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Figure 1.8.2 Record of carbon dioxide concentrations and average global temperature over the past 400 000 years . 
Sources: UNEP/GRID-Arendal (2006) and <http://monde-diplomatique .fr/cartes> from data in Petit et al . (1999) . Graphic 
design: Philippe Rekacewicz .
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temperature and rainfall, observations of crop growth 
made by villagers and scientists, and extrapolation 
from nearby locations, including Indonesia 
and Australia.

Temperature in PNG

Studies of temperature change in PNG have found 
that temperatures increased during the 20th 
century, with most of the increase occurring from 
about the mid 1970s. An important finding from 
an agricultural perspective was that the rate of 
temperature increase was greater for minimum than 
for maximum temperatures.

An analysis of temperature change from nine coastal 
locations found that minimum, mean and maximum 
air temperatures had increased by an average of 
0.2 °C per decade. The trends from three of these 
sites – at Port Moresby, Madang and Kavieng – are 
illustrated in Figures 1.8.4 and 1.8.5. The rate of 
temperature increase and the faster rise since the 
mid 1970s in PNG are similar to the global trends 
described earlier. Temperatures tended to be lowest 
in El Niño years and higher in La Niña years that 
followed. Only limited long-term temperature data 
runs are available for highland stations in PNG, but 
they show similar trends to the lowland stations. For 

example, at Aiyura in Eastern Highlands Province, 
maximum temperature increased by 0.75 °C 
(0.3 °C per decade) over the 25 years 1977–2001 
(although the daily minimum did not increase over 
this period).

Another clear indication that temperatures are 
increasing in the highlands comes from observations 
on the upper and lower altitudinal limits of crops 
(Figure 1.13.3). For example, between 1980 and 
1984, the author observed coconuts bearing up to 
an average altitude of 1000 m. Coconuts grew up 
to 1700–1800 m in the highlands, but did not bear 
nuts at those altitudes. Occasionally, they had very 
small nuts at altitudes as high as 1310 m. By the year 
2000, coconuts were bearing very small nuts at up 
to 1450 m altitude in at least three highland valleys. 
This suggests that temperatures in the highlands 
have increased by about 0.7 °C over 20 years, 
which is consistent with the changes in maximum 
temperature recorded at Aiyura.

Highland villagers also report that crops have 
been bearing at higher altitudes since around the 
mid 1990s. As well as coconut, they say that betel 
nut, mango and breadfruit are now bearing where 
the trees previously grew but did not bear. Such 
changes have been documented at a village at about 

Figure 1.8.3 Global mean sea level rise, 1883–2002 . Note: The tide gauge data spans 1883–2002 and the satellite 
altimetry data spans 1993–2004 . Source: Robert A . Rohde / <http://www .globalwarmingart .com/> .

1880 1900 1920 1940 1960 1980 2000
-5

0

5

10

15

20

25

30

Se
a 

le
ve

l c
ha

ng
e 

(c
m

) �ree-year tide gauge average

Satellite altimetry

Year



1.8 Climate change76

Figure 1.8.4 Temperature increases at Kavieng (1973–1999), Madang (1951–1999) and Port Moresby (1951–1999) . 
Note: Temperature deviation is the difference between the mean temperature for any one year from the long-
term average for the entire period . Temperature data for Kavieng for the years 1951–1972 was not available .
Source: Bourke et al . (2002) .
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1900 m altitude near Teptep on the Huon Peninsula. 
Villagers there believe that the climate has warmed 
in the decade prior to 1988. It had become possible 
to grow marita pandanus and a cultivated palm by 
the late 1980s. Previously, these crops could only be 
grown at lower altitudes. In addition, a bird species 
that was previously found only at lower altitudes had 
moved into higher altitude locations.

Rainfall in PNG

There is less evidence for changes in rainfall patterns 
in PNG over the past 30 years. The majority of rural 
rainfall recording stations in PNG ceased recording 
around 1980, leading to a loss of information about 
rainfall. An analysis of monthly rainfall patterns at 
Goroka in Eastern Highlands Province from 1946 
to 2002 found that there had been a shift to longer, 
but less pronounced, rainy seasons. Throughout 
the lowlands and highlands, villagers report similar 
changes in rainfall patterns. People say that seasonal 
rainfall patterns (see Section 1.5) have changed or 

are less predictable. They generally do not report an 
overall increase or decrease in rainfall. But because 
rainfall is already high at most locations in PNG, it 
is unlikely that villagers would notice an increase or 
decrease unless it was very large.

