average annual rainfall has 

decreased by 1.7[-4.5-1.2]%/decade at Honiara from 1955 to 2011 (Figure 4.3-8). The 

coefficient of determination, R2, for the fitted regression line was about 3%. 
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4.3.6.1.2 Rainfall anomalies on Wet and Dry seasons 

�
The average rainfall anomalies during the Nov-Apr period peaked above the Nov-Apr 

average of 1322.3mm at +55.0% in 2008, with the lowest anomaly at -37.7% in 1993 

(Figure 4.3-9a). The 2008 anomaly was affected by the La Niña event of that year. 

During La Niña events the easterlies strengthened, shifting the warm pool further west 

than normal resulting in enhanced rainfall across the western equatorial Pacific during 

(Pittock 2009). 1993 anomaly was affected by the El Niño of that year.  

The impact of ENSO on the wet season rainfall (Nov-Apr) at Honiara was featured 

more strongly than on the dry season rainfall (May-Oct), since the wet season rainfall 

showed significant correlation with the Niño3.4 and SOI indices (Table 4.3-4).  

  

The decadal variability is also more pronounced on the wet season rainfall than on the 

dry season rainfall at Honiara between 1955 and 2011 (Table 4.3-4).  

The mean temperature anomalies during the May-Oct period peaked above the May-Oct 

average of 625.0mm at +59.8% in 1967, with the lowest anomaly at -60.3% in 1966 

(Figure 4.3-9b). 1967 was an ENSO-neutral year. The negative and positive anomalies 

in 1966 and 1967 respectively are largely associated with the natural interannual 

variability.  
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4.3.6.2 Wet days at Honiara 

The daily rainfall data over a period of 30 years (1981-2010) for Honiara were also 

examined for long-term precipitation changes in the frequencies of wet-days (daily 

rainfall equal to or above 10mm). February and March were observed with the highest 

occurrence of wet days with 228 and 215 wet days respectively, whilst June through 

September were observed with the least occurrence of wet days with an average of 82 

events (Figure 4.3-10a). The total number of wet-days during 1981-2010 periods was 

1575 wet-days, of which 1040 (56%) occurred during the wet season and 535 (34%) 

occurred during dry season (Figure 4.3-10b).  
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On annual basis, 1988 was recorded with the highest occurrence of wet days at 70, 

while 2003 was recorded with the least at 32 (Figure 4.3-11a). There was an increase in 

the annual number of wet days by +4.6[0.60-8.67] wet-days/decade (Figure 4.3-11a). 
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The coefficient of determination, R2, for the fitted regression line was about 18%. On 

longer timescale, there was an interannual cycle with maximum rainfalls every ~10 

years for the annual and wet season rainfalls (Figure 4.3-11a). 

On seasonal basis, for the Nov-Apr period, 1999 was recorded with the highest 

occurrence of wet days at 49, while 2003 was recorded with the least at 16 (Figure 

4.3-11b). For the May-Oct period, 2002 was recorded with the highest occurrence of 

wet days at 25, while 1992 was recorded with the least at 8 wet days. The trend in the 

number of wet days increased during both season. That is, the trend during the wet 

season (Nov-Apr) increased by +2.04[-0.87-4.94] wet days/decade with R2 at 8%, and 

increased by +1.1[-0.81-2.97] wet-days/decade with R2 at 5% during the dry season 

(May-Oct) at Honiara from 1981 to 2010 (Figure 4.3-11b).  
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4.3.7 RAINFALL EXTREMES AT HONIARA

4.3.7.1 Past rainfall markers 

From the daily rainfall records at Honiara Weather Station from 1955 to 2011, the 

highest daily record over a 12-hour period was at 251.8mm on 30 January 2009. The 

highest monthly total rainfall was at 955.8mm in January 1972, whilst the lowest 

monthly rainfall was at 0mm in June 1987. The highest annual total rainfall was 

2916.4mm in 1967, whilst the lowest annual total rainfall was 1264.4mm in 1993 

(Table 4.3-3).  

4.3.7.2 High rainfall events                                                                                                         

A total of 131 high-rainfall events (daily rainfall from 61.4 to 99.9mm) were observed 

at Honiara from 1981 to 2010 period. February and March were observed with the 

highest occurrence of high rainfalls with 24 and 25 events respectively; whilst June and 
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July were observed with the least high rainfalls with 1 and 2 events respectively (Figure 

4.3-12a). 

On seasonal basis, of the total of 131, 83% (109) of high rainfall occurred during the 

wet season and 17% (22) occurred during the dry season at Honiara from 1981 to 2010 

(Figure 4.3-12b).  

On annual basis, 1999 had the most occurrences of high-rainfalls with 11 events, whilst 

no high-rainfall events were recorded in 1993 at Honiara from 1981 to 2010 (Figure 

4.3-12c). There was an increasing trend in the annual number of high rainfall events by 

+0.4[-0.54-1.28] high-rainfalls/decade at Honiara during the 1981-2010 period. The 

coefficient of determination, R2, for the fitted regression line was about 3%. 
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4.3.7.3 Heavy rainfall events 

There were 69 heavy rainfall events (daily rainfall equal to or above 100mm) recorded 

at the Honiara Weather station from 1955 to 2011 with three events observed above 

200mm. All three events occurred on the month of January as follows; 204.5mm (8th

January 1967), 224mm (12th January 1972) and 251.8mm (30th January 2009). The 

latter was the highest on Honiara record, recorded over a 12-hour period which also 

caused devastating floods that resulted in agricultural and settlement loss, infrastructure 

damage and loss of lives on northwest Guadalcanal Island (MECDM 2011). 

33 heavy rainfall events were on record for the period, 1981-2010 in Honiara. March 

was observed with the highest occurrence of heavy rainfalls with 12 events, whilst the 

months of April through October were recorded with only 1 occurrence. July and 

September were recorded with no heavy rainfall at Honiara from 1981 to 2010 (Figure 

4.3-13a).  

On seasonal basis, of the 33 heavy rainfall events, 88% (29) occurred during the wet 

season (Nov-Apr) and 12% (4) occurred during the dry season (May-Oct) at Honiara 

from 1981 to 2010 (Figure 4.3-13b). 

On annual basis, 2008 was recorded with most occurrence of heavy-rainfalls with 5 

events, whilst no high-rainfall events were recorded in 1981/83, 1987, 1990, 1992/93, 

2000/01 and 2003/07 (Figure 4.3-13c). There was a decreasing trend in the annual 

number of heavy-rainfall events by 0.04[-0.49-0.42] heavy-rainfalls/decade at Honiara 

from 1981 to 2010 (Figure 4.3-13c). The coefficient of determination, R2, for the fitted 

regression line was about 0.1%. 



�


���

�

�<=>?@� 
�
��
�� �A@� E>DO@?� BM� A@GNP� ?G<EMGCC� @N@ELF� �HG<CP� ?G<EMGCC� ?���DD�� I@?� �G�� DBELA�� GEH� �O�� F@GFBE� GL�
�BE<G?G�H>?<E=����������� I@?<BH�� �K���<D@� F@?<@F�BM�A@GNP� ?G<EMGCC� @N@ELF�GL��BE<G?G�H>?<E=����������� I@?<BH��
J<LA�C<E@G?�L?@EH�GCFB�FABJE�OP�LA@�?@=?@FF<BE�C<E@��



�
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4.3.8.2 Rainfall 
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4.3.8.3 Return periods of heavy rainfall 

As depicted in Figure 4.3-16 the intensity of days of heavy rainfalls are predicted to 

increase over the course of the 21st century. For instance, a 251.8mm rainfall would 

likely to have occurred once in 57 years of rainfall observation at Honiara between 1955 

and 2011 but the same recurrence period (1 in 57 years) will likely to be observed with 

heavier rainfalls of the magnitudes 272mm by 2030, 307mm by 2055, and 372mm by 

2090 (Figure 4.3-16).  

Figure 4.3-16 also portrays that the frequency of days of heavy rainfalls is predicted to 

increase over the course of the 21st century. For instance, a heavy rainfall of 251.8mm 

which has a return period of 1 in 57 years of rainfall observation at Honiara between 

1955 and 2011 will likely occur as 1 in 35 years by 2030, 1 in 20 years by 2055, and 1 

in 6 years by 2090 (Figure 4.3-16).   
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4.4 HENDERSON WEATHER STATION

4.4.1 INTRODUCTION 

Henderson Weather Station is located close to the International Airport at latitude 

09°25	S, longitude 160°03	E, and  located 15km east of Honiara City. Like Honiara, it is 

situated on the northern part of Guadalcanal Island, making it the second SIMS-

operated weather stations on Guadalcanal Island. It is situated 7.9m above the mean sea 

level. Henderson Station serves as an aeronautical-meteorological station that collects 

and reports weather data for both aviation and synoptic purposes (MECDM 2011). The 

station also assumes the role of administering and collecting meteorological data from 

all the other SIMS-operated stations and transmits the data to the Nadi regional data 

center that eventually relays them to the WMOs Global Telecommunication System 

(GTS; MECDM 2011).  

In past studies (e.g Australian Bureau of Meteorology & CSIRO 2011c) the Henderson 

data were used together with the Honiara data to form a Henderson-Honiara composite 

site. Here this station is studied separately. The digitized daily temperature and rainfall 

data in Henderson station started on the 24th September 1974. However, trend analyses 

of surface air temperature and rainfall from 1975 to 2011were considered for Henderson 

in this study. 
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4.4.2 SURFACE AIR TEMPERATURE AT HENDERSON

From the daily temperature records collected at Henderson Weather Station from 1975 

to 2011, the monthly and annual Climatological values of the various temperature 

indices (variables) were calculated based on 1981-2010 period (Table 4.4-1). 
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The mean surface air temperature (Tmean) at Henderson during the 30-year period from 

1981 to 2010 was 26.9°C, with December, January and February being the warmest 

months with mean temperatures averaged at 27.3°C, and July and August being the 

coldest months at 26.3°C (Table 4.4-1 & Figure 4.4-1a). The average annual mean 

temperature during the wet season (Nov-Apr) was 27.2°C and the average annual mean 

temperature during the dry season (May-Oct) was 26.6°C (Figure 4.4-2).  

The average annual daytime surface air temperature (Tmax) was 31.2°C, with 

November as the highest average daytime temperature with 31.4°C whilst July and 

August being the months with the lowest average daytime temperature with 30.9°C 

(Figure 4.4-1b). The average annual maximum temperature during the wet season (Nov-

Apr) was 31.3°C and the average annual maximum temperature during the dry season 

(May-Oct) was 31.1°C (Figure 4.4-2). 

The average annual nighttime surface air temperature (Tmin) was 22.6°C, with 23.3°C 

in January and February as the highest nighttime temperature on average whilst August 
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being the least warm on average with 21.6°C (Figure 4.4-1c). The average annual 

minimum temperature during the wet season (Nov-Apr) was 23.1°C and the average 

annual minimum temperature during the dry season (May-Oct) was 22.0°C (Figure 

4.4-2).  
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4.4.2.1 Past temperature trends  

The daily temperature data over a period of 37 years (1975-2011) for Henderson were 

also examined for long-term temperature changes.  

4.4.2.1.1 Mean surface air temperature 

The mean temperature anomalies peaked above the normal of 26.9°C at +0.5°C in the 

years 2001, 2003 and 2010, with a secondary peak at +0.4°C from 2002 to 2007 (Figure 

4.4-3a). The lowest mean temperature anomaly was at -0.7°C below normal in 1975/76 

and 1982. There was an increasing mean surface air temperature rate at +0.29[0.23-

0.35]°C/decade at Henderson from 1975 to 2011. The coefficient of determination, R2, 

for the fitted regression line was about 77%. 

4.4.2.1.2 Maximum surface air temperature 

The daytime maximum temperature anomalies peaked above the normal of 31.2°C at 

+0.7°C in 2001 and 2003, followed by a secondary peak at +0.5°C in 2005 (Figure 

4.4-3b). The lowest daytime temperature anomaly was at -1.0°C below normal in 1976. 

There was an increasing maximum surface air temperature rate at +0.36[0.29-
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0.42]°C/decade at Henderson from 1975 to 2011. The coefficient of determination, R2, 

for the fitted regression line was about 83%. 

4.4.2.1.3 Minimum surface air temperature 

The nighttime temperature anomalies peaked above the normal of 22.6°C at +0.5°C in 

the years 1998, 2002 and 2010. This was followed by secondary peak at +0.4°C in 

2006. The lowest nighttime temperature anomaly at Henderson was observed at -0.8°C 

below the normal in 1990 (Figure 4.4-3c). There was an increasing mean surface air 

temperature rate at +0.19[0.12-0.26]°C/decade at Henderson from 1975 to 2011. The 

coefficient of determination, R2, for the fitted regression line was about 48%. 
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4.4.3 TEMPERATURE ANOMALIES ON WET AND DRY SEASONS

4.4.3.1.1 Mean surface air temperature 

The mean temperature anomalies during the Nov-Apr period peaked above the Nov-Apr 

normal of 27.2°C at +0.6°C in 2001, with the lowest anomaly at -0.8°C in 1975/76 

(Figure 4.4-4a). On the other hand, the mean temperature anomalies during the May-

Oct period peaked above the May-Oct normal of 26.6°C at +0.6°C in 2003 and 2010, 

with the lowest anomaly at -0.8°C in 1982 (Figure 4.4-4a).  

4.4.3.1.2 Maximum surface air temperature 

The maximum temperature anomalies during the Nov-Apr period peaked above the 

Nov-Apr normal of 31.3°C at +0.9°C in 2001, with the lowest anomaly at -1.2°C in 

1976 (Figure 4.4-4b). 2001 was a neutral year, preceding 2002, an El Niño year. The El 

Niño in 2002 may have had an earlier onset, impacting the second half of 2001. 1976, 

though a neutral year, the temperature was dragged down initially by the cooling 

influence of La Niña in the three preceding years (1973-1975).  

The maximum temperature anomalies during the May-Oct period peaked above the 

May-Oct normal of 31.1°C at +0.9°C in 2003, with the lowest anomaly at -1.2°C in 

1982 (Figure 4.4-4b). 2003, though a neutral year, was ‘sandwiched’ between two El 

Niño years (2002 and 2005), hence, its temperatures were impacted by the warming 

influence of the El Niño. The low anomaly in 1982, a strong El Niño year (Folland et al. 

2002a), could be attributed to high levels of prevailing trade winds that cools the 

surface. Since the SOI can also be used as an indicator of the strength of the Walker 

Circulation and the trade winds (Australian Bureau of Meteorology & CSIRO 2011a), 

the significant correlation (r=0.36; Table 4.4-2) between the SOI and maximum surface 

temperature during the May-Oct period supported this hypothesis.  

4.4.3.1.3 Minimum surface air temperature 

The minimum temperature anomalies during the Nov-Apr period peaked above the 

Nov-Apr normal of 23.1°C at +0.7°C in 1998, with the lowest anomaly at -0.8°C in 

1990 (Figure 4.4-4c). 1998 was influenced by the strong 1997/98 El Niño (Folland et al. 
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2002a). 1990, a neutral year was preceded by the La Niña event of 1988/89 (Mataki et 

al. 2006), which dragged down the temperatures in the first part of 1990. 

The minimum temperature anomalies during the May-Oct period peaked above the 

May-Oct normal of 22.0°C at +0.6°C in 2002, 2009/10, with the lowest anomaly at        

-0.8°C in 1989/90 (Figure 4.4-4c). Note that the seasonal minimum temperature 

anomaly was at its lowest during both seasons for 1990. 2002, anomaly was elevated by 

the warming effect of the El Niño that year. 2010 was the warmest year on record 

averaged across selected stations in the Pacific during the 1961–2010 period in a recent 

study by Jones et al. (2013). The year was strongly affected by the warming influences 

of El Niño in the Pacific Ocean (UK Meteorology Office 2011). The global average 

mean temperature based on the HadCRUT3 database shows 2010 ranked second 

amongst the 12 warmest individual years in the turn of the 21st century, second only to 

1998 (UK Meteorology Office 2011). 

The decadal variability is more pronounced on the minimum surface temperature than 

in the maximum surface temperature at Henderson between 1975 and 2011. This is 

shown by the significant correlations in both seasons for the minimum surface 

temperature (Table 4.4-2).  
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4.4.4 THE DIURNAL TEMPERATURE RANGE (DTR) 

August and September registered the highest mean DTR with 9.2°C followed closely by 

July and October both with 9.1°C (Figure 4.4-5�5. February was registered with the 

lowest mean DTR with 7.7°C followed closely by January with 7.8°C (Figure 4.4-5a).  

The Nov-Apr period has an average DTR of 8.1°C, slightly lower than that of May-Oct 

period (9.0°C) from 1975 to 2011. On annual basis, 1990 was observed with the highest 

DTR with 9.5°C whilst 1980 had the lowest with 7.8°C during the 1975-2011 period 

(Figure 4.4-5c). There was an increasing trend in the average annual DTR at a rate of 

+0.22[0.14-0.29]°C/decade at Henderson from 1975 to 2011. The coefficient of 

determination, R2, for the fitted regression line was about 50%. 
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4.4.5 TEMPERATURE EXTREMES AT HENDERSON

4.4.5.1 Past thermal markers 

From the daily temperature records observed at Henderson weather station from 1975 to 

2011, the highest daytime surface air temperature was recorded on 1 February 2010 at 

36.1°C and the lowest daytime surface air temperature was recorded at 24.0°C on 17 

April 1976 and 5 September 1997. The lowest nighttime surface air temperature at 

Henderson was recorded at 15.0°C on 10 July 1990, and the highest nighttime surface 

temperature was recorded at 26.3°C on 21 December 1998. 

4.4.5.2 Warm and Cool days 

Of a total number of warm-days (days with Tmax �34.0°C) of 124 observed at 

Henderson from 1981 to 2010, 70 (56%) occurred during the wet season (Nov-Apr) and 

54 (44%) occurred during the dry season (May-Oct) (Figure 4.4-6a_ii). February and 

October were observed to have the highest occurrence of warm-days with 15 events, 

followed by December and January with 14 and 13 warm-days respectively. June and 

July were observed with the least occurrence of warm-days with 4 events (Figure 

4.4-6a_i). 2001 was recorded with highest occurrences of warm-days with 14 warm-

days followed by 2003 with 13 events. No warm days were observed during 1981/82, 

1984/85, 1987 and 1999 (Figure 4.4-6c_i). There was an increasing trend in the annual 

number of warm-days by +1.6[0.6-2.6] warm-days/decade at Henderson from 1981 to 

2010. The coefficient of determination, R2, for the fitted regression line was about 29%. 

A total of 112 cool-days (days with Tmax �27.0°C) were observed at Henderson from 

1981 to 2010, of which 42 (38%) occurred during the wet season and 70 (63%) 

occurred during the dry season (Figure 4.4-6a_ii). August was observed with the highest 

occurrence of cool days with 18 events followed by February with 14 events, whilst 

October and November were observed with the least occurrence of cool days with 3 

events (Figure 4.4-6a_i). 1982 was recorded with the highest occurrence of cool-days 

with 10 cool-days followed by 2009 with 7 events, whilst no cool day was recorded for 

1987. There was a decreasing trend in the annual number of cool-days by 0.1[-0.9-0.7] 
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cool-days/decade at Henderson from 1981 to 2010 (Figure 4.4-6c_i). The coefficient of 

determination, R2, for the fitted regression line was about 0.2%. 
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4.4.5.3 Warm and Cool nights 

A total of 127 warm-nights (nights with Tmin �24.7°C) were observed at Henderson 

from 1981 to 2010, of which 117 (92%) occurred during the wet season (Nov-Apr) and 

10 (8%) occurred during the dry season (May-Oct) (Figure 4.4-6b_ii).  January, 

February and March were observed with highest occurrence of warm nights with 35, 25 

and 26 events respectively, whilst no warm night events were observed for June through 

September (Figure 4.4-6b_i). 1998 was recorded with the highest occurrence of warm-

nights with 29 events followed by 2010 with 18 events, whilst no warm-night events 

occurred in 1984/85 and 1989 (Figure 4.4-6c_ii). There was an increasing trend in the 

annual number of warm-nights by +0.7[-0.4-1.8] warm-nights/decade at Henderson 

from 1981 to 2010. The coefficient of determination, R2, for the fitted regression line 

was about 6%. 

Of a total of 119 cool-nights (nights with Tmin �18.9°C) were observed at Henderson 

over the 1981-2010 period, 10 (8%) occurred during the wet season and 109 (92%) 

occurred during the dry season (Figure 4.4-6b_ii). August was observed with the 

highest occurrence of cool nights with 38 events followed by July with 30 events, whilst 

no cool-night was observed for December (Figure 4.4-6b_i). 1990 was observed with 

the highest occurrence with 21 cool-nights followed by 1993 with 13 events. No cool 

nights were recorded for, 1984/85, 1996, 1999, 2002, 2004-2007 and 2009/10 (Figure 

4.4-6c_ii). There was a decreasing trend in the annual number of cool-nights by 2.3[-3.6 

to -1.0]� cool-nights/decade at Henderson from 1981 to 2010 (Figure 4.4-6c_ii). The 

coefficient of determination, R2, for the fitted regression line was about 35%. 
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4.4.6.1 Past rainfall trends 

4.4.6.1.1 Average annual rainfall 

The daily rainfall data over a period of 37 years (1975-2011) for Henderson were also 

examined for long-term rainfall changes. Over this period, there has been substantial 

variation in annual rainfall over Henderson. Between 1975 and 2011, the average 

annual rainfall anomaly peaked above the normal of 1848.4mm at +53.9% in 1976 

followed by other secondary peaks at +42.8% in 1998, +41.1% in 2008 and +36.1% in 

2009 (Figure 4.4-8). The lowest annual rainfall anomaly observed below the normal 

was -36.5% in 1992. Other years with rainfall anomalies below -30% include, 1978, 

1987, 1992 and 1993. There was a marginally increasing trend in the average annual 

rainfall by +0.5[-6.2-7.2]%/decade over the 1975-2011 period at Henderson. The 

coefficient of determination, R2, for the fitted regression line was about 0.1%.�
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4.4.6.1.2 Rainfall anomalies on Wet and Dry seasons 

The average rainfall anomalies during the Nov-Apr period peaked above the Nov-Apr 

average of 1263.4mm at +76.7% in 1976, with the lowest anomaly at -45.4% in 1995 

(Figure 4.4-9a). 1976 was an ENSO-neutral year, with the anomaly largely due to the 

natural interannual variability. The 1995 anomaly was affected by the El Niño influence 

of that year. The impact of ENSO on the wet season rainfall (Nov-Apr) at Henderson 

was featured more strongly than on the dry season rainfall (May-Oct), since the wet 

season rainfall showed significant correlation with the Niño3.4 and SOI indices (Table 

4.4-4).  

The mean temperature anomalies during the May-Oct period peaked above the May-Oct 

average of 585.0mm at +68.6% in 1982, with the lowest anomaly at -55.7% in 1992 

(Figure 4.4-9b). 1982 was a strong El Niño year (Folland et al. 2002a); however, the 

elevated rainfall could be attributed to possible low pressure systems in the region that 

may have brought occasional rainfall during that period. In addition, the anomaly could 

also be part of the natural interannual variability. The decadal variability is more 

pronounced on the dry season rainfall than on wet season rainfall at Henderson between 

1955 and 2011 as indicated by r=-0.49 (Table 4.4-4).  
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4.4.6.2 Wet days at Henderson 

The daily rainfall data over a period of 30 years (1981-2010) for Henderson were also 

examined for long-term rainfall changes in the frequencies of wet-days (daily rainfall 

equal to or above 10mm). February and March were observed with the highest 

incidence of wet days with 227 and 205 wet days respectively, while June was observed 

with the least incidence of wet days with 67 wet days (Figure 4.4-10a). The total 

number of wet-days observed during the 1981-2010 period was 1569 wet-days, of 

which 66% (1039) occurred during the wet season (Nov-Apr) and 34% (530) occurred 

during the dry season (May-Oct) (Figure 4.4-10b). 
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On annual basis, 2008 was observed with the highest occurrence of wet-days with 72 

events, whilst 1993 was observed with the least wet-day occurrences with 30 events 

(Figure 4.4-11a). There was an increase in the annual number of wet days by +3.4[-1.4-

8.2] wet days/decade (Figure 4.4-11a). The coefficient of determination, R2, for the 
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fitted regression line was about 7%. On longer timescale, there was an interannual cycle 

with maximum rainfalls every ~10 years for the annual and wet season rainfalls (Figure 

4.4-11a). 

On seasonal basis, for the Nov-Apr period, 2008 was recorded with the highest 

occurrence of wet days at 52 events, while 1993 was observed with the least at 19 

events (Figure 4.4-11b). For the May-Oct period, 2002 was recorded with the highest 

occurrence of wet days at 32, while 1992 was observed with the least occurrence of wet 

days at 8 events. The trend in the number of wet-days increased during both season. 

That is, the trend during the wet season (Nov-Apr) increased by +0.57[-2.41-3.55] wet 

days/decade with R2 at 0.6%, and increased by +1.60[-0.39-3.56] wet-days/decade with 

R2 at 10% during the dry season (May-Oct) at Henderson from 1981 to 2010 (Figure 

4.4-11b).  
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4.4.7 RAINFALL EXTREMES AT HENDERSON

4.4.7.1 Past rainfall markers 

From the daily rainfall records from 1975 to 2011 at Henderson Weather Station, the 

highest daily rainfall recorded over a 12-hour period was 241.0mm on 22 March 1976. 

The highest monthly rainfall was 832.2mm on January 1976. The lowest monthly 

rainfall was 1mm on June 1987. The highest annual total rainfall was 2844.6mm in 

1976, and the lowest annual rainfall was 1174mm in 1992 (Table 4.4-3). 

4.4.7.1.1 High rainfall events 

A total of 78 high-rainfall days (daily rainfall from 61.4 to 99.9mm) were recorded at 

Henderson during the 1981-2011 period. February was observed with the highest 

occurrence of high rainfalls with 21 events followed by March with 13 events, whilst 
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June recorded none and July and September were observed with only 1 high rainfall 

event at Henderson from 1981 to 2010 (Figure 4.4-12a).  

On seasonal basis, of the total 78 events, 85% (66) were observed during the wet season 

(Nov-Apr) and 15% (12) during the dry season (May-Oct) at Henderson from 1981 to 

2010 (Figure 4.4-12b).  

On annual basis, 1996 was the year recorded with the highest occurrence of high-

rainfall days with 6 occurrences, whilst none were observed in 1981, 2001 and 2006 

(Figure 4.4-12c).  There was a decreasing trend in the annual number of high-rainfall 

events by 0.2[-0.97-0.59] high-rainfalls/decade at Henderson from 1981 to 2010. The 

coefficient of determination, R2, for the fitted regression line was about 1%. 



�


�+�

�

�
�<=>?@�
�
������A@�E>DO@?�BM�A<=A� ?G<EMGCC�@N@ELF� �HG<CP� ?G<EMGCC����
�����DD��I@?� �G��DBELA��GEH� �O�� F@GFBE�GL�
�@EH@?FBE� H>?<E=� ���������� I@?<BH�� �K�� �<D@� F@?<@F� BM� A<=A� ?G<EMGCC� @N@ELF� GL� �@EH@?FBE� H>?<E=� ����������
I@?<BH��J<LA�C<E@G?�L?@EH�GCFB�FABJE�OP�LA@�?@=?@FF<BE�C<E@��

�
�

�

�

�



�


�	�

�

4.4.7.1.2 Heavy rainfall events 

There were 49 heavy rainfall events (daily rainfall equal to or above 100mm) recorded 

at the Henderson Weather station from 1976 to 2011 with two events above 200mm: 

241mm, observed on 22nd March 1976, and 216mm, observed on 27th December 1988.  

40 heavy-rainfall events were on record for the 1981-2010 period at Henderson. 

December and March had the highest occurrence of heavy rainfalls with 9 and 8 events 

respectively, whilst June through September were observed with the least�June and 

July had no heavy rainfall event, and August and September had only 1 heavy rainfall 

event at Henderson from 1981 to 2010 (Figure 4.4-13a).  

On seasonal basis, of the total 40 heavy rainfall events, 85% (34) occurred during the 

wet season (Nov-Apr) and 15% (6) occurred during the dry season (May-Oct) at 

Henderson from 1981 to 2010 (Figure 4.4-13b).  

On annual basis, the highest occurrence of heavy-rainfall events was 4 events in 1986 

and 2009, while no heavy-rain event were recorded over the following years: 1983, 

1987, 1992/93, 2001/03, 2005 and 2007 at Henderson from 1981 to 2010 (Figure 

4.4-13c). There was a decreasing trend in the annual number of heavy-rainfall events by 

0.02[-0.46-0.41] heavy-rainfalls/decade at Henderson from 1981 to 2010. The 

coefficient of determination, R2, for the fitted regression line was about 0.1%. 
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As depicted in Figure 4.4-16, the intensity of days of heavy rainfalls is predicted to 

increase over the course of the 21st century. For instance, a 241mm rainfall would likely 

to have occurred once in 36 years of rainfall observation at Henderson between 1976 

and 2011 but the same recurrence period (1 in 36 years) will likely to be observed with 

heavier rainfalls of the magnitudes 260mm by 2030, 294mm by 2055, and 356mm by 

2090 (Figure 4.4-16).  

Figure 4.4-16 also portrays that the frequency of days of heavy rainfalls are predicted to 

increase over the course of the 21st century. For instance, a heavy rainfall of 241mm 

which has a return period of 1 in 36 years of rainfall observation at Henderson between 

1976 and 2011 will likely occur as 1 in 20 years by 2030, 1 in 15 years by 2055, and 1 

in 4 years by 2090 (Figure 4.4-16).   
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4.5 AUKI WEATHER STATION

4.5.1 INTRODUCTION 

Auki Weather Station is located at latitude 08°47	S, longitude 160°44	E on Malaita 

Island and is situated at 11m above the mean sea level. Auki is a small township, that 

also houses the provincial-government headquarter of Malaita Province. Auki station is 

the only SIMS-operated weather station on Malaita Island. Hourly and three-hourly 

synoptic observations are carried out at Auki station for climate purposes (MECDM 

2011). Daily temperature and rainfall data were used in this study. The digitized 

recording of daily temperature and rainfall at Auki station started in 1962. The time-

series analysis of the average annual surface air temperature and annual total rainfall at 

Auki in this study considered the period 1962-2011, while the extreme temperature and 

rainfall indices were based on 1981-2010 period.  
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highest nighttime temperature on average whilst the nights of August being the coldest 

on average with 22.7°C (Figure 4.5-1c). The average annual minimum temperature 

during the wet season (Nov-Apr) was 24.0°C and the average annual minimum 

temperature during the dry season (May-Oct) was 23.1°C (Figure 4.5-2).  
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4.5.2.1 Past temperature trends  

The daily temperature data over a period of 50 years (1962-2011) for Auki were also 

examined for long-term temperature changes.  

4.5.2.1.1 Mean surface air temperature 

The mean temperature anomalies peaked above the normal of 27.2°C at +0.6°C in 2005, 

2007 and 2011 (Figure 4.5-3a). The lowest mean temperature anomaly below the 

normal was at -1.1°C in 1965, followed by another notable low at -1.0°C in 1966. There 

was an increasing mean surface air temperature rate at +0.30[0.27-0.33]°C/decade at 

Auki from 1962 to 2011. The coefficient of determination, R2, for the fitted regression 

line was about 89%. 

4.5.2.1.2 Maximum surface air temperature 

The daytime maximum temperature anomalies peaked above the normal of 30.8°C at 

+0.8°C in 2005, 2007 and 2010, followed by secondary peak at +0.7°C in 2009 (Figure 

4.5-3b). The lowest daytime temperature anomaly below the normal was at -1.4°C in 

1965, followed by another notable low at -1.3°C in 1966. There was an increasing 
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maximum surface air temperature rate at +0.38[0.33-0.44]°C/decade at Auki from 1962 

to 2011. The coefficient of determination, R2, for the fitted regression line was about 

82%. 

�

4.5.2.1.3 Minimum surface air temperature 

The nighttime temperature anomalies peaked above the normal of 23.6°C at +0.5°C in 

1998. The lowest nighttime temperature anomaly below the normal was at -0.9°C in 

1972 (Figure 4.5-3c). There was an increasing minimum surface air temperature rate at 

+0.23[0.19-0.27]°C/decade at Auki from 1962 to 2011. The coefficient of 

determination, R2, for the fitted regression line was about 82%. 
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4.5.3 TEMPERATURE ANOMALIES ON WET AND DRY SEASONS

4.5.3.1.1 Mean surface air temperature 

The mean temperature anomalies during the Nov-Apr period peaked above the Nov-Apr 

normal of 27.6°C at +0.7°C in 2005, with the lowest anomaly at -1.2°C in 1971 (Figure 

4.5-4a). On the other hand, the mean temperature anomalies during the May-Oct period 

peaked above the May-Oct normal of 26.7°C at +0.8°C in 2010, with the lowest 

anomaly at -1.2°C in 1965 (Figure 4.5-4a).  

4.5.3.1.2 Maximum surface air temperature 

The maximum temperature anomalies during the Nov-Apr period peaked above the 

Nov-Apr normal of 31.2°C at +1.0°C in 2005, with the lowest anomaly at -1.4°C in 

1967 (Figure 4.5-4b). 2005, though a neutral year, was ‘sandwiched’ between two El 

Niño years (2004 and 2006), hence, its temperatures were impacted by the warming 

influence of the El Niño. 1967 was a neutral year. The impact of ENSO on the May-Oct 

surface air temperature featured more strongly than in the Nov-Apr period at Auki 

(Table 4.5-2).  

The maximum temperature anomalies during the May-Oct period peaked above the 

May-Oct normal of 30.3°C at +1.0°C in 2010, with the lowest anomaly at -1.6°C in 

1965 (Figure 4.5-4b). 2010 was the warmest year on record averaged across selected 

stations in the Pacific during the 1961–2010 period (Jones et al. 2013). The year was 

strongly affected by the warming influences of El Niño in the Pacific Ocean (UK 

Meteorology Office 2011). The global average mean temperature based on the 

HadCRUT3 database shows 2010 ranked second amongst the 12 warmest individual 

years in the turn of the 21st century, second only to 1998 (UK Meteorology Office 

2011). 1965, though an El Niño year, the first half of the year was influenced by the La 

Niña events of the preceding year (1964), dragging its May-Oct temperatures down. 

Hence, it is one El Niño year with below average anomaly. Furthermore, the low 

anomaly in 1965, an El Niño year could be attributed to high levels of prevailing trade 

winds that cools the surface. Since the SOI can also be used as an indicator of the 

strength of the Walker Circulation and the trade winds (Australian Bureau of 

Meteorology & CSIRO 2011a), the significant correlation (r=0.35; Table 4.5-2) 
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between the SOI and maximum surface temperature during the May-Oct period 

supported this hypothesis. 

The impact of ENSO on the maximum surface air temperature at Auki was featured 

more strongly during the May-Oct period than in the Nov-Apr period, since the 

maximum temperatures showed significant correlation with the Niño3.4 and SOI 

indices (Table 4.5-2).  

4.5.3.1.3 Minimum surface air temperature 

The minimum temperature anomalies during the Nov-Apr period peaked above the 

Nov-Apr normal of 24.0°C at +0.5°C in 1998 and 2002, with the lowest anomaly at       

-1.2°C in 1963 (Figure 4.5-4c). 1998 was influenced by the strong 1997/98 El Niño 

(Folland et al. 2002a). 2002 was also influenced by the El Niño episode of that year. 

1963, and El Niño year preceded 1964, a La Niña year. The low anomaly displayed in 

1963 may be attributed to natural interannual variability (Jones et al. 2013). 

Furthermore, the La Niña in 1964 may have had an earlier onset, impacting the second 

half of 1963. Hence, 1963 is one El Niño year with below average anomaly. 

The decadal variability is more pronounced on the minimum surface temperature during 

the Nov-Apr period than in the other season or the maximum surface temperature at 

Auki between 1962 and 2011 (Table 4.5-2). 

The minimum temperature anomalies during the May-Oct period peaked above the 

May-Oct normal of 23.1°C at +0.7°C in 2010, with the lowest anomaly at -1.1°C in 

1972 (Figure 4.5-4c). 1972 was an El Niño year with a low anomaly. The low anomaly 

may be attributed to the fact that the year was sandwiched between two La Niña 

episodes (1970-71 and 1973-75); hence, its temperature was dragged down by the 

cooling influence of the La Niña events. In addition, five tropical cyclones occurred 

within the Solomon Islands in 1972 with two (TC’s Hannah and Ida) occurring in May 

and June (Solomon Islands Meteorological Services nd), which could be associated with 

some cold fronts which may drag down the temperature during this time. 



�


���

�

�<=>?@� 
���
�� �N@?G=@� F@GFBEGC� �G�� D@GE�� �O�� DGS<D>D� GEH� �K�� D<E<D>D� F>?MGK@� G<?� L@DI@?GL>?@� GEBDGC<@F�
�H@N<GL<BE�M?BD�����������EB?DGC��GL��>Q<�H>?<E=��<��#BN@DO@?�C�I?<C�GEH��<<���GP�"KLBO@?�M?BD������LB�������

�GOC@�
������!B??@CGL<BE�KB@MM<K<@ELF� �?��O@LJ@@E�#<TB
�
���"��GEH��&"�GEH� LA@�F>?MGK@�G<?� L@DI@?GL>?@F� ��D<E�
GEH� �DGS�� MB?� LA@� J@L� �#BN��I?� ����������� GEH� H?P� ��GP�"KL� ����������� F@GFBE� GL� �>Q<�� "ECP� KB??@CGL<BE�
KB@MM<K<@ELF�LAGL�G?@�FLGL<FL<KGCCP�F<=E<M<KGEL�GL�LA@���(�C@N@C�G?@�FABJE��

#)*+,-.�
/0.1�

�+*/� �+,1�
�23�
�45�

�,6�
�7-�

�23�
�45�

�,6�
�7-�

�*ño3.4� �� ����� �����
��� �� ����
! �� �	��

�

�

�

�



�


���

�

4.5.4 THE DIURNAL TEMPERATURE RANGE (DTR) 

The difference between the average maximum and minimum surface air temperatures, 

which is the diurnal temperature range (DTR) increases towards the year-end, with 

October and November registered with the highest mean DTR at 7.5°C followed closely 

by December at 7.4°C, and February was registered with the lowest mean DTR at 6.8°C 

followed closely by March at 6.9°C (Figure 4.5-5a).  

The Nov-Apr period has an average DTR of 7.1°C, slightly lower than that of May-Oct 

period (7.2°C) from 1962 to 2011. On annual basis, 1978 was observed with the highest 

DTR at 7.9°C whilst 1983 had the lowest at 6.3°C during 1962-2011 period (Figure 

4.5-5c). There was an increasing trend in the average annual DTR at a rate of 

+0.16[0.10-0.22]°C/decade at Auki from 1962 to 2011. The coefficient of 

determination, R2, for the fitted regression line was about 40%. 
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4.5.5 TEMPERATURE EXTREMES AT AUKI

4.5.5.1 Past thermal markers 

From the daily temperature records observed at Auki Weather station from 1962 to 

2011, the highest maximum surface air temperature was recorded on 14th August 1963 

at 35.6°C and the lowest daytime surface air temperature was recorded at 23.9°C on 12th

August 1971. The lowest nighttime surface air temperature at Auki was recorded at 

17.6°C on 11th and 14th August 1993, and the highest nighttime surface temperature was 

recorded at 33.5°C on 4th October 2008. 

4.5.5.2 Warm and Cool days 

A total of 113 warm-days (days with Tmax �33.5°C) was observed at Auki from 1981 

to 2010, 93 (82%) occurred during the wet season (Nov-Apr) and 20 (18%) occurred 

during the dry season (May-Oct) (Figure 4.5-6a_ii). December was observed with the 

highest occurrence of warm-days with 34 events followed by November and January 

with 19 and 15 events respectively, whilst no warm day was observed in June (Figure 

4.5-6a_i). 2005 was recorded with the highest occurrences of warm-days with 18 events 

followed closely by 2001 and 2010 with 17 and 16 events respectively. No warm-days 

were observed in the following years, 1981-1989, 1991-1995, 1999, and 2002 (Figure 

4.5-6c_i). There was an increasing trend in the annual number of warm-days by 

+4.3[2.8-5.8] warm-days/decade at Auki from 1981 to 2010 (Figure 4.5-6c_i).  The 

coefficient of determination, R2, for the fitted regression line was about 58%. 

A total of 120 cool days (days with Tmax �26.7°C) were observed at Auki from 1981 to 

2010, 19 (16%) occurred during the wet season (Nov-Apr) and 101 (84%) occurred 

during the dry season (May-Oct) (Figure 4.5-6a_ii). July was observed with the highest 

number of cool days with 32 events followed by September with 22 events; whilst 

November through January were observed with the least occurrences of cool days with 

2 events (Figure 4.5-6a_i). 2006 was recorded with highest occurrence of cool-days 

with 11 cool-days followed by 1986, 1993, 2001, and 2004 all with 7 events, whilst 

1987, 1996, 2002 and 2005 were recorded with the least occurrence with 1 cool-day 

(Figure 4.5-6c_i). There was a decreasing trend in the annual number of cool-days by 
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0.4[-1.3-0.5] cool-days/decade at Auki from 1981 to 2010. The coefficient of 

determination, R2, for the fitted regression line was about 3%. 
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4.5.5.3 Warm and Cool nights 

A total of 121 warm-nights (nights with Tmin �25.8°C) were observed at Auki from 

1981 to 2010, of which 118 (98%) occurred during the wet season (Nov-Apr) and 3 

(2%) occurred during the dry season (May-Oct) (Figure 4.5-6b_ii).  February was 

observed with the highest occurrence of warm-nights with 36 warm-nights followed by 

Januray and March with 29 and 26 events respectively; whilst no warm-night was 

recorded from June through August (Figure 4.5-6b_i). 1998 and 2002 were recorded 

with the highest occurrence of warm-nights with 14 events followed by 2005 and 2010 

with 13 and 12 events respectively. No warm nights were recorded in 1985, 1994, 1996 

and 1999 (Figure 4.5-6c_ii). There was an increasing trend in the annual number of 

warm-nights by +1.1[-0.1-2.4] warm-nights/decade at Auki during the 1981-2010 

periods (Figure 4.5-6c_ii). The coefficient of determination, R2, for the fitted regression 

line was about 13%. 

Of a total of 112 cool-nights (nights with Tmin �20.5°C) observed at Auki over the 

1981-2010 period, 5 (4%) occurred during the wet season (Nov-Apr) and 107 (96%) 

occurred during the dry season (May-Oct) (Figure 4.5-6b_ii). August was observed with 

the highest occurrence of cool nights with 45 events followed by September with 19 

events, whilst no cool nights were observed from December through May (Figure 

4.5-6b_i). 1997 was observed to have the highest occurrence of cool-night with 29 

events followed 1987 with 25 events. No cool nights were recorded in the years, 1984, 

1988-1990, 1996, 1998-2000, and 2004-2010 (Figure 4.5-6c_ii). There was a 

decreasing trend in the annual number of cool-nights by 1.2[-2.6-0.2] cool-

nights/decade at Auki during the 1981-2010 period (Figure 4.5-6c_ii). The coefficient 

of determination, R2, for the fitted regression line was about 11%. 
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4.5.6.1 Past rainfall trends 

4.5.6.1.1 Average annual rainfall 

The daily rainfall data over a period of 50 years (1962-2011) for Auki were also 

examined for long-term rainfall changes. Over this period, there has been substantial 

variation in annual rainfall over Auki. Between 1962 and 2011, the average annual 

rainfall peaked above the normal of 2998.7mm at +50.8% in 1970 (Figure 4.5-8). A 

secondary peaked at +31.7% in 1967. Other notable secondary rainfall anomaly peaks 

include +28.9% in 1971 and +28.4% in 1998.  The lowest annual rainfall anomaly that 

peaked below the normal was at -25.3% in 1987 followed by another notable low at -

20.2% in 1997. 1987 and 1997 correspond to El Niño years, with 1997 being recorded 

as one of the strongest El Niño events (Cai et al. 2012). 1987 El Niño year was recorded 

with the lowest rainfall anomaly at about 25.3% below the normal (Figure 4.5-8). There 
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was a decreasing trend in the average annual rainfall by 3.9[-6.5 to -1.4]%/decade at 

Auki from 1962 to 2011. The coefficient of determination, R2, for the fitted regression 

line was about 18%. 
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4.5.6.1.2 Rainfall anomalies on Wet and Dry seasons 

The average rainfall anomalies during the Nov-Apr period peaked above the Nov-Apr 

average of 1804.0mm at +73.7% in 1970, with the lowest anomaly at -28.8% in 1994 

(Figure 4.5-9a). The 1970 rainfall was elevated by the La Niña that year. The reduction 

in rainfall in 1994 was due to the El Niño that year. The impact of ENSO on the wet 

season rainfall (Nov-Apr) at Auki was featured more strongly than on the dry season 

rainfall (May-Oct), since the wet season rainfall showed significant correlation with the 

Niño3.4 and SOI indices (Table 4.5-4).  