Sea level rise in PNG

There is much anecdotal evidence for rises in sea 
level in PNG. For example, a study of agriculture 
in Bougainville Province reported that villagers in 
many islands believed that the sea was eroding the 
coastline and that these changes had commenced 
some 30–40 years ago. In the Mortlock Islands, 
villagers were concerned about poor growth of their 
staple food, swamp taro, in some of the taro pits on 
the islands. They believed that sea water was invading 
the underground freshwater lens in which the swamp 
taro was growing and was responsible for the poor 
growth in some plots. A similar report was made by 
villagers on Ontong Java, north of Malaita Island in 
Solomon Islands. Other reports of encroachment by 

Figure 1.8.5 Temperature increases at Kavieng (1973–1999), Madang (1951–1999) and Port Moresby (1951–1999) 
(5-year running means) . Source: Bourke et al . (2002) .
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the sea in recent years come from the Murik Lakes 
in East Sepik Province, along the Wewak waterfront, 
some small islands in Manus Province, and along the 
coast in Gulf and Western provinces.

However, caution is advisable in attributing the 
changes in shorelines to sea level rise. The Duke 
of York Islands off the north-eastern coast of East 
New Britain Province are reported to be swamped 
by rising sea levels. In fact, these islands are sinking 
because of tectonic (volcano-related) activity. 
Tectonic movements can cause land to rise as well 
as fall and are the reason why land at nearby Rabaul 
is rising. Elsewhere, sea level rise is blamed for 
other causes of failure of food supply. People in the 
Carteret Islands in Bougainville Province suffer 
from chronic food shortages because of a very high 
population density (see Table 1.3.1) and shortage 
of land for food gardens. In late 2005, plans were 
made to move the islanders to Bougainville Island 
(they had previously been relocated in the early 
1980s, but returned to their islands some years later). 
Newspaper reports described the Carteret islanders 
as ‘some of the world’s first climate change refugees’. 
In fact, their problems are caused by the highest 
population density anywhere in PNG and having a 
mainly subsistence economy, rather than by rising 
sea levels.

In summary, there is much evidence from direct 
recordings, the bearing pattern of certain plants and 
villagers’ observations that average temperatures 
have increased in the lowlands and highlands of 
PNG, particularly since the mid 1970s. There are 
indications that the distribution of rainfall within the 
year has changed, if not the total rainfall. There are 
also indications that rises in sea level are having an 
impact on shorelines and growth of crops on atolls.

Implications for agriculture in PNG

Climatic change is already influencing agriculture in 
PNG but, in most cases, it remains difficult to predict 
what outcomes will be. This is because we do not 
know enough about probable changes in patterns of 
rainfall and rainfall extremes. Furthermore, agricul-
tural responses to climate change will be complex, 
and will depend on how people respond, as well as 

the responses of plants. For example, an increase in 
temperature might make coffee rust more severe in 
the highlands, but this impact could be reduced if 
the rainfall and humidity was reduced. Conversely, 
the impact could be greater if the rainfall increased 
as well as the temperature. This impact would be 
reduced if villagers adopted improved rust control 
techniques or rust resistant coffee varieties.

Temperature and agriculture

Increases in minimum and maximum temperature 
are already having a small influence on agricultural 
production and will have a greater influence in the 
future. Some tree crops are bearing at higher altitude 
in the highlands. Given the direct relationship 
between altitude and temperature in PNG (see 
Section 1.7), it is likely that many crops will be able 
to be grown at marginally higher altitudes in the 
future and so the areas where they can be grown will 
expand. However, the lower altitudinal limit of some 
crops, such as Irish potato, Arabica coffee and karuka 
(Pandanus julianettii and P. brosimos), will increase 
because of increasing temperatures (Figure 1.13.3).

Sweet potato is the most important food crop in 
PNG and provides almost two-thirds by weight of 
the staple food crops (see Figures 2.2.1 and 2.2.3). It 
is an important food in many lowland locations as 
well as throughout the highlands. Tuber formation in 
sweet potato is significantly reduced at temperatures 
above 34 °C. Maximum temperatures in the lowlands 
are now around 32 °C, so an increase of 2.0–4.5 °C 
within a hundred years could reduce sweet produc-
tion in lowland locations, perhaps within one or 
two generations.