The average rainfall anomalies during the May-Oct period peaked above the May-Oct 

average of 1194.7mm at +46.6% in 2006, with the lowest anomaly at -37.7% in 2001 

(Figure 4.5-9b). 2006 was an El Niño year (Australian Bureau of Meteorology & 

CSIRO 2011a); however, the elevated rainfall could be attributed to possible low 

pressure system in the region that may have brought occasional rainfall during this 

period. In addition, the anomaly could also be part of the natural interannual variability. 

2001 was an ENSO-neutral year, with the second half of the year being influenced by 

the El Niño-like conditions that eventually developed to the El Niño episode in the 

following year, 2002. 
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4.5.6.2 Wet days at Auki 

The daily rainfall data over a period of 30 years (1981-2010) for Auki were also 

examined for long-term rainfall changes in the frequencies of wet-days (daily rainfall 

equal to or above 10mm). February was observed to have the highest incidence of wet 

days with 320 events followed by January and March with 313 and 306 events 

respectively (Figure 4.5-10a). June was observed with the least incidence of wet days at 

164 wet days. The total number of wet-days observed during the 1981-2010 period was 

2733 wet-days, of which 59% (1620) occurred during the wet season (Nov-Apr) and 

41% (1113) occurred during the cool dry season (May-Oct) (Figure 4.5-10b).  
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Annually, 1988 was observed with the highest occurrence of wet-days with 109 events, 

whilst 1997 was observed with the least wet-day occurrence with 67 events (Figure 

4.5-11a). There was a decrease in the annual number of wet days by 0.21[-6.17-5.75] 

wet-days/decade (Figure 4.5-11a). The coefficient of determination, R2, for the fitted 
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regression line was about 0.02%. On longer timescale, there was an interannual cycle 

with maximum rainfalls every ~10 years for the annual and wet season rainfalls (Figure 

4.5-11a). 

On seasonal basis, for the Nov-Apr period, 1998 was recorded with the highest 

occurrence of wet days with 73 events, while 1990 and 1993 were observed with the 

least with 40 events (Figure 4.5-11b). For the May-Oct period, 2006 was recorded with 

the highest occurrence of wet days with 51, while 2001 was observed with the least 

occurrence of wet days with 21 events. The trend in the number of wet days decreased 

during the wet season (Nov-Apr) by 0.28[-4.48-3.92] wet-days/decade, with R2 at 0.1%, 

while the trend in the number of wet days during dry season (May-Oct) increased by 

+0.51[-2.18-3.19] wet-days/decade, with R2 at 0.6%, at Auki from 1981 to 2010 (Figure 

4.5-11b).  
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4.5.7 RAINFALL EXTREMES AT AUKI

4.5.7.1 Past rainfall markers 

From the daily rainfall records at Auki Weather Station from 1962 to 2011, the highest 

daily rainfall recorded over a 12-hour period was 386.1mm on 16 April 1970. The 

highest monthly rainfall was 929.9mm on February 1999, whilst the lowest monthly 

rainfall was at 16.8mm in August 1987. The highest annual total rainfall was 4522mm 

in 1970 and the lowest annual rainfall was 2238.6mm in 1987 (Table 4.5-3). 

4.5.7.2 High rainfall events 

A total of 136 high-rain days (daily rainfall from 61.4 to 99.9mm) were recorded at 

Auki during 1981-2010 period. February and March were observed with the highest 

occurrence of high rainfalls with 27 and 24 events respectively, whilst May (with 4 

events), July and September (with 5 events) were observed with the least high rainfall 

events at Auki from 1981 to 2010 (Figure 4.5-12a). 

On seasonal basis, of the total high-rainfall days (136 high-rainfall days), 74% (100) 

were observed during the wet season (Nov-Apr) and 26% (36) during the dry season 

(May-Oct) at Auki from 1981 to 2010 (Figure 4.5-12b).  

On annual basis, 1992 was the year with the highest occurrence of high-rainfall days 

with 11 occurrences, whilst 1999 was recorded with no occurrence of the high-rainfall 

event at Auki from 1981 to 2010 (Figure 4.5-12c). There was an increasing trend in the 

annual number of high-rainfall events by +0.7[-0.12-1.60] high-rainfalls/decade at Auki 

during the 1981-2010 period (Figure 4.5-12c). The coefficient of determination, R2, for 

the fitted regression line was about 12%. 
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4.5.7.3 Heavy rainfall events 

There were 69 heavy rainfall events (daily rainfall equal to or above 100mm) recorded 

at the Auki Weather station from 1962 to 2011 with four events observed above 

200mm. These four heavy rainfall events were observed as follow; 371.9mm (12th

December 1968), 386.1mm (16th April 1970), 226.1mm (8th December 1971) and 

214mm (5th September 1997). 

31 heavy-rainfall events were on record at Auki for the 1981-2010 period. January and 

February were observed to have the highest occurrence of heavy rainfalls with 5 and 6 

events respectively, whilst no heavy rainfall was recorded at August and only a single 

event at May, July and October at Auki from 1981 to 2010 (Figure 4.5-13a).  

On seasonal basis, of the total 31 heavy rainfall events, 71% (22) occurred during the 

wet season (Nov-Apr) and 29% (9) occurred during the dry season (May-Oct) at Auki 

from 1981 to 2010 (Figure 4.5-13b).  

On annual basis, three heavy rainfall events were recorded for the years; 1995, 1997, 

2002 and 2009, while there were no record of heavy rainfall events during 1981/85, 

1987/90, 1992, 2000 and 2004 at Auki in the 1981-2010 period (Figure 4.5-13c). There 

was an increasing trend in the annual number of heavy rainfall events by +0.5[0.11-

0.93] heavy-rainfalls/decade at Auki during the 1981-2010 period. The coefficient of 

determination, R2, for the fitted regression line was about 22%. 
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4.5.8.3 Return periods of heavy rainfall 

As depicted in Figure 4.5-16 the intensity of days of heavy rainfalls is predicted to 

increase over the course of the 21st century. For instance, a 386.1mm rainfall would 

likely to have occurred once in 50 years of rainfall observation at Auki between 1962 

and 2011 but the same recurrence period (1 in 50 years) will likely to be observed with 

heavier rainfalls of the magnitudes 417mm by 2030, 471mm by 2055, and 570mm by 

2090 (Figure 4.5-16).  

Figure 4.5-16 also portrays that the frequency of days of heavy rainfalls are predicted to 

increase over the course of the 21st century. For instance, a heavy rainfall of 386.1mm 

which has a return period of 1 in 50 years of rainfall observation at Auki between 1962 

and 2011 will likely occur as 1 in 25 years by 2030, 1 in 21 years by 2055, and 1 in 18 

years by 2090 (Figure 4.5-16).   
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4.6 LATA WEATHER STATION

4.6.1 INTRODUCTION 

Lata Weather station is located on Santa Cruz Island in Temotu Province at latitude 

10°42	S, longitude 165°48	E, making it the southeasternmost station of the SIMS 

network.  Situated at 22.8m above the mean sea level, Lata station is the second highest 

of the SIMS network. Being located in the region where SPCZ is active year round 

(Australian Bureau of Meteorology & CSIRO 2011c), and a hotspot for cyclogenesis 

(MECDM 2011), Lata’s meteorological data is important for the analysis of extreme 

weather associated with tropical cyclones. The digitized daily temperature and rainfall 

data at Lata started from September 1970. Time-series analysis of average annual 

surface air temperature and annual total rainfall at Lata in this study considered the 

period 1971-2011, while the extreme temperature and rainfall indices were based on 

1981-2010 period.   
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4.6.2 SURFACE AIR TEMPERATURE AT LATA

From the daily temperature records collected at Lata Weather Station from 1971 to 

2011, the monthly and annual Climatological values of the temperature indices 

(variables) were calculated based on 1981-2010 period (Table 4.6-1). 
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The mean surface air temperature (Tmean) at Lata during the 30-year period from 1981 

to 2010 was 27.3°C, with December and January being the warmest months with daily 

temperatures both averaged at 27.8°C, and August being the coldest month at 26.6°C 

(Table 4.6-1 & Figure 4.6-1a). The average annual mean temperature during the wet 

season (Nov-Apr) was 27.7°C and the average annual mean temperature during the dry 

season (May-Oct) was 27.0°C (Figure 4.6-2).  

The average annual daytime surface air temperature (Tmax) was 30.3°C, with 

December recording the highest average daytime temperature at 31.2°C and July being 

the month with the lowest average daytime temperature at 29.2°C (Figure 4.6-1b). The 

average annual maximum temperature during the wet season (Nov-Apr) was 30.9°C and 

the average annual maximum temperature during the dry season (May-Oct) was 29.7°C 

(Figure 4.6-2). 
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The average annual nighttime surface air temperature (Tmin) was 24.3°C, with the 

months of January through May having the highest average nighttime temperature at 

24.5°C, whilst August being the month with the lowest average nighttime temperature 

at 24.0°C (Figure 4.6-1c). The average annual minimum temperature during the wet 

season (Nov-Apr) was 24.5°C and the average annual minimum temperature during the 

dry season (May-Oct) was 24.2°C (Figure 4.6-2).  
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4.6.2.1 Past temperature trends at Lata 

The daily temperature data over a period of 41 years (1971-2011) for Lata were also 

examined for long-term temperature changes.  

4.6.2.1.1 Mean surface air temperature 

The mean temperature anomalies peaked above the normal of 27.3°C at +0.5°C in 2001 

and 2003 (Figure 4.6-3a). A secondary mean temperature anomaly was observed at 

+0.4°C in 2004. The lowest mean temperature anomaly was observed below normal at -

0.6°C in 1971 and 1976. There was an increasing mean surface air temperature rate by 

+0.15[0.11-0.20]°C/decade at Lata from 1971 to 2011. The coefficient of determination, 

R2, for the fitted regression line was about 57%. 

4.6.2.1.2 Maximum surface air temperature 

The daytime maximum temperature anomalies peaked above the normal of 30.3°C at 

+0.9°C in 2003 followed by secondary peaks at +0.7°C in 2001 and +0.5°C in 2004 

(Figure 4.6-3b). The lowest daytime temperature anomaly was observed below the 

normal at -0.7°C in 1997. There was an increasing maximum surface air temperature 
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rate by +0.12[0.06-0.17]°C/decade at Lata from 1971 to 2011. The coefficient of 

determination, R2, for the fitted regression line was about 33%. 

4.6.2.1.3 Minimum surface air temperature 

The nighttime temperature anomaly in the year 2002 was the highest at Lata, which 

peaked above the normal of 24.3°C at +0.5°C (Figure 4.6-3c). This was followed by a 

secondary anomaly at +0.4°C in 1998 (Figure 4.6-3c). The nighttime temperatures of 

1971 through 1976 have anomalies that fluctuate to as low as -0.7°C below the normal. 

There was an increasing maximum surface air temperature rate by +0.18[0.12-

0.23]°C/decade at Lata from 1971 to 2011. The coefficient of determination, R2, for the 

fitted regression line was about 56%. 
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4.6.3 TEMPERATURE ANOMALIES ON WET AND DRY SEASONS

4.6.3.1.1 Mean surface air temperature 

The mean temperature anomalies during the Nov-Apr period peaked above the Nov-Apr 

normal of 27.7°C at +0.7°C in 2002, with the lowest anomaly at -0.7°C in 1971 and 

1975/76 (Figure 4.6-4a). On the other hand, the mean temperature anomalies during the 

May-Oct period peaked above the May-Oct normal of 27.0°C at +0.6°C in 2003, with 

the lowest anomaly at -0.6°C in 1997 (Figure 4.6-4a).  

4.6.3.1.2 Maximum surface air temperature 

The maximum temperature anomalies during the Nov-Apr period peaked above the 

Nov-Apr normal of 30.9°C at +0.9°C in 2003, with the lowest anomaly at -0.7°C in 

1971 (Figure 4.6-4b). 2003, though a neutral year, was ‘sandwiched’ between two El 

Niño years (2002 and 2005), hence, its temperatures were impacted by the warming 

influence of the El Niño. The low anomaly of 1971 was affected by the cooling 

influence of La Niña that year. 

The maximum temperature anomalies during the May-Oct period peaked above the 

May-Oct normal of 29.7°C at +0.9°C in 2003, with the lowest anomaly at -1.0°C in 

1997 (Figure 4.6-4b). Note that the seasonal maximum temperature anomaly was at its 

highest during both seasons for 2003. The low anomaly in 1997, an El Niño year could 

be attributed to high levels of prevailing trade winds that cools the surface. Since the 

SOI can also be used as an indicator of the strength of the Walker Circulation and the 

trade winds (Australian Bureau of Meteorology & CSIRO 2011a), the significant 

correlation (r=0.46;Table 4.6-2) between the SOI and maximum surface temperature 

during the May-Oct period supported this hypothesis. 

4.6.3.1.3 Minimum surface air temperature 

The minimum temperature anomalies during the Nov-Apr period peaked above the 

Nov-Apr normal of 24.5°C at +0.6°C in 2002, with the lowest anomaly at -0.9°C in 

1976 (Figure 4.6-4c). 2002 anomaly was affected by the warming influence of the El 

Niño that year. 1976, though a neutral year, the temperature was dragged down in the 
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first part of the year by the cooling influence of La Niña which permeates from the three 

preceding years (1973-1975). 

The minimum temperature anomalies during the May-Oct period peaked above the 

May-Oct normal of 24.2°C at +0.4°C in 1990, 1998 and 2010, with the lowest anomaly 

at -0.7°C in 1971 and 1974 (Figure 4.6-4c). 1990 was affected by the warming 

influence of El Niño, which may have build up from the second half of that year that 

eventually led to the double El Niño episodes in the five years that follow (1991-93 and 

1994/95; Mataki et al. 2006). 1998 was influenced by the strong 1997/98 El Niño 

(Folland et al. 2002a). 2010 was the warmest year on record averaged across selected 

stations in the Pacific during the 1961–2010 period (Jones et al. 2013). The year was 

strongly affected by the warming influences of El Niño in the Pacific Ocean (UK 

Meteorology Office 2011). The global average mean temperature based on the 

HadCRUT3 database shows 2010 ranked second amongst the 12 warmest individual 

years in the turn of the 21st century, second only to 1998 (UK Meteorology Office 

2011). The low anomalies of 1971 and 1974 were affected by the cooling influence of 

La Niña in these years. 

The impact of ENSO was featured more strongly on the maximum surface air 

temperature than on the minimum surface air temperature at Lata from 1971 to 2011 

(Table 4.6-2). The decadal variability featured more strongly during the May-Oct period 

for the maximum surface temperature and Nov-Apr period for the minimum surface 

temperature during the same period (Table 4.6-2).    
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4.6.4 THE DIURNAL TEMPERATURE RANGE (DTR) 

The difference between the average maximum and minimum temperatures, which is the 

diurnal temperature range (DTR) follows the general ‘V’-like pattern as displayed by 

the monthly average temperatures, where these differences decreases mid-year ward 

(i.e. towards July from both January and December; Figure 4.6-5a). Figure 4.6-5a 

showed that December registered the highest mean DTR at 6.8°C followed by 

November and January both at 6.5°C and decreases mid-year ward with July registered 

the lowest mean DTR at 5.2°C followed closely by August at 5.3°C. Furthermore, the 

changes between the months of January to April were less varied than other months.  

The Nov-Apr period had an average DTR of 6.5°C, slightly higher than that of May-Oct 

period (5.6°C) from 1971 to 2011. On annual basis, 2003 was observed to have the 

highest DTR at 6.7°C whilst 1997 had the lowest at 5.3°C during 1971-2011 period 

(Figure 4.6-5c). There was a decreasing trend in the average annual DTR by a rate of 

0.05[-0.11-0.02]°C/decade at Lata from 1971 to 2011. The coefficient of determination, 

R2, for the fitted regression line was about 6%. 
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4.6.5 TEMPERATURE EXTREMES AT LATA

4.6.5.1 Past thermal markers 

From the daily temperature and rainfall records collected at Lata Weather Station from 

1971 to 2011, highest daytime surface air temperature at Lata was recorded on 22 

February 1977 at 34.3°C and the lowest daytime surface air temperature was recorded at 

23.7°C on 4 September 1981. The lowest nighttime surface air temperature at Lata was 

recorded at 18.5°C on 16 January 1985, and the highest nighttime surface temperature 

was recorded at 27.7°C on 3 March 1988.  

4.6.5.2 Warm and Cool day events 

A total of 142 warm-days (days with Tmax �33.0°C) were observed at Lata from 1981 

to 2010, whereby 129 (91%) occurred during the wet season (Nov-Apr) and 13 (9%) 

occurred during the dry season (May-Apr) (Figure 4.6-6a_ii). December, January and 

February were observed to have the highest occurrence of warm-days with 49, 33 and 

20 warm-days respectively, whilst June through September were observed without a 

warm-day (Figure 4.6-6a_i). 2001 was recorded to have the highest incidences of warm-

days with 32 events followed by 2003 and 2004 with 25 and 19 events respectively. No 

warm days were recorded for the years, 1983-1986, 1988-1990, 1996, 1998/99, and 

2008/9 (Figure 4.6-6c_i). There was an increasing trend in the annual number of warm-

days by +1.2[-0.6-3.0] warm-days/decade at Lata from 1981 to 2010 (Figure 4.6-6c_i). 

The coefficient of determination, R2, for the fitted regression line was about 7%. 

A total of 118 cool-days (days with Tmax �26.5°C) were observed at Lata from 1981 to 

2010, whereby 18 (15%) occurred during the wet season and 100 (85%) occurred 

during the dry season (Figure 4.6-6a_ii). September was observed to have the highest 

occurrence of cool days with 28 events followed by July and August with 24 and 20 

events respectively, whilst December and January were observed to have the least 

number of cool day with only 1 event (Figure 4.6-6a_i). 1997 and 2006 were recorded 

to have the highest occurrence of cool-days with 10 events, whilst no cool day was 

recorded in 2004 (Figure 4.6-6c_i). There was an increasing trend in the annual number 

of cool-days by +0.5[-0.6-1.6] cool-days/decade at Lata from 1981 to 2010 (Figure 



�


+��

�

4.6-6c_i). The coefficient of determination, R2, for the fitted regression line was about 

3%. 
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4.6.5.3 Warm and Cool night events 

A total of 110 warm-nights (nights with Tmin �26.4°C) were measured at Lata during 

the 1981-2010 period, whereby 83 (75%) occurred during the wet season (Nov-Apr) 

and 27 (25%) occurred during the dry season (May-Oct) (Figure 4.6-6b_ii). January was 

observed to have the highest occurrence of warm nights with 26 events followed by 

March with 20 events, whilst no warm nights were observed in July and September 

(Figure 4.6-6b_i). 2002 was recorded with the highest occurrences of warm-nights with 

14 events followed by 2004 with 10 events, whilst no warm night was recorded in 1983, 

1985 and 2008 (Figure 4.6-6c_ii). There was an increasing trend in the annual number 

of the warm-nights by +0.4[-0.8-1.6] warm-nights/decade at Lata from 1981 to 2010 

(Figure 4.6-6c_ii). The coefficient of determination, R2, for the fitted regression line 

was about 2%. 

From the total of 180 cool-nights (nights with Tmin �22.0°C) observed at Lata from 

1981 to 2010, 35 (19%) occurred during the wet season (Nov-Apr) and 145 (81%) 

occurred during the dry season (May-Oct) (Figure 4.6-6b_ii). July was observed to have 

the highest occurrence of cool nights with 42 events followed by August and September 

with 35 and 29 events respectively. The least occurrences of cool nights were observed 

in February with 4 events, and March and December with 5 events (Figure 4.6-6b_i). 

1986, 1997 and 2004 were recorded to have the highest occurrence of cool-nights with 

20, 19 and 18 events respectively, followed by 1987 with 16 events. No cool-nights 

were recorded in 1995 and 2005 (Figure 4.6-6c_ii). There was a decreasing trend in the 

annual number of the cool-nights by 1.7[-3.4 to -0.05] cool-nights/decade at Lata from 

1981 to 2010). The coefficient of determination, R2, for the fitted regression line was 

about 15%. 
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4.6.6.1 Past rainfall trends 

4.6.6.1.1 Average annual rainfall 

The daily rainfall data over a period of 41 years (1971-2011) at Lata were also 

examined for long-term rainfall changes. Over this period, there has been substantial 

variation in annual rainfall over Lata. The rainfall anomalies at Lata from 1971 to 2011 

peaked at their highest above the normal of 4380mm at +30.8% in 1999 (Figure 4.6-8). 

Other secondary distinct peaks were observed as follows: +25.1 % in 1976, +30.1% in 

1988 and +26.9 % in 2008. On the other hand, 1992 was observed with the lowest 

rainfall anomaly below the normal at -27.3%. 1987 was also observed with less than      

-20% rainfall anomaly. 1992 and 1987 were both El Niño years (Mataki et al. 2006; Cai

et al. 2012) . There was an increasing trend in the annual rainfall by +1.7[-1.6-

5.1]%/decade at Lata over the 1971 to 2011 period (Figure 4.6-8). The coefficient of 

determination, R2, for the fitted regression line was about 3%. 
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4.6.6.1.2 Rainfall anomalies on Wet and Dry seasons 

The average rainfall anomalies during the Nov-Apr period peaked above the Nov-Apr 

average of 2359.9mm at +50.5% in 1999, with the lowest anomaly at -37.8% in 1992 

(Figure 4.6-9a). 1999 anomaly was influenced by the La Niña episode in that year. The 

1992 rainfall was reduced by the El Niño. Lata station lies in the region where the 

SPCZ is most active in the Solomon Islands region (Australian Bureau of Meteorology 

& CSIRO 2011c). As such, the northward shift of the SPCZ during El Niño events 

(Vincent 1994; Folland et al. 2002b) results in reduced rainfall at Lata. The impact of 

ENSO on the wet season rainfall (Nov-Apr) at Lata was featured more strongly than on 

the dry season rainfall (May-Oct), since the wet season rainfall showed significant 

correlation with the Niño3.4 and SOI indices (Table 4.6-4).  

The average rainfall anomalies during the May-Oct period peaked above the May-Oct 

average of 2020.0mm at +40.6% in 1982, with the lowest anomaly at -40.8% in 1998 

(Figure 4.6-9b). 1982 was a strong El Niño year; however, the high rainfall anomaly 

may be due to the natural interannual variability. Low depression developing over this 

period could also bring excessive rainfall during this period. Since, the Australian 

Bureau of Meteorolgy and CSIRO (2011c) reported that there were higher occurrences 

of tropical cyclones during the El Niño years than during La Niña years between the 

period 1969/70 and 2009/10 in the Solomon Islands. 1998 anomaly was influenced by 

the strongest El Niño episode, reducing the rainfall.  
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4.6.6.2 Wet days at Lata 

The daily rainfall data over a period of 30 years (1981-2010) for Lata were also 

examined for long-term rainfall changes in the frequencies of wet-days (daily rainfall 

equal to or above 10mm). March was observed to have the highest occurrence of wet 

days with 348 events followed by January and February with 345 and 342 wet days 

respectively, while June and September were observed to have the least occurrence of 

wet days with 261 and 262 wet days respectively (Figure 4.6-10a). A total number of 

3566 wet-days were recorded from 1981 to 2010 at Lata. 1912 wet days were observed 

during the wet season and 1654 wet days during the dry season at Lata (Figure 4.6-10b). 
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On annual basis, 2008 was recorded with the highest occurrence of wet-days with 153 

events, while 1992 was recorded with the least occurrence of wet-days with 90 events 

(Figure 4.6-11a). There was an increase in the annual number of wet days by +1.5[-

6.23-9.28] wet-days/decade at Lata between 1981 and 2010 (Figure 4.6-11a). The 
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coefficient of determination, R2, for the fitted regression line was about 0.6%. On 

longer timescale, there was an interannual cycle with maximum rainfalls every ~10 

years for the annual and wet season rainfalls (Figure 4.6-11a). 

On seasonal basis, for the Nov-Apr period, 2008 was recorded with the highest 

occurrence of wet days at 90 events, while 2001 was observed with the least with 42 

events (Figure 4.6-11b). For the May-Oct period, 1991 was recorded with the highest 

occurrence of wet days with 81 events, while 1998 was observed with the least 

occurrence of wet days with 33 events. The trend in the number of wet days increased 

during both season. That is, the trend during the wet season (Nov-Apr) increased by 

+1.2[-3.5-5.9] wet days/decade with R2 at 1.1%, and increased by +0.05[-4.97-5.06] 

wet-days/decade with R2 at 0.001% during the dry season (May-Oct) at Lata from 1981 

to 2010 (Figure 4.6-11b).  
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4.6.7 RAINFALL EXTREMES AT LATA

4.6.7.1 Past rainfall markers 

From the daily rainfall records at Lata weather station from 1971 to 2011, the highest 

daily rainfall recorded over a 12-hour period was 309.0mm on 31 April 2009. The 

highest monthly rainfall recorded was 1183.7mm on January 2008 and the lowest was 

28.4mm on July 1998. The highest annual total rainfall was 5728.6mm in 1999, and the 

lowest annual rainfall was 3186.3mm in 1992 (Table 4.6-3). 

4.6.7.2 High rainfall events 

A total of 264 high-rainfall events (daily rainfall from 61.4 to 99.9mm) were observed 

at Lata from 1981 to 2010. February was observed with the highest occurrence of high 

rainfalls with 48 events followed by March with 42 events, whilst June was observed to 
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have the least occurrence of high rainfalls with 19 events at Lata from 1981 to 2010 

(Figure 4.6-12a). 

On seasonal basis, of the total 381 high rainfall events, 56% (214) occurred during the 

wet season (Nov-Apr) and 44% (167) occurred during the dry season (May-Oct) at Lata 

from 1981 to 2010 (Figure 4.6-12b).  

On annual basis, 1988 had the most occurrences of high-rainfall events with 22 high-

rainfall events and the following year of 1989 had the least occurrence of high-rainfall 

events with 7 high-rainfall events at Lata from 1981 to 2010 (Figure 4.6-12c). There 

was an increasing trend in the annual number of the high-rainfall events by +1.4[-0.06-

2.86] high-rainfalls/decade at Lata from 1981 to 2010 (Figure 4.6-12c). The coefficient 

of determination, R2, for the fitted regression line was about 14%. 
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4.6.7.3 Heavy rainfall events 

There were 148 heavy rainfall events (daily rainfall equal to or above 100mm) recorded 

at the Lata Weather station from 1971 to 2011, with two events observed above 

200mm: 203.6mm, observed on 29th May 1986 and 309mm, observed on 31st April 

2009. Lata station has the highest occurrences of heavy rainfalls of all the SIMS 

weather stations. 

117 heavy-rainfall events were on record for the 1981-2010 period. February was 

observed with the highest occurrence of heavy rainfalls with 15 events followed by 

October and December with 13 heavy rainfalls, whilst April through September were 

observed with the least occurrence of heavy rainfall with 7 to 8 events at Lata from 

1981 to 2010 (Figure 4.6-13a).   

On seasonal basis, of the total 117 heavy rainfall events, 56% (66) occurred during the 

wet season (Nov-Apr) and 44% (51) occurred during the dry season (May-Oct) at Lata 

from 1981 to 2010 (Figure 4.6-13b).  

On annual basis, 1999 recorded the most occurrences of heavy-rainfalls with 8 events 

followed by 7 events in 1988, 2000 and 2009, while 1983 had the least occurrence of 

the heavy-rainfall events with 1 event at Lata from 1981 to 2010 (Figure 4.6-13c). 

There was a decreasing trend in the annual number of the heavy-rainfall events by 

0.02[-0.88-0.85] heavy-rainfalls/decade at Lata during 1981 to 2010 period. The 

coefficient of determination, R2, for the fitted regression line was about 0.01%. 
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4.6.8.2 Rainfall 
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4.6.8.3 Return periods of heavy rainfall 

As depicted in Figure 4.6-16� the intensity of days with heavy rainfalls is predicted to 

increase over the course of the 21st century. For instance, a 309mm rainfall would likely 

to have occurred once in 41years of rainfall observation at Lata between 1971 and 2011 

but the same recurrence period (1 in 41 years) will likely to be observed with heavier 

rainfalls of the magnitudes 334mm by 2030, 377mm by 2055, and 456mm by 2090 

(Figure 4.6-16).  

Figure 4.6-16 also portrays that the frequency of days of heavy rainfalls are predicted to 

increase over the course of the 21st century. For instance, a heavy rainfall of 309mm 

which has a return period of 1 in 41 years of rainfall observation at Lata between 1971 

and 2011 will likely occur as 1 in 34 years by 2030, 1 in 28 years by 2055, and 1 in 20 

years by 2090 (Figure 4.6-16).   
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4.7 KIRAKIRA WEATHER STATION

4.7.1 INTRODUCTION 

Kirakira Station is located on Makira Island (sometimes referred to as San Cristobal) at 

latitude 10°25	S, longitude 161°55	E. Kirakira station is situated at 5.5m above the 

mean sea level. Due to its geographical location, Makira Island is located along the 

cyclone track, making its data significant for climate extreme analysis. However, the 

station was decommissioned in 2000 due to land lease issues pertaining to the site of 

location (MECDM 2011). Despite the closure the SIMS are provided with rainfall data 

from voluntary stations around Kirakira to the present (MECDM 2011). Kirakira’s 

digitized daily surface air temperature and rainfall data used in this study covers the 

periods 1965-2000 and 1965-2010 respectively. Time-series analysis of average annual 

surface air temperature and annual rainfall at Kirakira in this study considered the 

periods 1965-2000 and 1965-2011 respectively, while the extreme temperature and 

rainfall indices were based on 1971-1999 period. Kirakira results may not be 

statistically comparable to other stations’ results that were based on 1981-2010 period; 

however, they may provide useful baseline information for future studies.   
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4.7.2 SURFACE AIR TEMPERATURE AT KIRAKIRA

From the daily temperature records collected at Kirakira Weather Station from 1965 to 

2011, the monthly and annual Climatological values of the various temperature indices 

(variables) were calculated based on the 1971-2000 period (Table 4.7-1).�
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The mean surface air temperature (Tmean) at Kirakira during the 30-year period from 

1971 to 2000 was 26.6°C, with January being the warmest month with daily 

temperatures averaging at 27.1°C, and August being the coldest month at 26.0°C (Table 

4.7-1 & Figure 4.7-1a). The average annual mean temperature during the wet season 

(Nov-Apr) was 27.0°C and the average annual mean temperature during the dry season 

(May-Oct) was 26.3°C (Figure 4.7-2).  

The average annual daytime surface air temperature (Tmax) was 30.5°C, with 

December having the highest average daytime temperature at 31.2°C, and July being the 

month with the lowest average daytime temperature at 29.8°C (Figure 4.7-1b). The 

average annual maximum temperature during the wet season (Nov-Apr) was 30.9°C and 

the average annual maximum temperature during the dry season (May-Oct) was 30.2°C 

(Figure 4.7-2). 

The average annual nighttime surface air temperature (Tmin) was 22.7°C, with 23.2°C 

in both February and March as the highest nighttime temperature on average and 
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August being the coldest on average at 22.0°C (Figure 4.7-1c). The average annual 

minimum temperature during the wet season (Nov-Apr) was 23.0°C and the average 

annual minimum temperature during the dry season (May-Oct) was 22.4°C (Figure 

4.7-2).  
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4.7.2.1 Past temperature trends at Kirakira 

The daily temperature data over a period of 36 years (1965-2000) for Kirakira were also 

examined for long-term temperature changes.  

4.7.2.1.1 Mean surface air temperature  

The mean temperature anomalies peaked above the normal of 26.6°C at +0.7°C in 1995 

and 1998, with a secondary peak at +0.6°C in 1990 and 2000 (Figure 4.7-3a). The 

lowest mean temperature anomaly peaked below the normal at -0.9°C in 1970. There 

was an increasing mean surface air temperature rate by +0.40[0.34-0.46]°C/decade at 

Kirakira from 1965 to 2000. The coefficient of determination, R2, for the fitted 

regression line was about 87%. 

4.7.2.1.2 Maximum surface air temperature  

The daytime maximum temperature anomalies peaked above the normal of 30.5°C at 

+1.0°C in 1990, followed by a secondary peak at +0.9°C in 1995 and +0.8°C in 2000 

(Figure 4.7-3b). The lowest daytime temperature anomaly peaked below the normal at    

-1.0°C in 1965. There was an increasing maximum surface air temperature rate by 
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+0.51[0.44-0.58]°C/decade at Kirakira from 1965 to 2000. The coefficient of 

determination, R2, for the fitted regression line was about 88%. 

4.7.2.1.3 Minimum surface air temperature  

The nighttime temperature anomaly in the year 1998 was the highest at Kirakira, which 

peaked above the normal of 22.7°C at +0.8°C (Figure 4.7-3c). This was followed by 

secondary peak at +0.4°C in the years, 1999/2000, 1995/1996, 1988 and 1979. The 

lowest nighttime temperature anomaly peaked below the normal at -1.2°C in 1970. 

There was an increasing mean surface air temperature rate at +0.26[0.18-

0.34]°C/decade at Kirakira from 1965 to 2000. The coefficient of determination, R2, for 

the fitted regression line was about 61%. 
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4.7.3 TEMPERATURE ANOMALIES ON WET AND DRY SEASONS

4.7.3.1.1 Mean surface air temperature 

The mean temperature anomalies during the Nov-Apr period peaked above the Nov-Apr 

normal of 27.0°C at +0.8°C in 1998, with the lowest anomaly at -1.0°C in 1971 (Figure 

4.7-4a). On the other hand, the mean temperature anomalies during the May-Oct period 

peaked above the May-Oct normal of 26.3°C at +0.8°C in 2000, with the lowest 

anomaly at -1.3°C in 1970 (Figure 4.7-4a).  

4.7.3.1.2 Maximum surface air temperature 

The maximum temperature anomalies during the Nov-Apr period peaked above the 

Nov-Apr normal of 30.9°C at +1.0°C in 1990 and 1995, with the lowest anomaly at       

-1.1°C in 1968 and 1971 (Figure 4.7-4b). 1990 was affected by the warming influence 

of El Niño, which may have build up from the second half of that year that eventually 

led to the double El Niño episodes in the five years that follows (1991-93 and 1994/95; 

Mataki et al. 2006). 1995 was affected by the warming influence of the El Niño that 

year. 1968 was a neutral year. 1971 was affected by the cooling influence of the La 

Niña that year.  

The maximum temperature anomalies during the May-Oct period peaked above the 

May-Oct normal of 30.2°C at +1.1°C in 2000, with the lowest anomaly at -1.1°C in 

1965 (Figure 4.7-4b). The positive anomaly in 2000, a La Niña year, could be explained 

by the influence of warm air from warmer waters in the region of the Solomon Islands 

during the La Niña event (Australian Bureau of Meteorology & CSIRO 2011c). The 

warmer waters were the result of the westward shift of the main area of convection in 

the South Pacific region as the easterly trade winds strengthened during La Niña events 

(Australian Bureau of Meteorology & CSIRO 2011a). 1965, though an El Niño year, 

the first half of the year was influenced by the La Niña events of the preceding year 

(1964), dragging its May-Oct temperatures down. Hence, it is one El Niño year with 

below average anomaly.  
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4.7.3.1.3 Minimum surface air temperature 

The minimum temperature anomalies during the Nov-Apr period peaked above the 

Nov-Apr normal of 23.0°C at +0.8°C in 1998, with the lowest anomaly at -1.0°C in 

1971 (Figure 4.7-4c). 1998 was influenced by the strong 1997/98 El Niño (Folland et al. 

2002a). The Nov-Apr anomaly was at its lowest for both the minimum and maximum 

surface temperatures in 1971. 

The minimum temperature anomalies during the May-Oct period peaked above the 

May-Oct normal of 22.4°C at +0.8°C in 1998, with the lowest anomaly at -1.9°C in 

1970 and 1974 (Figure 4.7-4c). The 1998 anomaly was the highest for the minimum 

surface temperature during both seasons. The low anomalies in 1970 and 1974 were 

affected by the cooling influence of the La Niña during these years.  

The decadal variability is more pronounced during the Nov-Apr period in both seasons 

for both the minimum and maximum surface temperatures, but it is more pronounced on 

the minimum surface temperature than in the maximum surface temperature at Kirakira 

between 1965 and 2011 (Table 4.7-2).  
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4.7.4 THE DIURNAL TEMPERATURE RANGE (DTR) 

The difference between the average maximum and minimum surface air temperatures, 

which is the diurnal temperature range (DTR) increases towards the year-end, with 

December registered with the highest mean DTR at 8.3°C followed closely by October 

and November at 8.2°C and 8.1°C respectively, and February, March and May were 

registered with the lowest mean DTR at 7.5°C (Figure 4.7-5a).  

The Nov-Apr and May-Oct periods both have the same average DTR of 7.8°C from 

1965 to 2000. On annual basis, 1997 was observed with the highest DTR at 8.7°C 

whilst 1965 had the lowest at 7.0°C during 1965-2000 period (Figure 4.7-5c). There 

was an increasing trend in the average annual DTR at a rate of +0.25[0.14-

0.35]°C/decade at Kirakira from 1965 to 2000. The coefficient of determination, R2, for 

the fitted regression line was about 42%. 
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4.7.5 TEMPERATURE EXTREMES AT KIRAKIRA

4.7.5.1 Past thermal markers 

From the daily temperature records collected at Kirakira weather station from 1965 to 

2000, the highest daytime surface air temperature at Kirakira was recorded on 4 January 

1990 at 34.8°C and the lowest daytime surface air temperature was recorded at 23.9°C 

on 18 June 1965. The lowest nighttime surface air temperature at Kirakira was recorded 

at 15.0°C on 26 July 1970, and the highest nighttime surface temperature was recorded 

at 27.3°C on 17 December 1987. 

4.7.5.2 Warm and Cool days 

 Of a total of 119 warm-days (days with Tmax �33.3°C) observed at Kirakira from 1971 

to 2000, 109 (92%) occurred during the wet season (Nov-Apr) and 10 (8%) occurred 

during the dry season (May-Oct) (Figure 4.7-6a_ii). December was observed to have the 

highest occurrence of warm-days with 32 events followed by January with 28 warm-

days. No warm days were observed in June and July (Figure 4.7-6a_i). 1990 was 

recorded with the highest occurrence of warm-days with 21 events followed by 1991 

with 16 events. 13 warm days were recorded in 1995 and 1996. No warm days were 

observed in the periods, 1971-1977, 1979/80, 1984/85 and 1993/94 (Figure 4.7-6c_i). 

There was an increasing trend in the annual number of warm-days by +3.5[2.2-4.8] 

warm-days/decade at Kirakira over the 1971-2000 period. The coefficient of 

determination, R2, for the fitted regression line was about 54%. 

A total of 110 cool-days (days with Tmax �26.5°C) were observed at Kirakira from 

1971 to 2000, of which 18 (16%) occurred during the wet season (Nov-Apr) and 92 

(84%) occurred during the dry season (May-Oct) (Figure 4.7-6a_ii). July and August 

were observed to have the highest occurrence of cool days with 28 and 21 events 

respectively; whilst November and December were observed to have the least 

occurrence of cool days with 1 and 2 events respectively (Figure 4.7-6a_i). 1975 was 

recorded the highest occurrence of cool-days with 10 cool-days followed by 1976 with 

9 events, whilst no cool day were recorded in 1980 and 1993 (Figure 4.7-6c_i). There 

was a decreasing trend in the annual number of cool-days by 0.4[-1.5-0.7] cool-
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days/decade at Kirakira over the 1971-2000 period (Figure 4.7-6c_i). The coefficient of 

determination, R2, for the fitted regression line was about 2%. 
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4.7.5.3 Warm and Cool nights 

A total of 163 warm-nights (nights with Tmin �25.0°C) were observed at Kirakira from 

1971 to 2000, of which 99 (61%) occurred during the wet season (Nov-Apr) and 64 

(39%) occurred during the dry season (May-Oct) (Figure 4.7-6b_ii). January was 

observed to have the highest occurrence of warm nights with 33 events, followed by 

March with 23 events. September and October were observed with the least occurrence 

of warm nights with 6 events (Figure 4.7-6b_i). 1998 was recorded with the highest 

occurrence of warm-nights with 32 events, followed by 1994 and 1995 with 12 and 10 

events respectively. No warm-nights occurred in 1971/72 and 1975 (Figure 4.7-6c_ii). 

There was an increasing trend in the annual number of warm-nights by +1.8[0.6-3.1] 

warm-nights/decade at Kirakira from 1971 to 2000. The coefficient of determination, 

R2, for the fitted regression line was about 25%. 

Of a total of 116 cool-nights (nights with Tmin �18.9°C) observed at Kirakira over the 

1971-2000 period, 11 (9%) occurred during the wet season (Nov-Apr) and 105 (91%) 

occurred during the dry season (May-Oct) (Figure 4.7-6b_ii). August was observed to 

have the highest occurrence of cool nights with 43 events followed by September and 

October with 22 and 21 events respectively. No cool nights were observed in February, 

March and May (Figure 4.7-6b_i). 1972 was observed to have the highest occurrence of 

cool-nights with 22 events followed by 1997 with 18 events. No cool nights were 

observed in 1978-1980, 1983, 1985, 1988-1990, 1995/96, 1998-2000 (Figure 4.7-6c_ii). 

There was a decreasing trend in the annual number of cool-nights by 0.3[-1.8-1.2] cool-

nights/decade at Kirakira during 1971-2000 period. The coefficient of determination, 

R2, for the fitted regression line was about 0.7%. 
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4.7.6.1 Past rainfall trends 

4.7.6.1.1 Average annual rainfall 

The daily rainfall data over a period of 46 years (1965-2010) for Kirakira were also 

examined for long-term rainfall changes. Over this period, there has been substantial 

variation in annual rainfall over Kirakira. Between 1965 and 2010, the average annual 

rainfall anomaly peaked above the normal of 3356.0mm at +48.6% in 1965 (Figure 

4.7-8). 2008 had a rainfall peak at +46.6%. Other outstanding years with rainfall 

anomalies peaking above 30% include, 1967, 1969, 1985 and 2001. The lowest annual 

rainfall anomaly observed below the normal was at -37.9% in 1992, an El Niño year 

(Mataki et al. 2006). Other years with rainfall anomalies below -30% include the El 

Nino years of 1987, 1997 (Mataki et al. 2006) and 2005. The annual rainfall trend has 
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decreased by 1.1[-5.8-3.7]%/decade at Kirakira from 1965 to 2010 (Figure 4.7-8). The 

coefficient of determination, R2, for the fitted regression line was about 0.5%. 
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4.7.6.1.2 Rainfall anomalies on Wet and Dry seasons 

The average rainfall anomalies during the Nov-Apr period peaked above the Nov-Apr 

average of 1769.2mm at +56.1% in 1971, with the lowest anomaly at -47.8% in 1995 

(Figure 4.7-9a). 1971 rainfall was elevated by the La Niña while the low anomaly in 

1995 was influenced by the El Niño. The impact of ENSO on the wet season rainfall 

(Nov-Apr) at Kirakira was featured more strongly than on the dry season rainfall (May-

Oct), since the wet season rainfall showed significant correlation with the Niño3.4 and 

SOI indices (Table 4.7-4). 

The average rainfall anomalies during the May-Oct period peaked above the May-Oct 

average of 1586.8mm at +81.8% in 1965, with the lowest anomaly at -49.8% in 1997 

(Figure 4.7-9b). 1965 was considered an El Niño year (Australian Bureau of 

Meteorology & CSIRO 2011a) but its elevated rainfall could be attributed to the natural 

interannual variability.  However, it should be noted that there are no universally agreed 
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criteria to define El Niño or La Niña years (Australian Bureau of Meteorology & 

CSIRO 2011a). The 1997 negative anomaly was influenced by the El Niño episode. The 

decadal variability also featured significantly on the dry season rainfall at Kirakira 

between 1965 and 2010 (Table 4.7-4).  
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4.7.6.2 Wet days at Kirakira 

The daily rainfall data over a period of 29 years (1971-1999) for Kirakira were also 

examined for long-term rainfall changes in the frequencies of wet-days (daily rainfall 

equal to or above 10mm). March was observed to have the highest occurrence of wet 

days with 291 events and decreases over the subsequent months with November 

observed with the least wet days with 161 events (Figure 4.7-10a). The total number of 

wet-days observed during the 1971-2000 period was 2668 wet-days, of which 53% 

(1416) occurred during the wet season (Nov-Apr) and 47% (1252) occurred during the 

dry season (May-Oct) (Figure 4.7-10b).  
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On annual basis, 1975 was observed with the highest occurrence of wet-days with 133 

events, while 1987 was observed with the least wet-day occurrences with 56 events 

(Figure 4.7-11a). There was a decrease in the annual number of wet days by 5.4[-13.2-

2.5] wet-days/decade (Figure 4.7-11a). The coefficient of determination, R2, for the 



�

����

�

fitted regression line was about 7%. On longer timescale, there was an interannual cycle 

with maximum rainfalls every ~10 years for the annual and wet season rainfalls (Figure 

4.7-11a). 