Diurnal temperature ranges also have an important 
influence on productivity (see Section 1.13). In 
PNG, the diurnal temperature range is greater in the 
highlands than in the lowlands, and is one reason 
why crop yields are higher in the highlands. The 
IPCC reports that, for most of the planet, diurnal 
range decreased over the period 1950–2004. If this 
is also occurring in PNG, it will tend to reduce 
crop yields to an unknown extent. It is likely that 
overall temperature increases will marginally 
reduce productivity in the lowlands and in the 
main highland valleys, but will marginally increase 
productivity at locations above 2000 m.
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Increases in temperature may also change the 
incidence of some diseases, especially those influ-
enced by rainfall and humidity. Taro blight, caused 
by the fungus Phytophthora colocasiae, is less severe 
in PNG at a few hundred metres above sea level than 
at sea level, and is rarely found above an altitude 
of 1300 m. The fungus is sensitive to temperature 
and a small rise in temperature could mean that the 
fungus would reduce taro yield at higher altitudes 
than occurs now. Similarly, coffee rust is present 
in the main highland valleys at 1600–1800 m, but 
does little damage there. It is a problem for coffee 
production at lower altitudes, below about 1200 m. 
So again, a rise in temperature is likely to increase 
the altitude at which coffee rust has a severe impact 
on coffee production.

Changes associated with El Niño Southern 
Oscillation (ENSO) events are not known. If ENSO 
events occur more often as models predict, more 
frosts will result at high-altitude locations (above 
2200 m) (see Section 1.6). This will have an adverse 
impact on agricultural production.

Rainfall and agriculture

The IPCC prediction is for higher rainfall in the 
South Pacific, including PNG. Rainfall patterns in 
PNG are complex (see Section 1.5) and it is likely 
that any changes in rainfall patterns will also be 
complex and so difficult to predict.

With a few exceptions, most places in PNG receive 
high annual rainfall. In the lower-rainfall areas, an 
increase in rainfall and reduced seasonality of distri-
bution would be beneficial for agriculture. However, 
for most of PNG, an increase in total rainfall and 
a less seasonal distribution would have a negative 
impact on agriculture. The most vulnerable locations 
are those where rainfall is already over 3500 mm 
per year.

If ENSO events become more common, more 
droughts could result as well as more episodes of 
very high rainfall. However, the likely changes in 
the pattern of ENSO events are not well understood. 
Another outcome of increased rainfall would be 
greater cloudiness and less bright sunshine. If 
that was to occur, it would probably reduce crop 
productivity, especially where cloud cover is already 
very high (see Section 1.7).

Sea level rise and agriculture

There are indications that rising sea levels are 
already having a minor negative impact on very 
small islands and other coastal locations because 
of coastal erosion. Rising sea water is also possibly 
contaminating the freshwater lens on atolls where 
swamp taro is grown. Rising sea levels do not 
necessarily cause very small islands to be covered by 
sea water: coral reefs respond to rising sea level by 
growing upwards, and the extra coral sand may cause 
the islands to rise. Nevertheless, it is quite possible 
that a rapid rise in sea levels will cause major 
problems for villagers living on very small islands 
and in other low-lying coastal locations, such as in 
the Gulf of Papua.

In the Pacific, attention has focused on small island 
states such as Tuvalu. However, there are about 
100 000 people in PNG living on what have been 
defined as ‘Small Islands in Peril’. These are about 
140 islands smaller than 100 km2 in size and with 
population densities greater than 100 persons/km2. 
It is these people who are likely to suffer the most 
severe consequences of rising sea levels.

Other implications

There are implications from climate change in PNG 
that are not considered here. These include human 
health, especially malaria incidence in the highlands, 
water supply, fish availability, and health of coral 
reefs and other marine ecosystems.

Climate change is going to alter the global economy 
in coming decades and some of these changes 
are likely to impact, positively and negatively, on 
PNG. Such changes could include a reduction in 
availability of fossil fuels; a greater demand for bio-
fuels from oil crops such as oil palm and coconut; 
increased demand for hydro-electricity (which is 
potentially abundant in PNG) for industrial uses; and 
carbon trading whereby companies pay for trees to 
be planted on a large scale to absorb carbon dioxide. 
Some of these changes present economic opportuni-
ties that could be beneficial for PNG.

It is known that a higher level of carbon dioxide in 
the atmosphere results in increased photosynthesis 
and decreased evaporation and transpiration. 
This is a positive for crop production. Given that 
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atmospheric carbon dioxide is at record levels and 
is forecast to keep increasing, plant productivity is 
likely to increase. However, possible benefits are 
likely to be offset by decreases in productivity caused 
by higher temperatures and altered rainfall patterns.
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There are five major soil-forming factors: climate, 
vegetation, slope, parent material and time. Changes 
in the combination of these factors can result in 
soils varying over relatively short distances. Soils 
are also significantly influenced by human activities, 
for example, by tillage, composting, mounding or 
erosion caused by cultivation on steep slopes. As a 
result, it is difficult to generalise about soils and their 
properties in PNG.

PNG soils are relatively young, particularly in areas 
where sedimentation is occurring or volcanoes 
are depositing ash. These young soils have a fair 
potential for agricultural production because they 
can provide adequate amounts of water and nutrients 
to plants.

Soil classification in PNG

Knowledge on the distribution of soils and their 
abilities to support plant growth is essential for 
managing agricultural production. In PNG, most 
villagers have names for their soils and they are 
knowledgeable about soil properties. In textbooks 
and publications on soils in PNG, the Soil 
Taxonomy classification system of the United States 
Department of Agriculture (USDA) is used. USDA 
Soil Taxonomy uses measurable properties of a soil, 
including soil depth; colour; texture (e.g. sand, sandy 
loam, loam, clay); structure (e.g. blocky, granular, 
crumb, columnar); consistency (e.g. sticky, porous); 

soil water balance (see Section 1.5); and soil chemical 
properties such as pH (a measure of acidity) and the 
ability to retain nutrients. These properties are used 
to group soils into classes. A full classification under 
the USDA Soil Taxonomy requires chemical and 
physical analyses.

PNG uses the USDA Soil Taxonomy because it is 
closely linked to the development of the Papua New 
Guinea Resource Information System (PNGRIS; 
for further information see Section 1.15). An inter-
nationally recognised soil classification system has 
advantages when exchanging information; however, 
some problems occur when USDA Soil Taxonomy 
is used to classify PNG soils. USDA Soil Taxonomy 
relies heavily on laboratory analysis, which is 
expensive. Many of the previous analyses of PNG 
soils do not have sufficient analytical data to allow a 
full USDA Soil Taxonomy classification. In addition, 
soil moisture and soil temperature information is 
needed in USDA Soil Taxonomy, but only limited 
data are available for PNG soils.

Information on the soils of PNG is available in 
PNGRIS. The information in PNGRIS covers the 
whole of PNG. It was created by using information 
from soil surveys in particular places and predicting 
the soil types that will occur in the PNGRIS resource 
mapping units (RMUs) by using the associations 
that occurred in the soil surveys between parent 
material, rainfall, inundation and slope. (See Section 
1.15 for a definition of an RMU.) PNGRIS lists three 
possible soil types in each RMU, depending on the 
relative area of each soil. PNGRIS cannot be used to 

1.9 Soils
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produce detailed soil maps and should not be used 
above a scale of 1:500 000. The map in this section is 
based on only the first-listed soil in PNGRIS RMUs1 
(Figure 1.9.1).

In USDA Soil Taxonomy, the highest level is soil 
order. The following soil orders occur in PNG:

Entisols �  – very young soils, with little or no 
profile. These soils occur mainly on recent 
alluvium or on steep slopes where soil erosion 
takes place.

Histosols �  – soils that contain very high levels of 
organic matter (peat soils). These soils are mostly 
dark brown to black in colour, and occur in 
swampy areas. They are saturated with water for 
much of the year.

Inceptisols �  – moderately weathered soils, with 
no strongly contrasting horizons. They include 
soils derived from volcanic ash.

Andisols �  – volcanic ash soils. These soils are 
very important in PNG. They do not appear in 
PNGRIS, where they are classed with Inceptisols. 
In Tables A1.9.1 and A1.9.2 and Figures 1.9.2 
and 1.9.3 they are included with the Inceptisols. 
However, in Figure 1.9.1 a class called Andisols has 
been created by mapping from PNGRIS soils that 
are derived from lightly weathered volcanic ash.

Vertisols �  – soils with high clay content that are 
sticky when wet and very hard when dry. These 
soils swell when wet and crack when dry and are 
generally of high fertility. They are not common 
in PNG.

1 In PNGRIS, soils information is mapped into mapping 
units that are defined by attributes other than 
soils (landform, rock type, altitude, relief, rainfall, 
inundation, province). This means that more than one 
soil can occur in an RMU. PNGRIS deals with this by 
allowing each RMU to have up to three soils. Soils that 
cover less than 20% of an RMU are not listed. If only 
one soil is listed it covers around 80% of the RMU area. 
If two soils are listed, the first covers 40%–60% of the 
RMU and the second 20%–40%. If three soils are listed, 
the first covers 30%–50% of the RMU area and the 
second and third 20%–40%. The information presented 
in this section is based on only the first soil listed. Thus 
the figures presented in Tables A1.9.1 and A1.9.2 are 
approximations.