On seasonal basis, for the Nov-Apr period, 1975 was recorded with the highest 

occurrence of wet days at 72 events, while 1992 and 1995 were observed with the least 

at 30 events (Figure 4.7-11b). For the May-Oct period, 1988 was recorded with the 

highest occurrence of wet days at 65 events, while 1997 was observed with the least 

occurrence of wet days at 18 events. The trend in the number of wet days decreased 

during both season. That is, the trend during the wet season (Nov-Apr) decreased by 

3.9[-8.7-0.79] wet days/decade with R2 at 11%, and decreased by 2.9[-8.1-2.3] wet-

days/decade with R2 at 5% during the dry season (May-Oct) at Kirakira from 1971 to 

1999 (Figure 4.7-11b).  
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4.7.7 RAINFALL EXTREMES AT KIRAKIRA

4.7.7.1 Past rainfall markers 

From the daily rainfall records at Kirakira from 1965 to 2010, the highest daily rainfall 

was recorded over a 12-hour period as 293.9mm on 29 April 1969. The highest monthly 

rainfall was 904.2mm on February 1999, while the lowest monthly rainfall was 0mm on 

October 1998. The highest annual total rainfall was 4988.4mm in 1965, and the lowest 

annual rainfall was 2083.7mm in 1992 (Table 4.7-3).

4.7.7.2 High rainfall events 

A total of 208 high-rainfall days (daily rainfall from 61.4 to 99.9mm) were recorded at 

Kirakira during the 1971-1999 period. July was observed with the highest occurrence of 

high rainfall events with 33 events followed by August with 27 high rainfall events, 

whilst June was observed to have the least occurrence of high rainfalls with 6 events at 

Kirakira from 1971 to 1999 (Figure 4.7-12a).  

On seasonal basis, of the total high-rainfall days (208 high-rainfall days), 46% (96) 

were observed during the wet season (Nov-Apr) and 54% (112) during the dry season 

(May-Oct) at Kirakira during the 1971-1999 period (Figure 4.7-12b). The seasonal 

distribution pattern of the high rainfall days (Figure 4.7-12b) did not reflect the general 

trends displayed by seasonal rainfall distributions (Figure 4.7-7b), due partly to the 

nature of extreme values in a normally-distributed curve. 

On annual basis, 1996 was the year with the highest occurrence of high-rainfall days 

with 13 occurrences, whilst 1992 and 1997 recorded the least occurrence of the high-

rainfall event with only 2 events at Kirakira during the 1971-1999 period (Figure 

4.7-12c).  There was an increasing trend in the annual number of high-rainfall events by 

+1.1[-0.14-2.35] high-rainfalls/decade at Kirakira during 1971-1999 period (Figure 

4.7-12c). The coefficient of determination, R2, for the fitted regression line was about 

13%. 
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4.7.7.3 Heavy rainfall events 

There were 117 heavy rainfall events (daily rainfall equal to or above 100mm) recorded 

at the Kirakira Weather station from 1965 to 2011 with 9 events observed above 

200mm. Kirakira station has the highest occurrences of heavy rainfalls of the order of 

200mm of all the SIMS weather stations. The 200mm plus rainfalls occurred fairly 

evenly through out the year over the past 47 years at Kirakira as follows: 200.7mm (9th

October 1967), 274.1mm (13th December 1968), 293.9mm (29th April 1969), 209.8mm 

(14th August 1985), 200.3mm (February 1999), 262.3mm (4th June 2001), 218mm (10th

July 2003), 230.2mm (28th May 2008) and 234.4mm (29th June 2011). 

62 heavy-rainfall events were recorded for the 1971-2000 period at Kirakira. December 

was observed with the highest occurrence of heavy rainfalls with 8 events followed 

closely by February and March with 7 events, whilst June and October were observed to 

have the least occurrence of heavy rainfalls with 3 events at Kirakira during the 1971-

1999 period (Figure 4.7-12a).  

On seasonal basis, of the total 62 heavy rainfall events, 58% (36) occurred during the 

wet season (Nov-Apr) and 42% (26) occurred during the dry season (May-Oct) at 

Kirakira from 1971 to 1999 (Figure 4.7-12b).  

On annual basis, 1985 was recorded with 5 heavy-rainfall events, while no heavy-rain 

events were recorded over the following years: 1977/78, 1983 and 1986 at Kirakira 

during the 1971-1999 period (Figure 4.7-12c). There was an increasing trend in the 

annual number of heavy-rainfall events by +0.3[-0.23-0.86] heavy-rainfall 

events/decade at Kirakira during 1971-2000 period (Figure 4.7-12c). The coefficient of 

determination, R2, for the fitted regression line was about 6%. 
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4.7.8.3 Return periods of heavy rainfall 

As depicted in Figure 4.7-16 the intensity of days of heavy rainfalls are predicted to 

increase over the course of the 21st century. For instance, a 294mm rainfall would likely 

to have occurred once in 47 years of rainfall observation at Kirakira between 1965 and 

2011 but the same recurrence period (1 in 47 years) will likely to be observed with 

heavier rainfalls of the magnitudes 317mm by 2030, 359mm by 2055, and 434mm by 

2090 (Figure 4.7-16).  

Figure 4.7-16 also portrays that the frequency of days of heavy rainfalls is predicted to 

increase over the course of the 21st century. For instance, a heavy rainfall of 294mm, 

which has a return period of 1 in 47 years of rainfall observation at Kirakira between 

1965 and 2011, will likely occur as 1 in 24 years by 2030, 1 in 12 years by 2055, and 1 

in 5 years by 2090 (Figure 4.7-16).  �
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CHAPTER 5: SUMMARY AND DISCUSSION

5.1 SURFACE AIR TEMPERATURE

All the stations have registered significant increasing trends over the past 35 to 61 years 

based on the length of the digitised records of the individual stations. The goodness of 

fit of the regression from which the trends were determined, were also measured or 

indicated by the coefficient of determination (or R-squared, R2). Its value ranges from 0 

to 1 or represented as 0-100%. A value of one indicates a perfect fit, and therefore, a 

very reliable model for predicting y, the dependent variable, temperature in this case. A 

value of zero, on the other hand, would indicate that the model fails to accurately model 

the dataset. The significant changes in trends (p<0.05) correspond to higher coefficient 

of determination (R2) values (Table 5.5-1). 

Trends in maximum and minimum temperatures are similar to those of the mean 

temperature at all the stations (Table 5.1-1). This is consistent with the majority of 

stations analysed recently under the Pacific Climate Change Science Program (PCCSP; 

Australian Bureau of Meteorology & CSIRO 2011a). The mean annual surface air 

temperature increased significantly over the 7 stations with rates ranging from +0.13°C 

to +0.40°C/decade over the respective 35 to 61 years of records (Table 5.1-1). This 

indicates a range of 0.03 to 0.30°C/decade higher than the combined South Pacific 

regional trend of 0.1°C for the past 50 years (1960-2009; Brohan et al. 2006). This 

difference in the local observations and that of the regional rate is due to the fact that 

the model (HadCRUT3v) dataset used by Brohan et al. (2006) represented an average 

over a very large geographic region and not at site level. As such, the relatively lower 

rate of increase for the region is due to the domination by ocean temperatures that tend 

to increase more slowly (Salinger 2005; Bernstein et al. 2007; Australian Bureau of 

Meteorology & CSIRO 2011a).  

The PCCSP report estimated the warming over the region from 1960 to 2009 to be 

around 0.08–0.20°C/decade (Fig.3.12, p66 in Australian Bureau of Meteorology & 

CSIRO 2011a), which is in general lower than the local range (+0.13°C to 
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+0.40°C/decade) presented here. But Lata and Honiara, the two local stations covered in 

the PCCSP report, have relatively comparable trends at 0.15 and 0.23°C/decade 

respectively, although determined from different length of records. The slightly higher 

average trend for Honiara could be significantly influenced by the different length of 

record used in this study. The same can be explained for Henderson (at 0.29°C/decade) 

and Auki (at 0.30°C/decade) (Table 5.1-1). Apart from the varied length of records used 

by this study and that of the PCCSP, the use of recent time series (up to 2011 in this 

study), is expected to elevate the magnitude of trends because decadal increase in 

temperature is accelerating with time (Bernstein et al. 2007).  

A comparison of the global average mean temperature anomalies of 2010 and 2011 with 

that of 2009 may support the hypothesis that decadal changes generated from more 

recent time series would be higher than those generated from ‘older’ time series. The 

global average mean temperature based on the HadCRUT3 database shows 2010 ranked 

second amongst the 12 warmest individual years in the turn of the 21st century, second 

only to 1998 (UK Meteorology Office 2011). In a recent study by Jones et al. (2013), 

2010 was the warmest year on record averaged across selected stations in the Pacific 

during the 1961–2010 period.�Strongly affected by the warming influences of El Niño in 

the Pacific Ocean, 2010 peaked at 0.5°C above the 1961-1990 average (UK 

Meteorology Office 2011).  2009 was ranked sixth and 2011 was ranked 11th on the 

same scale (UK Meteorology Office 2011; World Meteorological Organization 2012), 

with the later greatly affected by the cooling influences of La Niña conditions in the 

equatorial Pacific (Japan Meteorological Agency 2012). The 2011 global temperature 

though dragged down by a strong La Niña (Hansen et al. 2010), still peaks at 0.36°C 

above the long-term average because of the underlying warming trend (UK 

Meteorology Office 2011). So, the relatively higher warm year of 2010 (Figs. 4.1-3a, 

4.2-3a, etc… to 4.6-3a) contributes significantly to the higher warming trends 

determined in this study.  

On the contrary, Kirakira registered the highest warming rate at +0.40°C/decade in this 

study even though the time series used stopped in 2000, before the others (Table 5.1-1). 
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The high rate could be influenced by the statistically significant decadal increases at 

Kirakira between 1971 and 2000 (Table 5.1-2). Moreover, rates over +0.3°C/decade 

were not uncommon at site level over the Pacific region and the globe. For example, a 

recent study by Whan et al. (2013) on 46 sites over the Western Pacific region, reported 

significant warming trends in the annual mean temperature of between 0.05 and 

0.34°C/decade for the period 1961-2011. Past studies (eg. Salinger 2001; Folland et al.

2003) in the region observed rates of between 0.3 and 0.5°C/decade on locations north-

east of the South Pacific Convergence Zone (SPCZ) since the 1970s. An example 

outside of the Pacific region was a study by Rio et al. (2012), who reported a trend of 

0.36°C/decade at a site in Pakistan.  

Most of the stations (Munda, Honiara, Auki, Lata and Kirakira) show significantly 

increasing rate of warming in the 1970s (Table 5.1-2). The significance in trends as 

indicated were associated to the more frequent occurrence of the warm phase of the 

ENSO since the mid-1970s in the South Pacific (Trenberth & Hoar 1996; Folland et al.

2002a). The warming influence of El Niño on global temperature is empirically well 

attested (Folland et al. 2002a). Furthermore, most of the stations show increasing trends 

at decadal scale between 1981 and 2010 (Table 5.1-2). Except for Kirakira, the decadal 

trends at all other stations between 1981 and 2010, although positive, were not 

significant at the 95% confidence level (Table 5.1-2). The insignificancy may be 

attributed to the influence of the natural decadal variability, underlined by an ‘ENSO-

like’ feature of the climate system that operates on decadal time scales (Salinger 2005). 

The 1980s and 1990s featured a very active ENSO cycle, with five El Niño episodes 

(1982/83, 1986/87, 1991-93, 1994/95, and 1997/98) occurring during this period  

(Mataki et al. 2006). This period also featured the two strongest El Niño episodes of the 

century (1982/83 and 1997/98), as well as two consecutive periods of El Niño 

conditions during 1991-1995 without an intervening cold episode (Salinger 2005; 

Mataki et al. 2006). 1998 was considerably significantly warmer than 1983, a year 

warmed by the comparable 1982/83 El Niño (Folland et al. 2002a). This behavior of 

ENSO in the 1990s was considered  as unusual relative to that of previous decades 

(Salinger 2005).  
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Compared with the three previous decades between 1971 and 2000, the recent decade, 

2001-2010, tend to display a slower warming rate (Table 5.1-2). The slower warming at 

the end of the period studied could be related to the increased frequency of La Niña 

since 2005. The World Meteorological Organization (2012) has ranked the 2010–2011 

La Niña event as one of the strongest of the past 60 years. A recent study by L’Heureux 

et al. (2013) concluded that recent atmospheric circulation patterns over the Pacific 

have tended to favor La Niña conditions over El Niño ones, with an overall trend 

towards a stronger, La Niña-like Walker circulation, which is nearly concurrent with the 

observed increase in global average temperatures. The increased cloud cover during La 

Niña events reduces solar radiation, as a result reduces the maximum surface 

temperature (cf. Dai et al. 1999; Stone & Weaver 2002; Solomon et al. 2007), and may 

drag down the rate of warming during the day. 

The late 1980s and mid-1990s tend to be the transitional period between the negative 

temperature anomalies, which were predominant prior to the 1980s, and the positive 

temperature anomalies, which were predominant generally after the late 1980s, for the 

stations in the Solomon Islands (Figs. 4.1-3, 4.2-3, etc… to 4.7-3).  This transitional 

period seemed to be consistent with those of the globe and the region (Fig. 3.1, p54 in 

Australian Bureau of Meteorology & CSIRO 2011a), regardless of the different 

climatological normal period used in this study. However, cautionary interpretation 

should be observed in comparing results of this study to those of others.  

Overall, the trend direction and magnitude of warming in all the stations of the Solomon 

Islands over the past decades (Figs. 4.1-3, 4.2-3, etc… to 4.7-3; Table 5.1-1) is 

consistent with that expected from human-induced global warming over the past half-

century (Australian Bureau of Meteorology & CSIRO 2011a; Jones et al. 2013).  
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A One-way ANOVA test for the mean surface air temperature (Tmean) of all the 

stations from 1981 to 2010 ran concurrently in the R-software confirmed that the 

difference between at least a pair of station was significant at 95% confidence level (p< 

0.001). Further pairwise comparison of the stations’ mean temperatures was performed 

using the Tukey HSD test, concluded that 62% (13 out of 21; Table 5.2-1) of the pairs 

of stations were significantly different in their mean surface air temperatures.  
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The + and - signs (Table 5.2-1) indicate the difference in the mean surface air 

temperature of a station with respect to the pairing station.  So a (+) indicates a station 

with higher mean temperature than its pairing station with a (–) sign. The signs also 

indicate that the location of stations have impacted the significant difference in their 

mean surface air temperatures (Figure 5.2-2). For example, Taro which is on the 

northwestern-most region has significantly higher mean surface air temperature than 

Henderson or Auki, which are on the central region of Solomon Islands. Likewise, Lata 

which is on the southeastern-most region has significantly higher mean surface air 

temperature than that of Henderson (Table 5.2-1). 

�
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Although located in the central region, Honiara’s relatively high mean surface air 

temperature (Figure 5.2-1; Figure 5.2-2) may have been influenced by the heat island 

effect (Pittock 2009) due to the rapid urbanization taking place since the 1970s, and 

being the main central business district (CBD) in the Solomon Islands. Urbanization 

may have attributed to its high average maximum surface air temperatures at 31.2°C 

during 1981-2010, sharing this mark with Henderson, its neighbour. In addition, the fact 

that Honiara’s nighttime temperature (Tmin) rate of increase was more than its daytime 
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temperature (Tmax) (see Table 5.1-1) by 0.03°C/decade, also alluded to the influence of 

the “heat island effect” on its night time surface air temperatures (Pittock 2009). The 

magnitude of the disparity in temperature caused by non-climatic features such as 

urbanization could not be fully quantified in this study, as explained below. However, it 

must be noted that urbanization could also account for a substantial amount of the 

overall warming of the annual mean temperature (e.g. Ren et al. 2008).  

Lack of long-term land-use-change type data such as: building type, farm area, 

pavement or asphalt, and other associated land-use type data for Honiara have limited 

the effort to understand the trend of urban growth (Reuben 2013, p79) that could in turn 

be useful in quantifying the “heat island effect”. It is biased if only the population 

information of Honiara is used particularly in the Geographic Information System 

(GIS)-based environment to determine the rate of urbanization for Honiara (Reuben 

2013). However, the latest urban annual growth rate in terms of urban population in 

Honiara determined during the 2009 census was at 2.7% (Solomon Islands National 

Statistics Office 2012). This may give an indication of the other land-use type 

developments, such as the expansion of buildings and pavements and/or clearance of 

land area for agriculture that are normally associated with human settlement.  

5.2.2 WARD’S CLUSTERING METHOD ON TEMPERATURE
In this section an attempt is made to determine whether the surface air temperature of 

stations are comparable based on their mean and standard deviation using the Ward’s 

clustering method. The clustering of stations derived from this method may indicate the 

significance of the region and locations of sites with respect to their temperature mean 

and standard deviation.�

Taro, Munda and Lata shared comparable means and standard deviations (Table 5.2-2; 

Figure 5.2-3). Similarly, Henderson and Kirakira shared comparable means and closely 

related standard deviations. Honiara and Auki on the other hand have independently 

unique standard deviations that were not comparable to any other station. Possible 

reasons for their uniqueness are explained below. 
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The clustering analysis produced four clusters of stations based on the homogeneity of 

their means and standard deviations (Figure 5.2-3). It is obvious that different locations 

have significantly different mean surface air temperatures but that certain locations 

experience similar variation in surface air temperature in terms of their mean and 

standard devation. As such, the locations of the stations may have some effect on the 

variation of the surface air temperatures. For instance, the outlying stations (Taro, 
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Munda and Lata) tend to have similar mean surface air temperature, hence, forming one 

cluster. However, it must also be noted here that there were some missing data at Taro 

that were filled in using data from Munda as reference, which could explain some of 

their similarities. But comparing stations using data that is not exactly the same would 

be impractical here, as the reference-station method was used for imputation in this 

study. Nevertheless, data used in the imputation were not actual values transferred 

directly from a reference station to a candidate station but were adjusted according to 

the difference in their monthly mean. Hence, the clustering outputs here may still be 

accepted as anecdoctal.  

Henderson and Kirakira in the central region are also clustered together. Therefore, a 

cluster may represent stations that experienced and/or were influenced by the same 

climatic features. Furthermore, their similar topographical landscapes may have also 

influenced their climate, which resulted in their comparable mean and standard 

deviation. 

Honiara and Auki are independently different in terms of their standard deviation 

(Figure 5.2-3). For Honiara, in addition to the heat island effect discussed earlier, its 

highest elevated position (at 55m above mean sea level) relative to all the stations may 

have impacted on its surface air temperature due to the orographic effect (Kirchner et 

al. 2012). Auki, on the other hand could be lying in the transition climatic zone of the 

country, making its surface air temperature uniquely different (cf. Mataki et al. 2006, 

p64).  
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5.3 THE DIURNAL TEMPERATURE RANGE (DTR) 

Four stations, Taro, Henderson, Auki, and Kirakira recorded significant trends in their 

mean annual DTR while those of Munda, Honiara, and Lata were not statistically 

significant at 95% confidence level (Table 5.1-1). These two groups also vary 

significantly in their Coefficient of Determination value (R2); around 40% for the first 

group and less than 10% in the second group (Table 5.1-1). So, for the first group, the 

independent variable (Year) can explain about 40% of the dependent variable (DTR).  

Even though the 40% is not a high R2 value in itself, it is relatively high compared to 

the less than 10% (i.e. 4-7%) of the second group. So, for the second group having the 

R2 of less than 10%, meant that over 90% of regression would be unexplained variation, 

thus, giving their regression models a bad fit�which is also indicated by the 

insignificance of their trends at 95% confidence level. Having said this, it must also be 

noted that the different length of records used for the stations may have influenced the 

R2 values to some degree. 

The mean annual DTR trends increased significantly between +0.16 and 

+0.28°C/decade at Taro, Henderson, Auki and Kirakira�the first group. These 

increases were accredited to the stronger trends in the maximum over the minimum 

surface air temperatures over these four stations (Table 5.1-1). In contrast, the global 

average DTR has decreased by 0.1°C/decade between 1950 and 1993 (Solomon et al.

2007). This was due to a decreased maximum surface air temperature trend caused by 

the enhanced low level cloud cover that reflects sunlight and caused the drop in global 

daytime temperatures (Dai et al. 1999; Stone & Weaver 2002; Solomon et al. 2007). 

On the other hand, the average annual DTR trends decreased but not significantly 

between -0.04 and -0.06°C/decade at Munda, Honiara, and Lata�the second group. 

These decreases resulted from the slightly higher trend of the minimum than the 

maximum air surface temperature over these three stations. The magnitude of the 

average annual DTR trends at the three stations may not be consistent with that of the 

global average DTR but the negative directions of trends were.  Furthermore, the almost 

parallel increases between the minimum and maximum surface temperature particularly 
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over Munda and Honiara are consistent with those of the globe between 1979 and 2004 

which resulted in no change in the global average DTR during this period (Solomon et 

al. 2007). The relatively higher elevation for Honiara (at 55m) and Lata (at 22.8m) may 

have also influenced the negative DTR trends, in contrary to that of the other low-lying 

stations, such as Taro (1.2m), Henderson (7.9m), Auki (11m) and Kirakira (5.5m), 

which displayed positive DTR trends.  

As demonstrated the DTR trends at site level were not spatially uniform, which may 

indicate the significant differences in the microclimate of the stations (Mataki et al.

2006), as a result of the different station exposure, and the influence of local topography 

over the temperature (Kirchner et al. 2012). 

5.4 TEMPERATURE ON WET AND DRY SEASONS

  

5.4.1 POSSIBLE ROLE OF CONVECTIVE REGIMES ON THE WET SEASON TEMPERATURE

Normally triggered by the ENSO phenomenon in the tropical Pacific Ocean, the 

atmosphere transmits anomalous heating in the tropics to large-scale convection and 

anomalous winds in the atmosphere (Salinger 2005). In this sense, the movement of the 

convective regimes associated with the large-scale climate features may have influenced 

the surface air temperatures of the Solomon Islands. 

The average surface air temperatures during the Nov-Apr period were higher than the 

May-Oct period (Figs 4.1-2, 4.2-2 etc…to 4.7-2). This could be attributed to the 

influence of the thermal convective regimes associated with the onset of some large 

climate features such as the West Pacific Monsoon (WPM), Madden-Julian Oscillation 

(MJO) and the intrusion of mid-latitude troughs during the Nov-Apr period.  

Firstly, the WPM is associated with a seasonal onset of low level westerly winds that 

brings large convective regimes to the northwestern Pacific region, particularly northern 

Australia, East Timor, PNG and Solomon Islands (Australian Bureau of Meteorology & 
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CSIRO 2011a). This low level westerly winds results from the changes in the land-sea 

temperature that cause a reversal in the cross-equatorial atmospheric pressure (Wang 

2006). This system extends seasonally from the northern hemisphere across the equator 

into the tropical region of the southern hemisphere during December-February 

(Australian Bureau of Meteorology & CSIRO 2011a). An analysis on the average extent 

of the westerly wind for each January during 1980-1999 indicated that Solomon Islands 

lie within the monsoon region for most years (Fig 5.5-1; Australian Bureau of 

Meteorology & CSIRO 2011a). However, it must be noted that between the initial onset 

and final end of the monsoon season, there is intra-seasonal variability resulting in the 

daily to weekly burst and break of the convective regimes (cf. burst (wet) and break 

(dry) periods; p39 in Australian Bureau of Meteorology & CSIRO 2011a), which may 

also be linked to the subseasonal variation of temperatures. 

Secondly, the onset of the monsoon often coincides with the arrival of the MJO, another 

tropical circulation feature that usually develops in the western Indian Ocean then move 

eastward into the western Pacific Ocean and brings significant variations in convection 

to the East Timor, PNG and the Solomon Islands (Australian Bureau of Meteorology & 

CSIRO 2011a). This system moves west to east along the equator at a seasonal 

frequency of 40 to 60 days (Madden & Julian 1994). 

Thirdly, the southward retreat of large monsoon convective regimes from the Northern 

Hemisphere during October-November is normally sustained over the south of latitude 

5°N, until the end of May (Australian Bureau of Meteorology & CSIRO 2011a). The 

presence of this large convective regime close to the equator may have also influenced 

the surface air temperature in the Solomon Islands during the Nov-Apr period. 

Furthermore, it may have also fed moisture into the ITCZ during this period. 

5.4.2 POSSIBLE IMPACT OF ENSO ON SEASONAL TEMPERATURE

The status of ENSO can be measured by the Niño3.4 and Southern Oscillation Index 

(SOI; Australian Bureau of Meteorology & CSIRO 2011a). The Niño3.4 is the measure 
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considered as significantly warmer than 1983, a year warmed by the comparable 

1982/83 El Niño (Folland et al. 2002a). However, other years have also appeared to be 

warmer than average but were not influenced by the El Niño. One such year was 2001, 

with anomalies as high as +0.9°C during the Nov-Apr period in Taro (Section 4.1.3). 

This one year anomaly can be attributed to the natural interannual variability (Jones et 

al. 2013), but unlikely to the PDO/IPO, which bring decadal variability rather than to 

one individual year. Examples of El Niño years having negative seasonal anomalies 

include; 1965 at Munda (Tmax: May-Oct), at Honiara (Tmin: Nov-Apr), at Auki 

(Tmax: May-Oct), at Kirakira (Tmax: May-Oct); 1982 at Henderson (Tmax: May-Oct). 

The negative anomaly could be attributed to high levels of prevailing trade winds that 

cools the surface. Since the SOI can also be used as an indicator of the strength of the 

Walker Circulation and the trade winds (Australian Bureau of Meteorology & CSIRO 

2011a), the significant correlation (e.g. Munda r=0.70; Table 4.2-2 and Henderson 

r=0.36; Table 4.5-2) between the SOI and the maximum surface temperature during the 

May-Oct period could support this hypothesis. 

Lata and Munda were strongly impacted by the ENSO as shown by their relatively 

higher correlation values (r) than all other stations from their available data used in the 

result chapter (cf. Tables 4.1-2, 4.2-2 etc…to 4.7-2).  

The impact of ENSO on the surface air temperature was featured more strongly during 

the dry season (May-Oct) than in the wet season (Nov-Apr) for most stations, since the 

air temperatures showed statistically significant correlation with the ENSO indices 

during the May-Oct period (Table 5.4-1). Taro was an exception as no significant 

correlation of its maximum temperature to the ENSO indices were established (Table 

5.4-1).  

This could suggest that Taro lies in the region where cross-equatorial troughs (Wang 

2006) may tend to cancel out the impacts of ENSO to some extent along the northern 

part of the country; hence the effects of El Niño on the maximum surface air 

temperatures at Taro during the Nov-Apr period were not significant. Furthermore, the 
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weak but statistically significant positive correlation coefficient (r=0.37; Table 5.4-1) 

was an indication that the minimum surface air temperatures at Taro during the May-

Oct period were not influenced by the SST but by other climatic feature such as, cross-

equatorial troughs (Wang 2006) or high pressure systems (Australian Bureau of 

Meteorology & CSIRO 2011a) during May-Oct El Niño events. The positive correlation 

(r=0.37) is important to note here, since Niño3.4 is the average sea-surface temperature 

(SST) anomaly in the central and eastern Pacific (Australian Bureau of Meteorology & 

CSIRO 2011a), a negative correlation is expected for western Pacific region.  

The same argument can be used to explain the significant positive correlation analysis 

between the minimum surface air temperatures and the Niño3.4 index at Lata during the 

Nov-Apr period (r=0.45; Table 5.4-1). This means that the minimum surface air 

temperature at Lata could probably be linked to the presence of high pressure systems 

associated with mid-latitude troughs moving equatorward (Davidson et al. 1983) as the 

SPCZ moved northward during El Niño events (Vincent 1994; Folland et al. 2002b). 

Also, the presence of the high pressure system to the south of Lata may probably direct 

strong south-easterly dry winds, resulting in the warmer surface temperature at Lata 

during Nov-Apr El Niño events (cf. Fiji Meteorological Services 2013). 

The correlation analysis between the maximum surface air temperatures and the ENSO 

indices of the stations during the Nov-Apr period showed that ENSO only significantly 

impacted Taro and Munda (Table 5.4-1).  Also from their respective available data 

years used in the result chapter these two stations have the same correlation value     

(r=-0.39) both significant at 95% confidence level for the PDO against their maximum 

surface temperatures during the May-Oct period (Table 4.1-2 and Table 4.2-2). Being 

located in the western region of the country, these facts reiterate that these stations are 

influenced by the same climatic features at decadal timescales due to their geographic 

locations.  

The impact of ENSO, measured by the SOI, on the maximum surface air temperature 

during the May-Oct period is stronger in Munda than all other stations in the country 
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(Table 5.4-1). The strong positively significant correlation (r=0.75) of the maximum 

temperature with the SOI indicate that Munda lies far from the transition climatic zone 

from dry air (high-pressure region) to moist air (low-pressure region) of the country, 

hence, the effects El Niño on its maximum temperature were distinct for both season 

(cf. Mataki et al. 2006, p64). 
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5.5 EXTREME TEMPERATURE (WARM DAYS/NIGHTS VS COOL DAYS/NIGHTS) 

A higher occurrence of warm-days and warm-nights was observed during the wet 

seasons (Nov-Apr) than the dry seasons (May-Oct) at most stations from 1981 to 2010 

(see Figs. 4.1-6, 4.2-6 etc…to 4.7-6). On the other hand, a higher occurrence of cool-

days and cool-nights were observed at most stations during the dry seasons (May-Oct) 

than during the wet seasons (Nov-Apr) (see Figs. 4.1-6, 4.2-6 etc…to 4.7-6). 

The annual number of warm-days and warm-nights increased while the annual number 

of cool-days and cool-nights decreased over the past decades at most stations in the 

Solomon Islands (Table 5.5-1). The significant changes in trends at 95% confidence 

level (p<0.05) correspond to higher coefficient of determination (R2) values (up to 58%) 

while those with insignificant changes in trends (p>0.05) correspond to very low R2

values (less than 10%) (Table 5.5-1). Most stations displayed statistically significant 

increases in the number of warm-days, while the increases in the number of warm-

nights are not statistically significant (Table 5.5-1). Only Kirakira displayed a 

statistically significant increase in the number of warm-nights. This may be due to the 

different study period used for Kirakira (1971-2000) than the rest of the stations (1981-

2010), with the fact that the mid-1970s had more frequent occurrence of the warm 

phase of the ENSO in the South Pacific (Trenberth & Hoar 1996; Folland et al. 2002a). 

On the other hand, the decreases in the number of cool-days at all the stations are not 

statistically significant at the 95% confidence level (Table 5.5-1). The decreases in the 

cool-nights over the period, 1981-2010, for Taro, Honiara, Henderson and Lata are 

statistically significant. On the other hand, Munda, Auki and Kirakira have high 

interannual variability in the number of cool-nights, making it difficult to establish a 

long-term trend. 

The increasing warm days and nights, and decreasing cool days and nights were also 

were reported in Fiji (Mataki et al. 2006), the Asia-Pacific region (Manton et al. 2001; 

Nicholls et al. 2005; Choi et al. 2009) and for small islands in general (Mimura et al.

2007). On global scale, similar trends were observed over most land areas during the 
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past 50 years (Alexander et al. 2006; IPCC 2007b; 2012). An interesting aspect reported 

by Nicholls et al. (2005) was the strong linkage between the increases in warm-days 

and warm-nights and El Niño events in the preceding years. This relation can only be 

noted here but not investigated in this study due to lack of long term data for the 

Solomon Islands. 

The opposing trends (i.e. increasing warm-days and nights vs decreasing cool-days and 

nights) observed are linked to the increasing mean temperature trends (Table 5.1-1). 

This is because the distribution of data follows the normal or Gaussian distribution 

principle (Fig.11, p24 in Salinger 2005). As such, the effect of small shift, 

corresponding to a small change in the mean or variance of the distribution affects the 

frequency of extremes at either end of the distribution (Salinger 2005; Solomon et al.

2007), that could produce substantial changes in the frequency of extreme events (Karl

et al. 1984; Mearns et al. 1984). So in general, an increase in the frequency of warm-

days and warm-nights was accompanied by a decline in the number of cool-days and 

cool-nights.  

Averaged over all the stations, the annual frequencies of warm-days and warm-nights 

have increased by +2.2 and +0.8 days/decade respectively, whereas the frequencies of 

cool-days and cool-nights have decreased by 0.4 and 1.4 days/decade respectively over 

the past decades (1981-2010; Table 5.5-1). The frequencies of the warm-days and 

nights, and cool-days and nights in the Solomon Islands are qualitatively lower 

compared to those of a study by Choi et al. (2009) on 10 Asia-Pacific Network (APN) 

countries (Mongolia, China, Republic of Korea, Japan, Vietnam, Thailand, Pakistan, 

Malaysia, Australia, and New Zealand) for the period, 1955-2007. That is, the trends in 

the warm-days and warm-nights in the APN countries exceeded those of the Solomon 

Islands by a factor of 2 and 7 respectively, and the cool-days and cool-nights exceeded 

those of the Solomon Islands by a factor of 8 and 5 respectively (cf. Choi et al. 2009).  

The disparity may be attributed to the different length of records used by this study and 

that of Choi et al. (2009), and the fact that the 10 APN countries are industrially 

advanced, may link to the significant influence of the “heat island effect” on their 
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through December (Figure 4.2-7a). The July-peak is iconical to Taro and Munda, two 

stations of the northwestern region of Solomon Islands. This iconic peak could be 

influenced by the large climate features such as the ITCZ and SPCZ linked to the 

influence of ENSO or a combination of them in the following ways:  

�
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Firstly, the ITCZ was found to be more intense during the June-August period at 

approximately 2°N of latitude (Australian Bureau of Meteorology & CSIRO 2011a). Its 

equatorial position could mean that ITCZ influences Taro and Munda more strongly in 

the June-August period than other stations further south. For Munda the onset and 

retreat of the ITCZ was abrupt as indicated by the drop in June and August rainfalls 

(Figure 4.2-7a). For Taro, the July peak tend to be preceded by a calm period (May-

June) but a gradual decline from August, coinciding with the retreat of the ITCZ 

poleward (northward) and the gradual build up of high pressure systems leading to the 

relatively reduced rainfall in December (premonsoon calm) (Figure 4.1-7�).  So the 

influence of the ITCZ may have been sustained longer at Taro due to its 

northwesternmost location, as a result giving Taro the “dome-shaped” pattern of 

monthly rainfall distribution with a July-peak (Figure 4.1-7�).  Preliminary analysis of 

4-year (2008-2011) rainfall data from Sirukaa, southeast Choiseul indicated similar 

monthly trends with the highest July peak (See Appendix III), indicating that the whole 
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,��/��=-2+,-.0�".,-K.5��-,-*2/�$�"�%�*/A-,)).0�L6�������-0'�-,4,/.A.�2M/.0�+*/*/B�72+4,/6�,-��*5=D,�7,+4�2/���-K�-,/'����
$�=+*-2+2��*/.5,)��*/*/B�$�%��-0���%��



�

����

�

island of Choiseul could be experiencing similar seasonal rainfall distribution, and may 

prove that the July-peak at Taro cannot be influenced by a one-off extreme event. Nov-

Apr (Wet or rainy season) and May-Oct (Dry season) are the normal seasonal cycle 

described for the Solomon Islands in many reports (e.g. Australian Bureau of 

Meteorology & CSIRO 2011c; MECDM 2011). Being further to the northwest, Taro 

(and Choiseul Island) has a different seasonal cycle in rainfall.�

Secondly, ENSO is strongly linked with variations in the ITCZ, the SPCZ and the WPM 

in the south Pacific region (Australian Bureau of Meteorology & CSIRO 2011c). At 

Taro, the highest annual rainfall (5132mm) was in 1993, an El Niño year (Mataki et al.

2006) in which the month of July was recorded with the highest average at 343mm 

(Figure 4.1-7�).  Under El Niño conditions, the ITCZ moves equatorward (Australian 

Bureau of Meteorology & CSIRO 2011a; Cai et al. 2012). This may explain the 

enhanced rainfall in 1993 for Taro. On the other hand, the ITCZ shifts poleward 

(northward) under La Niña conditions (Australian Bureau of Meteorology & CSIRO 

2011a), moving farthest from the Solomon Islands resulting in negative rainfall 

anomalies at Taro during recent La Niña episodes of 1998, 2008 and 2011 (Figure 

4.1-8).  

Under ENSO-neutral conditions some evidence indicated that the SPCZ moved 

equatorward during the dry season (May-Oct; Australian Bureau of Meteorology & 

CSIRO 2011a). This may also explain the enhanced rainfall during May-Oct period at 

Taro (Table 5.6-1). However, one can broadly speculate on the role of SPCZ and its 

linkage to ENSO and storms in the Solomon Islands, as majority of studies in the Asia 

and the South Pacific region (e.g. Manton et al. 2001; Griffiths et al. 2003; Griffiths et 

al. 2005; Nicholls et al. 2005; Choi et al. 2009)  tend to leave out Solomon Islands 

weather data from analysis due to homogeneity reasons for regional scale analysis. As 

such, it could be possible for the SPCZ or its associated effects to influence the 

northwestern region of the country during El Niño events, but lack of studies for this 

part of the country limits one to such speculation at this point in time. 
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Nevertheless, a comparison with the tropical cyclone data from 1951 to 2003 does not 

indicate any cyclones occurring during the July-October period in any of the El Niño 

years (see Figure 5.6-2). So the increased rainfall during July for Taro may not have 

been caused by a cyclone. This is consistent with the fact that tropical cyclones rarely 

occur outside of the Nov-Apr period in Solomon Islands (Australian Bureau of 

Meteorology & CSIRO 2011c). Having said that, it should also be noted that there are 

gaps in the cyclone data for Solomon Islands�which may mean that not all cyclones 

that passed through the Solomon Islands in the past have been recorded. 

In addition, under El Niño conditions the onset of the WPM was probably delayed until 

late January or February (Australian Bureau of Meteorology & CSIRO 2011a). When 

considering the westerly direction of the low level winds and the possible interference 

to such windflow by orograhic effect by other islands, Munda may be considered more 

strongly exposed to the influence of the WPM than other stations in the Solomon 

Islands during the Jan-Mar period. Being located on the western side of New Georgia 

Island, Munda is on the windward side and lies directly on the path of the westerly 

winds without any orographical interference by other larger islands within 2 degrees 

longitude to its westerly direction (see Figure 1.3-1; Figure 5.6-1). Taro, on the other 

hand has the larger islands of Shortlands and Bougainville lying less than 1 degree 

longitude to its westerly and northwesterly directions. As such, these larger islands may 

act as the ‘windward side’ making the region to their east and south where Taro Island 

is located becomes the ‘leeward side’. In fact, Munda is the only station in the SIMS 

network that is not facing any larger island within 2 degrees longitude to its westerly 

direction (Figure 1.3-1). Other stations like Honiara, Henderson and Kirakira are on the 

leeward sides of their islands. Future research may determine whether this suggestion 

could be verified statistically. 
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5.7 RAINFALL AT LOCATIONS

5.7.1 ONE-WAY ANOVA AND TUKEY HSD TEST ON RAINFALL
In this section an attempt is made to determine whether the average annual rainfall is 

significantly different at different locations using the One-way ANOVA and Tukey 

HSD test. 

�
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A One-way ANOVA test for both seasonal and annual rainfall of all the stations from 

1981 to 2010 ran concurrently in the R-software confirmed that the difference between 

at least a pair of station for both the seasonal and annual rainfall were significant at 95% 

confidence level (p<0.001). Further inter-station comparision of the average rainfalls 

using the TukeyHSD test showed that 67% (14/21) of the pairs of stations were 

significantly different during the wet season, 81% (17/21) were significantly different 

during the dry season and 71% (15/17) were significantly different at the annual 

timescale (Table 5.7-1a-c).  

The + and – signs (Table 5.7-1a-c) indicate the difference in the average rainfall of a 

station with respect to the pairing station. A (+) indicates a station with higher average 

rainfall than its pairing station, with a (–) sign. The signs also indicate that locations of 

stations have impacted the significant difference in the seasonal and annual rainfalls. In 

general, the outlying stations have higher average rainfalls than those around the central 

region (Table 5.7-1c & Figure 5.7-1). For example, Taro and Munda which are on the 
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northwestern region have significantly higher average rainfalls than Honiara, Henderson 

or Auki, which are on the central region of Solomon Islands (Table 5.7-1c).  
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Likewise, Lata which is on the southeastern-most region has significantly higher 

average rainfalls than all stations in the country (Station 6; Figure 5.7-2). This is due to 

its location within the active zone of the SPCZ, year round (Australian Bureau of 

Meteorology & CSIRO 2011c). Note that rainfall in all the stations was highly variable 

(Figure 5.7-2), more than those of temperature (Figure 5.2-2). 

Taro’s average seasonal rainfall was significantly higher during the May-Oct period 

than during the Nov-Apr period (Table 5.7-1 a & b). This is due to its close proximity to 

the ITCZ, which was found to be more intense during June-August period at 

approximately 2°N of latitude (Australian Bureau of Meteorology & CSIRO 2011a). In 

addition, the onset of the WPM during the June-August period brings low level moist 

air from the northern hemisphere across the equator (Australian Bureau of Meteorology 

& CSIRO 2011a). This may not directly influence the rainfall of the Solomon Islands 
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during this period but may have also fed moisture to the ITCZ, which in turn enhance 

the rainfall in the northwestern region of the country, where Taro is also located. 

The western stations (Taro and Munda) displayed no significant difference in average 

seasonal rainfalls against Auki’s rainfall during the Nov-Apr period but were 

significantly different in terms of rainfall to that of Auki during the May-Oct period 

(Table 5.7-1 a & b). This could suggest that Auki lies in the transition climatic zone of 

the country, hence, the effects of large climatic features such as El Niño on the wet 

season rainfall on Auki were not always distinct (cf. Mataki et al. 2006, p64).��

�

5.7.2 WARD’S CLUSTERING METHOD ON RAINFALL

In this section an attempt is made to determine whether the average annual annual 

rainfall of stations are comparable based on their mean and standard deviation (Table 

5.7-2) using the Ward’s clustering method. The clustering of stations from this method 

may indicate the significance of the region and locations of sites with respect to their 

rainfall mean and standard deviation. 
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From the mean and standard deviations given in Table 5.7-2 four clusters were 

produced as shown in Figure 5.7-3 based on the homogeneity of their their means and 

standard deviations. It is clear that different locations have significantly different 

average annual rainfalls but that certain locations experienced comparable rainfall 

variation in terms of their mean and standard deviation. So the locations of the stations 

may have some effect on the variation of the rainfalls, and those with comparable 

rainfall variation in terms of their mean and standard deviation are grouped together. 

For example, Lata which is on the southeasternmost region and was more influenced 

year round by the SPCZ than  most stations in the Solomon Islands (Australian Bureau 

of Meteorology & CSIRO 2011c) was clustered by itself  (Figure 5.7-3). Taro and 

Kirakira may be located far apart but their relatively close proximity to the ITCZ and 

SPCZ respectively could have comparable influence on their rainfall, but it does not 

mean that the impact of the ITCZ and SPCZ are physically comparable. 
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Unlike the surface air temperature (Figure 5.2-3), rainfall variation in Honiara and 

Henderson both on Guadalcanal Island were comparable in terms of their mean and 

standard deviation and comprised another cluster. This may suggest that elevation 

significantly affected the temperature more than the rainfall when considering the 

comparability of their respective means and standard deviation of this two neighbouring 

stations. Since Honiara station is sited on a ridge at 55m above the mean sea-level, its 

temperatures could be affected by the orographic or rain-shadow effect, that enhances 

cloud formation and precipitation (Prudhomme & Reed 1999), as a result temperatures 

typically decrease with elevation (Kirchner et al. 2012). However, as far as rainfall is 

concerned, both Honiara and Henderson are weakly influenced by the moist-laden 

prevailing southeasterly trade winds from around May to November since they are 

located on the leeward side of the Guadalcanal Island (Trustrum et al. 1989). 

Munda and Auki, which are located on the same latitudinal position, both at 08°S, 

comprise one cluster (Figure 5.7-3). This emphasizes the fact that the same latitudinal 

position of the stations influenced the homogeneity in the mean and standard deviation 

of their average annual rainfalls; and that their climate could be driven by the same 

climatic influences due to their geographic orientation.  

5.8 RAINFALL TRENDS

5.8.1 SEASONAL RAINFALL VARIABILITY, TRENDS AND ENSO IMPACT

On average much more rainfall was received during the Nov-Apr period than May-Oct 

period at most stations (Table 5.6-1). Hence, the former period is the wet or rainy 

season and the latter is the dry season in the Solomon Islands (Australian Bureau of 

Meteorology & CSIRO 2011c). The differences in the mean of seasonal rainfalls were 

statistically significant at the 95% confidence level at most stations except at Kirakira 

(Table 5.6-1). The seasonal rainfalls in the outlying parts of the country (i.e. Taro, Lata 

and Kirakira in Table 5.6-1 were less significantly different than the others because they 

receive almost constant amount of rainfall year round (Australian Bureau of 

Meteorology & CSIRO 2011c). The “wet season” is attributed to the fact that, the SPCZ 

is most active during the Nov-Apr period in the region, while the WPM is most active 
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from January to March and feeds moisture into the SPCZ (Australian Bureau of 

Meteorology & CSIRO 2011c). The ITCZ also seems to lie closest to the Solomon 

Islands in the wet season (Australian Bureau of Meteorology & CSIRO 2011c), 

however, its impact may be stronger in the northern part than the southern part of the 

country as mentioned in the previous section. The occurrences of tropical cyclones 

between November and April also contribute greatly to the wet season in the country 

(Australian Bureau of Meteorology & CSIRO 2011c; cf. Fig 5.6-2a). An exception to 

this seasonal distribution is Taro, where May-Oct period received more rainfall than 

Nov-Apr period (Figure 4.1-7b). Possible explanation to this difference is discussed 

under section 5.6. 
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Auki’s wet season rainfall was weakly correlated to ENSO and those of Taro and 

Munda were not significant (Table 5.8-2). This could suggest that these stations lie in 

the transition climatic zone from dry air (high-pressure region) to moist air (low-

pressure region) of the country, where the effects of El Niño the wet season rainfall 

were not always distinct (cf. Mataki et al. 2006, p64). This could be partly due to the 

interference of other climatic features such as cross-equatorial troughs and intrusion of 

mid-latitude troughs that may have cancelled out the effects of ENSO, hence, its effect 

on the wet season rainfall on these stations were not distinct as the others (Table 5.8-2)  

In general, ENSO impacted the wet season rainfalls at most stations more significantly 

than during the dry season (Table 5.8-2). The significant increase in the wet season 

rainfall in the current climate of Lata (Table 5.8-1) is consistent with the projection that 

precipitation is likely to increase during the Dec-Feb period in the Southern Pacific 

(Christensen et al. 2007), due to increased atmospheric moisture likely in a warmer 

climate (Australian Bureau of Meteorology & CSIRO 2011a).  
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5.8.2 ANNUAL RAINFALL VARIABILITY

The annual rainfall generally lack clear trends at most sites ranging between -1.7 and 

+1.7%/decade, except for the Auki station that displayed a significantly decreased trend 

at -3.9%/decade (Table 5.8-3). The significant trend (p=0.003) at Auki correspond to a 

coefficient of determination (R2) value of 18% while the rest of the stations have 

insignificant trends (p>0.05) corresponding to very low R2 values of 5% and less (Table 

5.8-3). The difficulty in identifying any long-term trends in rainfall is mainly because of 

the high interannual variability, strongly influenced by the natural climate variability 

largely associated with the ENSO phenomenon (Australian Bureau of Meteorology & 

CSIRO 2011a; c). Furthermore, this variability is larger than the magnitude of long-

term rainfall trends; as a result rainfall trends are less spatially coherent than those of 

the temperature (Australian Bureau of Meteorology & CSIRO 2011a).  

There were marginal decreases in the average annual rainfall trends at Taro (-1.2%), 

Honiara (-1.7%), and Kirakira (-1.1%) over the past decades but these trends are not 

statistically significant (Table 5.8-3). The average annual rainfall trend at Auki 

decreases by 3.9% over 1962 to 2011 was statistically significant (Table 5.8-3). The 

decreasing trend is consistent with the general decrease in the annual rainfall observed 

across the Asia-Pacific region (Manton et al. 2001), particularly for locations south-

west of the SPCZ (where the Solomon Islands lie) between 1960 and 2000 (Griffiths et 

al. 2003). During the 1971-1980 period, decadal decreases of around 20-33% are 

observed in the central region (Honiara, Auki and Kirakira) while decadal increases of 

around 23 and 12% are observed in the western region (Munda) and the southern region 

(Lata) respectively, but all these trends are not significant (Table 5.8-4). The decreases 

in the average annual rainfall to the south-west of the SPCZ were consistent with the 

movement in the mean location of the SPCZ to the north-east (Australian Bureau of 

Meteorology & CSIRO 2011a). The north-east shift of the mean location of the SPCZ 

coincided with the El Niño events in the 1970s (Vincent 1994; Folland et al. 2002b; 

Vincent et al. 2011), which also resulted in large precipitation anomalies often linked to 

tropical cyclones in the north-eastern Pacific (Brazdil et al. 2002; Cai et al. 2012) and 

reduced rainfall in the south-western Pacific. 
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There were marginal increases in the average annual rainfall trends at Munda (1.7%), 

Henderson (0.5%), and Lata (1.7%) over the past decades but again these long term 

trends are not statistically significant (Table 5.8-3). On decade by decade timescale 

between 1991 and 2010, the majority of the stations recorded positive trends, with 

Honiara and Henderson both on Guadalcanal Island recording significant trends around 

48% per decade in the 1991-2000 period (Table 5.8-4). On the other hand, stations in 

the western region (Taro and Munda) recorded marginally decreasing trends in the 

1991-2000 period but then displayed increasing trends in the later decade, 2001-2010. 

This decadal change can be attributed to natural variability (Australian Bureau of 

Meteorology & CSIRO 2011c), which the Interdecadal Pacific Oscillation (IPO) has 

been attested to as a significant source of climate variation on decadal time scales 

throughout the South West Pacific region (Salinger 2005). Furthermore, the positive 

trends  could also be attributed to the higher occurrence of tropical cyclones during the 

El Niño years than during La Niña years between the period 1969/70 and 2009/10 in the 

Solomon Islands (Australian Bureau of Meteorology & CSIRO 2011c; cf. Fig 5.6-2c).��
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Power et al. 1999). The decadal changes follow an ENSO-like pattern of variability 

(Power & Colman 2006). For example, a decade dominated by El Niño events will tend 

to have an El Niño-like Sea surface temperature (SST) pattern, whereas a decade 

dominated by La Niña events will tend to have a La Niña-like decadal SST pattern 

(Australian Bureau of Meteorology & CSIRO 2011a). The study by the PCCSP on the 

climate variability of Honiara and Lata stations in the Solomon Islands, however, 

showed no significant correlation between seasonal rainfalls and the IPO index (Tables 

13.1 & 13.2, p204 in Australian Bureau of Meteorology & CSIRO 2011c). This was due 

to the seasonal or short-term fluctuations being tested against the longer-term index 

(Australian Bureau of Meteorology & CSIRO 2011a), as well as the lack of long term 

data in the Solomon  Islands required for such study. However, the varying changes 

observed can also be attributed to natural variability (Australian Bureau of Meteorology 

& CSIRO 2011a), particularly on decadal scale, which the IPO has been attested to as a 

significant source of climate variation on decadal time scales throughout the South West 

Pacific region (Salinger 2005).  
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decadal oscillation, which obviously can be observed by the dominantly positive rainfall 

anomalies since 1996 at Auki (Figure 4.5-8). Previous analyses of trends in extreme 

rainfall across the South Pacific between 1961 and 2003 showed that extreme rainfall 

trends were generally spatially coherent (Manton et al. 2001; Griffiths et al. 2003), 

which is also true for the stations in the Solomon Islands. 

The frequency of both high and heavy rainfall events at Taro and Henderson decreased 

marginally over the 1981-2010 period but that was not significant (Table 5.9-1). On the 

other hand, the frequencies of high rainfalls at Auki, Kirakira and Lata have increased. 

Though not significantly at the 95% confidence level, it may be considered significant 

at the 90% confidence level (Table 5.9-1). Similar observation of the marginal increases 

or decreases in rainfall were also reported in Fiji (Mataki et al. 2006), the Caribbean 

Islands (Mimura et al. 2007), and many land regions since 1950 (Solomon et al. 2007). 

The increasing trends in the extreme rainfall events in Auki and Kirakira, however, do 

not reflect those of the annual rainfalls (Table 5.8-3). The reason for the disparity was 

partly due to different record lengths as alluded to previously. In addition, increasing 

trends in extreme rainfalls were also reported in land regions where there has been a 

reduction in total rainfall amount (Solomon et al. 2007). Such disparity between the 

absolute extremes and the normal was not uncommon as reported in some literature 

(e.g. Kruger & Sekele 2012). This is because individual extreme events may not 

necessarily be identical to the mean changes resulting in such disparity. This is because 

extremes are infrequent events at the high and low end of the range of values of a 

particular variable that could occur even in a background of unchanging climate, 

making it difficult to attribute any individual event to a change in the climate (Solomon

et al. 2007).  

Some studies correlate the increasing number of heavy rainfall events to the decreasing 

number of consecutive dry days (e.g. Manton et al. 2001; Griffiths et al. 2003). This 

relationship is only noted but not investigated in this study due partly to missing data 

and the discrepancy of recording missing and/or lack of rainfalls in the daily rainfall 

records (See Appendix I). 
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The central region (Auki, Honiara and Henderson) tend to have the least occurrences of 

heavy rainfalls compared to the outlying regions of the country, with Lata in the 

southeastern most part displaying the highest frequency of heavy rainfalls (117 events 

with �100mm), averaging about 4 heavy rainfalls per year between 1981 and 2010. 

Being farthest to the southeast, Lata is in a region where the SPCZ is active year round 

(Australian Bureau of Meteorology & CSIRO 2011c). 

Most high and heavy rainfalls occurred during the wet season than the dry season for 

most of the stations (see Figs. 4.1-12b, 4.2-12b etc…to 4.7-12b and 4.1-13b, 4.2-13b 

etc…to 4.7-13b). This was due to the higher occurrences of tropical cyclones during the 

Nov-Apr period in Solomon Islands (Australian Bureau of Meteorology & CSIRO 

2011c; cf. Fig 5.6-2a). 
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5.10 PROJECTIONS

5.10.1 TEMPERATURE

It must be noted from the outset that the suggested scenarios discussed under this 

section are personal opinions of the author based on personal interpretation on the GCM 

outputs such as those captioned in this section. Hence, may not necessarily reflect what 

the PCCSP report, which is the dominant source of information gathered for this 

section, may have intended to portray.  However, from the selection of the upper range 

of the high emission (A2) scenario, it rather portrays the worst case scenario possible by 

presenting the likely magnitude of average temperatures in the 21st century for the 

Solomon Islands. 

The surface air temperatures are projected to increase for all the stations in Solomon 

Islands over the course of the 21st century (See Figs. 4.1-14, 4.2-14…to 4.7-14 & Table 

5.10-1). For example, the annual mean temperature of 27.5°C currently at Taro may 

increase to a value as high as 28.5°C by 2030, 29.3°C by 2055 and 30.8°C by 2090. 

Similarly, the minimum and maximum temperatures will also increase coherently over 

the same periods. Likewise, the surface air temperatures at the other stations will 

increase over the course of the 21st century (Table 5.10-1). There is very high 

confidence in the projected increase in temperatures because warming is consistent with 

rising GHG concentrations, and that all models agreed on this direction of change 

(Australian Bureau of Meteorology & CSIRO 2011c; see Fig 5.8-1).  

Although not shown, seasonal projections (May-Oct, Nov-Apr) of surface air 

temperature are very similar to annual projections (Australian Bureau of Meteorology & 

CSIRO 2011a; c). However, the projected warming over Solomon Islands (including 

the South Pacific region) will be less than the global average, which is dominated by 

northern hemisphere stations (Australian Bureau of Meteorology & CSIRO 2011a). The 

relatively lower projection in the South Pacific region is due to the domination by the 

ocean (see Figure 5.10-1); and ocean temperatures increase more slowly due to its 
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5.10.2 RAINFALL

From the outset, it should be noted again that only the upper limit of the range of 

change in the annual total rain for the high emission scenario (A2) for the future time 

periods 2030, 2055, and 2090 were considered for the calculation of the possible 

magnitude of the average annual rainfall for the weather stations in the Solomon 

Islands. In other words, the worst case scenario is chosen for study here. However, the 

projected changes should the lower limits be considered have ranges that cross zero 

(Table 3.7-1), so both increased and decreased rainfall are possible.  

The annual average rainfalls are projected to increase for all the stations in Solomon 

Islands over the course of the 21st century (See Figs. 4.1-15, 4.2-15 etc…to 4.7-15 & 

Table 5.10-2). For example, a 3277.7mm annual average rainfall that currently falls at 

Taro may increase to a value as high as 3605mm by 2030, 3772mm by 2055, and 

4039mm by 2090. Similarly, a 4379.9mm annual average rainfall that currently falls at 

Lata may likely to increase to a value as high as 4730mm by 2030, 4949mm by 2055, 

and 5300mm by 2090. However, there is moderate confidence in the range and 

distribution of possible rainfall futures, firstly, because the CMIP3 models broadly 

captured the influence of the WPM, ITCZ and SPCZ on rainfall of the Solomon Islands, 

and secondly, the models are unable to resolve many of the physical processes involved 

in producing rainfall (Australian Bureau of Meteorology & CSIRO 2011c; see Fig 5.8-

2). Although not shown, seasonal projections (May-Oct, Nov-Apr) of average rainfall 

are also projected to increase over the same periods (Australian Bureau of Meteorology 

& CSIRO 2011c). Significant increases of rainfall are also projected during the summer 

(dry seasons) for the South Pacific (Lal 2004); hence, contributing to the projected 

increase in annual rainfalls in the Solomon Islands.�

The current increasing trends of the annual average rainfall at Munda, Henderson and 

Lata (Figs. 4.2-8, 4.4-8 and 4.6-8) agree with the positive direction of the projections. 

But the inconsistency in the trend directions between the current and the projected 

annual average rainfall for Taro, Honiara, Auki and Kirakira stations (see Figs 4.1-8, 

4.3-8, 4.5-8 & 4.7-8) were mainly attributed to the choice of the upper range of the high 
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emission scenario (A2) selected for study (Table 3.7-1), and limitations of the climate 

models. The upper range selection of the high emission scenario (A2) was chosen for 

this study based on reasons mentioned under the methodology section 3.7.  So it gives 

the likely worst case scenario of the rainfall. Moreover, the GCM models selected by 

the PCCSP were also acknowledged to have limitations in the following aspects: 

Firstly, local factors (e.g. topography) were not captured by the PCCSP selected GCMs. 

Secondly, the projections presented by the models represent an average over a very 

large geographic region and not at site level (see Figure 5.10-2 & Figure 5.10-3). 

Thirdly, the interannual variability in rainfall over the Solomon Islands is strongly 

influenced by ENSO in the current climate. As there is no consistency in projections of 

future ENSO activity, it is not possible to determine whether interannual variability in 

rainfall will change in the future (Australian Bureau of Meteorology & CSIRO 2011c). 

However, it must be noted that a recent study by the Australian Bureau of Meteorology 

has used new climate models from the IPCC to work out the first consistent projection 

of how El Niño will be affected by a warming climate (Power et al. 2013). This study 

finds that both the wet and dry anomalies will be greater in future El Niño years, which 

means that ENSO-induced floods and droughts will be more intense in the future 

(Power et al. 2013). Hence, ENSO may significantly elevate or suppress rainfall, which 

in turn would influence the average annual rainfall in the Solomon Islands.  

At station level, the outlying parts of the country (Taro and Munda in the northwest and 

Kirakira and Lata in the southeast) are likely to receive more rainfalls than the central 

parts (Honiara, Henderson and Auki) (Table 5.10-2). This could be explained by the 

projected intensities of the SPCZ and WPM (Australian Bureau of Meteorology & 

CSIRO 2011a). Under the current climate, evidences show that the SPCZ tends to move 

back to its normal position since 1990 (Australian Bureau of Meteorology & CSIRO 

2011a). In the SPCZ current zonal orientation the southern part of the country where 

Lata and Kirakira are located would receive more rainfall than the other stations if such 

SPCZ orientation continues into the future.  
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Many attempts to project the physical processes that produce rainfall using climate 

models show that most models poorly simulate the present location and orientation of 

the SPCZ. For example, the PCCSP report discusses a bias in most models, which tend 

to have the SPCZ being “too-zonal”, meaning in many models it does not have the 

diagonal orientation seen in the real world (Figure 5.10-2; Figure 5.10-3; BoM & 

CSIRO 2011a, p150). This orientation does occur, however, in some extreme El Niño 

years (in the real world and models), and is projected to occur more frequently (Cai et 

al. 2012), but the fact remains that the “zonal” orientation is a model error and should 

not be taken as a robust projection of the SPCZ becoming more zonal.   
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5.10.3 RETURN PERIODS OF HEAVY RAINFALL

The intensities of days of heavy rainfalls are projected to increase over the course of the 

21st century (see Figs. 4.1-16, 4.2-16 etc…to 4.7-16 & Table 5.10-3). For example, a 1-

in-36 year return period that currently would have produced a 257.4mm rainfall at Taro 

will likely to produce a 278mm in 2030, a 314mm in 2055, and a 380mm rainfall by 

2090. Similarly, a 1-in-41 year return period that currently would have produced a 

magnitude 309mm rainfall at Lata will likely to produce a 334mm in 2030, a 377mm in 

2055, and a 456mm rainfall by 2090. Likewise, the intensities of heavy rainfalls at the 

other stations increase over the course of the 21st century (Table 5.10-3). 

Reflecting the intensity, the frequency of days of heavy rainfalls is also projected to 

increase over the course of the 21st century (see Figures 4.1-16, 4.2-16 etc…to 4.7-16 & 

Table 5.10-4). For example, a magnitude 257.4mm rainfall that currently would have 

recurred once in 36 year at Taro will likely to recur 1-in-30 year in 2030, 1-in-24 year in 

2055, and 1-in-7 year by 2090. Similarly, a magnitude 309mm rainfall that currently 

would have recurred once in 41 year at Lata will likely to recur 1-in-34 year in 2030, 1-

in-28 year in 2055, and 1-in-20 year by 2090. Likewise, the frequencies of heavy 

rainfalls at the other stations increase over the course of the 21st century (Table 5.10-4).  
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At station level, the projected extreme rainfalls (Table 5.10-3) did not reflect those of 

the total annual average rainfalls in terms of the regional distribution in the Solomon 

Islands as pointed out under subsection 5.10.2. For instance, Lata has the highest annual 

average rainfall with the greatest increase in projected annual average rainfall intensities 

(Table 5.10-2) but is not consistently so with the extreme rainfalls (Table 5.10-3). This 

inconsistency is due to the following factors. Firstly, the projections depend on the 

magnitude of the observed daily extreme rainfall and as such may be affected by the 

short-term data that may have excluded heavier rainfalls that have occurred previously. 

Secondly, individual extreme events may not necessarily be identical to the mean 

changes because extremes are the rare or infrequent events at the high and low end of 

the range of values of a rainfall record for example, that could occur even in a 

background of unchanging climate, making it difficult to attribute any individual 

extreme event to a change in the climate (Solomon et al. 2007).  

In general, both the intensity and frequency of heavy rainfall in the Solomon Islands is 

projected to increase along with those of  the region (Australian Bureau of Meteorology 

& CSIRO 2011c) and the globe (Salinger 2005). The PCCSP report warned that while 

there is high confidence in the increasing intensities and frequencies of projected 
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extreme rainfall, models tend to underestimate the intensity and frequency of extreme 

rainfall, and were unable to resolve many of the physical processes involved in 

producing extreme rainfall (Australian Bureau of Meteorology & CSIRO 2011c). 
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CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS

Temperature and rainfall data from seven weather stations of the Solomon Islands were 

analysed in this study. Trend analysis of the surface air temperatures have highlighted 

increasingly significant trends (p<0.001) between 1951 and 2011 from the available 

digitised record lengths of the individual stations. The mean surface air temperature 

increased significantly ranging from 0.13 to 0.40°C/decade over the respective 30 to 60 

years of digitized records. This is consistent with past studies in the region and global 

average. Such warming appears to have become prevalent from the late 1960s onwards, 

due to the rise in anthropogenic activities (Río et al. 2012). The warming in the Pacific 

has also been attributed to human-induced global warming (Stott et al. 2010).  The 

changes observed in the mean surface temperatures for the Solomon Islands were 

consistent with the observed footprints of human-induced climate change due to 

increase in anthropogenic greenhouse gas concentrations, and decadal natural 

fluctuations associated with the El Niño-Southern Oscillation. 

  

The DTR trends increased significantly at Taro, Henderson, Auki and Kirakira, which 

also registered the stronger trends in the maximum over the minimum surface air 

temperatures, while the DTR trends decreased marginally at Munda, Honiara and Lata 

as a result of slightly stronger trend in the minimum over the maximum surface air 

temperature.  

Honiara’s temperatures have also been influenced by the station’s exposure and 

elevation, resulting in the decreased DTR trend. Since temperature decreases with 

elevation (Kirchner et al. 2012), Honiara’s maximum temperature trend was weaker 

than the minimum temperature.  In addition, heat island effect due to the urbanization 

taking place since the 1970s, may have affected the urban centers on which weather 

stations are sited. Heat island effect could elevate the nighttime surface air temperature 

(Tmin) of urban-based stations such as Honiara. The magnitude of the disparity in 

temperature caused by the heat island effect could not be fully quantified in this study 

due to the lack of long-term land-use-change type data that could be used in quantifying 
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the heat island effect. The population growth rate may indicate to some degree the rate 

of urbanization. 

Large local increases in the mean surface air temperatures resulted in the increase in the 

frequency of warm-days and warm-nights with accompanied decreases in the number of 

cool-days and cool-nights in most of the stations. The average frequency in the number 

of warm days for the Solomon Islands increased by +2.2 days/decade with station rates 

ranging from +1.2 to +4.3 days/decade. The average frequency in the number of warm 

nights for the Solomon Islands increased by +0.8 nights/decade with station rates 

ranging from +0.4 to +1.8 nights/decade. On the other hand, the average frequency in 

the number of cool days for the Solomon Islands decreased by 0.4 days/decade with 

station rates ranging from -0.1 to -0.6 days/decade. The average frequency in the 

number of cool nights for the Solomon Islands decreased by 1.4 nights/decade with 

station rates ranging from -0.3 to -2.5 nights/decade. 

  

The maximum temperatures were strongly impacted by El Niño-Southern Oscillation 

(ENSO) during the dry season, with Munda more strongly impacted than other stations. 

The minimum temperatures were more weakly impacted by ENSO than the maximum 

temperatures during the dry season. The minimum temperatures during the respective 

wet seasons at Taro and Lata were significantly influenced by cross-equatorial and mid-

latitude convective regimes during the El Niño events.  

Rainfall at all the stations was highly variable; hence, the rainfall trends were less 

spatially coherent than those of temperature. The annual total rainfall generally lack 

clear trends at most sites ranging between -1.7 and +1.7%/decade, except for the Auki 

station (-3.9%/decade; p=0.003). Likewise, the seasonal rainfall trends for the stations 

vary depending on their locations. Only the increased trend at Lata during the Nov-Apr 

period was significant (110mm/decade; p=0.049), owing to its location within the active 

zone of the South Pacific Convergence Zone (SPCZ). 
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Nov-Apr and May-Oct periods are the wet and dry season respectively in the Solomon 

Islands. This is the conventional description used in many reports on the rainfall season 

of the Solomon Islands. This study has found that Taro station rainfall records showed 

the opposite seasonal distribution, whereby Nov-Apr is the dry season and May-Oct is 

the wet season. Examination of rainfall data from a privately-owned Atomatic Weather 

Station (AWS) in south-east Choiseul also revealed similar rainfall distribution. This 

could mean that the whole island of Choiseul may experience a different seasonal 

rainfall distribution relative to other parts of the country, since rainfall data at opposite 

ends of the island (Taro on northwest and Siruka on southeast) supported this 

conclusion. 

An iconic July rainfall peak was noted in this study in Taro and Munda. It is attributed 

to the stronger influence of the Intertropical Convergence Zone (ITCZ) during the June-

August period at these northwestern stations than over other stations. Honiara, 

Henderson, Auki, Kirakira and Lata on the other hand are influenced by the SPCZ and 

WPM during the wet season (Nov-Apr).  

Unlike the temperatures, rainfalls were strongly impacted by ENSO during the wet 

season. Lata was more strongly impacted by ENSO during the wet season than all other 

stations due to the impact of ENSO on the mean position of SPCZ (Folland et al.

2002b), which more strongly influenced Lata’s rainfall than all other stations in the 

Solomon Islands. 

Just like the average annual rainfall trends, the frequencies of extreme rainfalls showed 

no clear trends at most stations except at Auki (+0.5 heavy rainfall/decade, p=0.014) 

between 1981 and 2010. The central region (Auki, Honiara and Henderson) tends to 

have the least occurrences of heavy rainfalls compared to the outlying parts (Taro, 

Munda and Lata) of the country, with Lata in the southeastern most end displaying the 

highest frequency (117 events � 100mm) of heavy rainfalls between 1981 and 2010. 

Being farthest to the southeast, Lata is in a region where the SPCZ is active year round 

(Australian Bureau of Meteorology & CSIRO 2011c). 
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The climate surrounding the stations was mainly orographic, which is more pronounced 

particularly for stations located on larger islands (e.g. Honiara). This means their 

climate is influenced by island topography and the prevailing winds (Trustrum et al.

1989). Furthermore, the location of the stations plays a pivotal role in modulating both 

temperature and rainfall variation which are influenced by the movement of the SPCZ, 

the ITCZ and the onset of the WPM and other intrusive troughs and high pressure 

systems, all of which may be modulated by the ENSO phenomenon.  In addition, this 

study observed that stations clustered together based on their climatological mean and 

standard deviation tend to be in the same geographical locations. This strongly suggests 

that their climates are driven by similar climatic influences. 

The intensity and frequency of both temperature and rainfall (including extremes) in the 

Solomon Islands in the future cannot be underestimated as some of the impacts such as 

severe droughts and flooding have already had been experienced at various isolated 

localities in the country. Future rainfall changes generated from the GCM-selected 

models by the PCCSP used in this study have quantified an increasing frequency in the 

return periods of heavy rainfalls over all the stations throughout the 21st century. 

It is evident from this study that some limitations may have influenced the robustness of 

climate analysis in the Solomon Islands. These include lack of long-term data; broad 

descriptions of the major climate features’ impact on country level from past regional 

studies; lack of complementary data such as wind, solar radiation, evaporation, 

humidity and cloud coverage; no systematic filtering method on minimizing the effects 

of local non-climatic factors from data, which also included the lack of long-term land-

use type data that could be used to quantify “heat island effect”. However, the direction 

and magnitude of the trends from this study can be reliable as they are consistent with 

already published conclusions. Hence, the results in this study may be considered as 

conclusive. 
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This is the first climate study done for the Solomon Islands that is inclusive of all the 

weather stations operated under the SIMS network. It is hoped that the results of this 

study will be used as a baseline to further enhance the knowledge of the Solomon 

Islands’ climate dynamics, and development of mitigation and adaptation plans for 

current and future climate change-related projects and activities in the Solomon Islands.  

Recommendations proposed by this study are as follows: 

1. Proper recording of data based on the WMO guidelines should be adhered to by the 

national meteorological staff, particularly the equipment readers and database 

officers. If possible, a national data recording guideline adopted from the WMO 

framework must be published into a hardcover handbook. The procedures 

contained in the national guideline must be mainstreamed into the whole 

meteorological operations from field recording to digitalization of both field and 

central database. Then a monitoring and evaluation (M&E) mechanism based on 

the national guideline, which outlines detailed procedures, should be in place 

accordingly. The M&E exercise when occasionally carried will also facilitate the 

correction of error(s) pertaining to both the field and central database, such as the 

appropriate use of symbols etc. Furthermore, the M&E exercise should facilitate 

database-updating and that must also enable the establishment of a supplementary 

database whereby other metadata information (history of data) should be 

documented; such as, the reason(s) why certain date(s) have missing data. As a 

result, it is assumed that the field officers will be kept abreast of their roles and that 

all missing data will be accounted for in a formal record. 

2. Exploring the possibility of using regression modeling (e.g. Rainfall~�o

+�1temperature+�2x2…..�) for filling missing data for the Solomon Islands’ 

climatological data, and or the use of Reference station technique to fill missing 

data based on comparable mean and standard deviation by the Ward’s method. 
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3. Most climate studies in the South Pacific have all been done on stations deemed as 

having high quality data, particularly those with less than 20% yearly missing 

datasets, hence, leaving out many sites. As such, there should be a comparative 

study at regional scale of the sites with sparse climate data so that a better 

understanding of the appropriate methodologies and procedures could be proposed 

for adoption in such case(s). 

4. Longer-term data in all the sites in the Solomon Islands will be required for further 

understanding of the climate variability both at site and country scale. In addition, 

other climate parameters including wind, radiation, evaporation, humidity and 

cloud coverage should not be treated secondarily to temperature and rainfall data 

collection. Long term records of these “secondary” parameters would complement 

and affirm results of the overall climate analysis.

5. More comprehensive studies on the influence of WPM, ITCZ, SPCZ and other 

convective regimes in the Solomon Islands to avoid broad speculation, and would 

ascertain detailed roles of the major climate features throughout the country. 

6. A climatological study on the influence of island topography on the climate of the 

Solomon Islands may shed some light to the climate dynamics at microclimate 

scale. 

7. Aligned with recommendation 6 is the need for a risk assessment particularly to 

gauge the relation between the more frequent extreme events and their impacts on 

the island communities of the Solomon Islands. 
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APPENDICES

APPENDIX I: HISTORY OF DATA

1.1 DATA RECORDING DISCREPANCIES ENCOUNTERED

Inconsistency in the data recording procedures and human error committed upon data 

entry along various stages from the observing sites to the SIMS forecasting office where 

the data are aggregated, analyzed and interpreted were observed from the datasets of the 

weather stations and described as follows: 

1.1.1 TEMPERATURE DATA ISSUES

Symbolic problem. There are two types of symbolic issues encountered in the 

temperature datasets recorded in the excel spreadsheet. Firstly, there is more than one 

symbol used to represent the same element. That is, five symbols as follows; u/s, n/a, 

m, -, 99, blank space, were used to indicate “missing values”. The u/s may have meant 

unsupplied data, n/a may have meant not available, m for missing data, and the dash “-” 

was also used in some instances. There was only one case where the outlier value of 99 

was used to represent missing data as displayed in the Auki maximum temperature 

record on 20th September 1988.  Whilst others did not display any of the symbols 

aforementioned but have blank cells to indicate missing data or otherwise mistakenly 

left blank by the data entry staff.  

However, for data verification purposes the blank cells were cross-checked with the 

SIMS data officers for confirmation of missing data. In response to the query sent to 

SIMS, the SIMS data officers upon rechecking their records have either issued the 

missing values, which were then filled in the blank or confirmed that the blank spaces 

were indeed missing. When the blank spaces were confirmed to be missing then the 

blank spaces were marked with an “m” to symbolize missing value. Changing all the 

above symbols to “m” fulfills two purposes. Firstly, for consistency sakes, and 

secondly, for the ease of quantifying the distribution of missing data, especially when 

working with specific formulas in the excel worksheet. Note that the missing 
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temperature data were filled using the reference station technique as described in the 

relevant section below. 

Secondly, the same symbol (-) was used interchangeably to represent two differing 

events. That is, the dash (-) mark used to represent missing value and in some instances 

were also used after the 30th day of the 30-day months (Feb, Apr, Jun, Sep, and Nov) to 

indicate the end of the month and not to mean missing days.  

Misplacement problem. This is when the file of a maximum temperature dataset is 

wrongly included into the folder of the minimum temperature dataset or vice versa. If 

unaware, analysis including such misplacement could bring false outcome of the 

particular set. An example, Munda’s maximum temperature data of 2011 was misplaced 

into the minimum temperature dataset. In rectifying this problem, the concerned file 

was removed from the minimum temperature dataset of Munda. 

Extra-day problem. This was when a 30-day month was erroneously given an extra-

day value, as that of a 31-day month. In such case the extra value (i.e. 31st value) was 

simply removed for correctness.  

Wrong year-heading. This was when a year-heading was labeled wrongly with a 

different year. A single case was found in Kirakira’s 1991 minimum temperature file 

named “Kiradlymn91”, however, the year heading in the spreadsheet was labeled as 

year “1990” instead of the rightful year 1991. 

Wrong extreme value. This was when extreme values recorded was absent in the 

actual dataset. For example, the lowest maximum temperature recorded for Auki on 

November 2000 was 23.9°C but on investigation there was no such value found in that 

particular raw dataset. The lowest maximum temperature recorded for this period was 

26.7°C on 26th November 2000 and not 23.9°C. 
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1.1.2 RAINFALL DATA ISSUES

Blank cell.  When a datatset contained bank cells, it was difficult to distinguish missing 

values from a lack of rainfall. Unlike temperature readings that were taken daily, rain do 

not necessarily fall everyday, hence, a blank in the rainfall records could be tricky. For 

all weather station records, a lack of rainfall was clearly indicated as 0.0mm.  The blank 

cells were assumed to be missing rainfall values by this study, and were replaced with 

“m” for consistency in the records. 

Text symbol replacing numeric absolute value. As of 1993 the daily rainfalls with 

values less than 0.1mm were represented in the datasets as “tr”, trace, instead of real 

time absolute values. This indicates a tendency by instrument observers to ignore small 

rainfall amounts (Lavery et al. 1992). 

The inconsistencies in data recording and management highlighted above may have 

been due in part to the high staff-turnovers at the respective weather stations.  Different 

officers may have tended to do things differently to suit their own interpretation 

resulting in the non-uniformity in records. In addition, the data quality indicates an 

ineffective and or absence of a national recording and archiving guideline which should 

set the standard requirement of recording. If a national guideline exists, the problem 

may be lack of enforcement and or proper training for observers and recorders on 

proper recording procedures and data management. 
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1.2 QUANTIFICATION OF MISSING DATA

An overall view of the frequency distribution of missing temperature and rainfall data, 

are highlighted for each station below to highlight the significance of effective and 

efficient data collection, archiving and management in the Solomon Islands. In addition, 

the visual representation of missing data in graphical forms helps in the identification of 

common data-years available for the purpose of reference-station technique used to fill-

in missing temperature data. A reference station should satisfy two criteria: It should 

have at least a decade of the common-and-available data years within its temperature 

dataset in reference to the candidate station. It should have a complete (incl. filled-

values) data of the daily period(s) that is otherwise, missing in the candidate station. A 

reference station may not necessarily be the closest neighboring station. A candidate 

station refers to a station with missing temperature data and requires filling. A 

quantified summary of the estimated missing temperature and rainfall data for the 

weather stations are shown in Table_Apx 1.2-1 and  Table_Apx 1.2-2 below. 
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1.2.1.2 Taro-Munda Reference Station (Temperature filling) 
Most available data period (Taro): 1976-1994 
Most missing data period (Taro): 1996-2006 
Most available data period (Munda): 1962-2008. Munda data was considered fairly 
complete except for 2001 (Tmin) and 2010 (Tmax). 

The years 1976-1994 could be the common available data years between Taro 
(candidate station) and Munda (reference station). Then, their respective monthly 
averages are established from the common data years. Each monthly average was 
compared and their respective differences are calculated. These monthly differences are 
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then used to add to or subtract from the daily available temperature values of the 
reference station (Munda), to fill in the missing corresponding daily temperature values 
of the candidate station (Taro). 

1.2.2 MUNDA STATION

1.2.2.1 Missing data 
Of the total of 18,250 estimated expected numbers of observations from 1962 to 2011, 
~1% was missing from the Tmin dataset, ~3% from the Tmax dataset and 0% from the 
rainfall dataset (Table_Apx 1.2-2). Missing values on monthly basis are also portrayed 
in Table_Apx 1.2-1. 2009 was the year with highest incidences of missing temperature 
data per year in Munda, at about 85% (Figure_Apx 1.2-2b).  

The minimum temperature (Tmin) dataset of Munda shows missing records as of 1965 
with relatively less daily missing data ranging from almost 0% (1 day missing per year) 
to ~17% in 2001 (Figure_Apx 1.2-2a).  Likewise, the maximum temperature (Tmax) 
records show almost the same as above, however, with 2009 saturated with ~85% 
missing daily data (Figure_Apx 1.2-2b).

Missing daily rainfall records for Munda has been minimal between the years 1965 to 
2009 ranging from almost 0% (1 day missing per year) to ~1%, five days missing in 
2002 (Figure_Apx 1.2-2c). 
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1.2.3 HONIARA STATION

1.2.3.1 Missing data 
Of the total of 22,280 per minimum and maximum expected temperature observations 
from 1951 to 2011 about 23% was missing from the Tmin dataset and 24% from the 
Tmax dataset (Table_Apx 1.2-2).  For the 21,184 expected rainfall observations from 
1954 to 2011 about 10% was missing from the rainfall dataset (Table_Apx 1.2-1). 
Missing values on monthly basis are also portrayed in Table_Apx 1.2-1. 1975 to 1987 
were the 12-years with the highest incidences of missing temperature data per year at 
Honiara station (Figure_Apx 1.2-3a, b).  

There were 100% missing periods for twelve consecutive years from 1975 to 1986 for 
both minimum (Tmin) and maximum (Tmax) temperatures for Honiara Station 
(Figure_Apx 1.2-3 a, b). This period alone accounts for more than 80% (4,380) of 
missing temperature values over sixty years (1951-2011).  For the minimum daily 
temperature the other years that have marked absence of data included; 1952 (26%), 
1974 (~27%), 2000 (~27%), 2001 (~20%) and 2003 (~44%) (Figure_Apx 1.2-3a). 
Almost a perfect reflection of the missing minimum temperature pattern was also 
displayed by the maximum temperatures as follows; 1952 (~26%), 1974 (~27%), 2000 
(~39%), 2001 (~27%), 2003 (49%), 2004 (~21%) and 2007 (29%) (Figure_Apx 1.2-3b).  

There were four consecutive years (1975 to 1978) of 100% missing rainfall data that 
accounts for about 70% (1460) of missing rainfall values over fifty eifgt years (1954-
2011) (Figure_Apx 1.2-3c). Other notable years with more than 20% missing rainfall 
values were as follows; 1974 (25.2%), 1979 (58.1%), and 2003 (41.9%), whilst years 
2000 and 2001 had about 17% missing values.  
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1.2.3.2 Honiara-Henderson Reference (Temperature filling) 
Most available data period (Honiara): 1951-1973 and 1988-1999  
Most missing data period (Honiara): 1974-1987 and 2000-2007  
Most available data period (Henderson): Henderson data could be considered fairly 
complete since it had less than 10% annual missing values in any given year. 

Same process as discussed above (Taro-Munda reference) is carried out.  
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1.2.4 HENDERSON STATION

1.2.4.1 Missing data 
Of the total of 13,870 estimated expected numbers of observations from 1975 to 2011, 
1% was missing from the Tmin dataset, 1.1% from the Tmax dataset and 0.2% from the 
rainfall dataset (Table_Apx 1.2-2). Missing values on monthly basis are also portrayed 
in Table_Apx 1.2-1. 1991 and 2000 were the years with the most incidences of missing 
data per year in Henderson (Figure_Apx 1.2-4a-c).  

Missing minimum temperature data is encountered from 1984 at almost 0% (1 day 
missing per year) to ~9% (32 days) missing in 2000 (Figure_Apx 1.2-4a). The same 
was observed for the maximum temperature (Tmax), however, with 9.6% (37 days) 
missing in 2000 (Figure_Apx 1.2-4b). The rainfall records showed 8.5% missing days 
which was attributed to the missing month of May (31 days) in 2000 and 0.5% (2 days) 
missing in 2003 (Figure_Apx 1.2-4c). 
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1.2.5 AUKI STATION

1.2.5.1 Missing data 
Of the total of 18,262 expected temperature and rainfall observations from 1962 to 
2011, about 2% was missing from the Tmin dataset, ~6% from the Tmax dataset and 
~1% from the rainfall dataset (Table_Apx 1.2-2). Missing values on monthly basis are 
also portrayed in Table_Apx 1.2-2. 1990 to 2004 encompassed the years with the high 
incidences of missing maximum temperature data per year at Auki station (Figure_Apx 
1.2-5b).  

The missing data for the minimum temperature records (Tmin) were encountered as 
from 1967 right up to 2011 with a couple of notable years with more than 20% missing 
in 1971 (~26%) and 2000 (~21%) (Figure_Apx 1.2-5a). The maximum temperature 
(Tmax) records for Auki are more saturated with missing data than the minimum 
temperature, with gaps encountered a year earlier in 1966 (~3%) (Figure_Apx 1.2-5b). 
The years 1997 to 2003 were most afflicted with missing data as follows; 1997 (41%), 
2001 (~55%), 2002 (~86%) and 2003 (~46%) (Figure_Apx 1.2-5b).  

The gaps for rainfall data occurred in 1984 and then in 1994 but occured yearly between 
2001 through 2004, with 2001 recording the highest occurrence with 17% missing. 
2009 recorded a 0.6% missing  (Figure_Apx 1.2-5c). 
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1.2.5.2 Auki-Honiara Reference (Temperature filling) 
Most available data period (Auki): 1951-1973 and 1988-1999  
Most missing data period (Auki): 1971 and 2000 (Tmin), and 1997, 2001, 2002, and 
2003 (Tmax).  
Most available data period (Honiara-Ref St): The previously filled Honiara data was 
used as reference to fill the missing temperature values at Auki. Same process as 
discussed above (Taro-Munda reference) is carried out.  
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1.2.6 LATA STATION

1.2.6.1 Missing data 
Of the total of 14,975 expected temperature and rainfall observations from 1971 to 
2011, about 10% was missing from the Tmin and Tmax datasets respectively and about 
1% from the rainfall dataset (Table_Apx 1.2-2). Missing values on monthly basis are 
also portrayed in Table_Apx 1.2-1. 2001 to 2004 encompassed the years with the high 
incidences of missing temperature data per year in Lata (Figure_Apx 1.2-6a, b).  

For the minimum daily temperatures gaps formed by missing data are spread throughout 
the years 1983 to 2011 ranging from as small as low as almost 0% (1 day missing per 
year) to as high as 100% (365 days missing per year) (Figure_Apx 1.2-6a). The notable 
gaps were as follows; 1983 (14%), 1993 (~12%), 2000 (~17%), 2001 (100%), 2002 
(100%), 2003 (100%), 2004 (~30%), and 2011 (~10%) (Figure_Apx 1.2-6a). Likewise, 
for the maximum daily temperatures gaps were as follows; 1993 (~12%), 2000 (~24%), 
2001 (~86%), 2002 (100%), 2003 (100%), 2004 (~45%), and 2011 (~10%), and years 
with gaps less than 10% (~36 days missing per year) were also observed in the dataset 
as far as 1977 (Figure_Apx 1.2-6b).  

For the rainfall data, the notable years with missing data are, 2000 (~17%) and 
2011(~9%) (Figure_Apx 1.2-6c).  
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1.2.6.2 Lata-Auki Reference (Temperature filling) 
Most available data period (Lata): 1971-1999  
Most missing data period (Lata): 2000-2004  
Most available data period (Auki-Ref St): The previously filled Auki data was used as 
reference to fill the missing temperature values at Auki. Same process as discussed 
above (Taro-Munda reference) is carried out.  
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1.2.7 KIRAKIRA STATION

1.2.7.1 Missing data 
Of the total of 13,149 expected temperature observations (1965-2000) and 17,166 
expected rainfall observations (1965-2011), about 2% were missing from the Tmin and 
Tmax datasets respectively and 10% from the rainfall dataset (Table_Apx 1.2-2). 
Missing values on monthly basis are also portrayed in Table_Apx 1.2-1.  

Missing daily minimum temperatures were encountered from 1970 to 2000 ranging 
from almost 0% (1 day missing) to ~21% (~75 days missing in 1970) with another 
notable year, 1987 with ~14% missing data (Figure_Apx 1.2-7a). Records of the daily 
maximum temperatures showed two years with notable missing data as 1986 (~19%) 
and 1987 (~14%) (Figure_Apx 1.2-7a).  

Rainfall records of Kirakira showed extensive missingness in the periods 2000-2002 
and 2010-2011, with complete missing years in 2000 and 2002 (Figure_Apx 1.2-7c).  
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1.2.7.2 Kirakira-Lata Reference (Temperature filling) 
Most available data period (Kirakira): 1965-1984  
Most missing data period (Kirakira): 1970 and 1987 (Tmin), and 1986 and 1987 
(Tmax). 
Most available data period (Lata): The previously filled Lata data was used as reference 
to fill the missing temperature values at Kirakira. Same process as discussed above 
(Taro-Munda reference) is carried out.  
�
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2.3 RAINFALLS

Note: Highlighted values correspond to the highest monthly rainfall on record.  
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APPENDIX III: SUPPLEMENTARY STATION
�

2.4 SIRUKA (SOUTHEAST CHOISEUL ISLAND) 
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