Mollisols �  – soils in which there is accumulation 
and decomposition of organic matter. These 
soils generally have a high base (e.g. calcium, 
magnesium) content.

Alfisols �  – moderately weathered soils that have 
an argillic horizon (a soil layer with higher clay 
content due to movement of clay from the top to 
lower layers). These soils are usually highly fertile.

Ultisols �  – strongly weathered and acid soils with 
an argillic horizon. These soils have a low base 
saturation and are usually relatively infertile.

Oxisols �  – very strongly weathered soils, with low 
fertility. These soils occur on old land surfaces 
and are not common in PNG.

The distribution of soils in PNG

The most common soils in PNG are Inceptisols (with 
Andisols), which are found over almost half of the 
total land area (Figures 1.9.1, 1.9.2, Table A1.9.1). 
Inceptisols cover more than 80% of the land area of 
Western Highlands, Simbu, Eastern Highlands and 
West New Britain provinces. Inceptisols are least 
common in Western, East Sepik and Gulf provinces.

The next most common soils are Entisols. These 
young soils cover more than a quarter of the total 
land area, reflecting the high geological activity that 
occurs in PNG. Entisols are common soils in East 
Sepik, Gulf, Morobe, Central, Western, Oro, Sandaun 
and Madang provinces.

Ultisols (strongly weathered soils) cover approxi-
mately 14% of the land area of PNG, and occur 
mainly in Western Province, where they occupy 
more than half of that province. Alfisols are common 
in New Ireland where they cover over a quarter of 
the land area. Mollisols are most prevalent in East 
New Britain, where they occur on a third of the 
land area.
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Figure 1.9.1 Distribution of USDA Soil Taxonomy soil orders . Note: The areas covered by Vertisols and Oxisols are too 
small to be shown on the map (see Table A1 .9 .1) . Source: PNGRIS .
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Figure 1.9.3 Distribution of USDA Soil Taxonomy soil orders by rural population and province . 
Sources: NSO (2002); PNGRIS .
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Figure 1.9.2 Distribution of USDA Soil Taxonomy soil orders by land area and province . Source: PNGRIS .
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People and soils

This section discusses the numbers of people who 
live on the soil orders described above. As the distri-
bution of soils is complex, the information presented 
here can be used only as a general indication of the 
importance of particular soils to the wellbeing of 
people in PNG. Landform, climate and other factors 
also help to determine the distribution of people (see 
Sections 1.10, 1.11 and 1.12).

Almost 2.5 million people (59%) of PNG’s rural 
population live on Inceptisols (Figure 1.9.3, Table 
A1.9.2). Inceptisols (with Andisols) support more 
than 80% of the populations of Simbu, West New 
Britain, Western Highlands and Enga provinces. 
Entisols support 20% of the population and are most 
important in Central Province, where 78% of the 
provincial population use these soils. Alfisols and 
Mollisols together support a further 16% of the rural 
population. Alfisols are important in New Ireland 
Province and Mollisols are important in Manus 
Province. Around 32% of the population in Western 
Province, and 17% of the population in Eastern 
Highlands Province, cultivate Ultisols. Although 
Ultisols are usually relatively infertile, those in 
Eastern Highlands are well-drained, humus-rich, 
reddish Ultisols that occur mostly on old stable 
surfaces. These Ultisols have few available minerals 
but are able to support a large population (66 500 
people on 226 km2) because of their structure and 
the practice of intensive tillage.

Soil nutrients

The availability of nutrients for plants depends on 
several factors. Low levels of nutrients in the soil may 
be caused by low amounts of nutrients in the parent 
material from which the soil is derived. The nutrients 
may also become chemically fixed in the soil and 
so not available to plants. Nutrient imbalances (for 
example, high calcium, low potassium) in the soil 
may have a similar effect. High rainfall can leach 

nutrients from the soil. Low nutrient levels may 
also result from cultivation, when agricultural crops 
remove nutrients which are then not replaced by 
humans or by natural processes.

Soil nutrients that plants require in relatively 
large amounts are nitrogen (N), phosphorus 
(P), potassium (K), calcium (Ca), magnesium 
(Mg) and sulfur (S). A number of other elements 
required in very small amounts by plants are called 
micronutrients, and include boron, zinc, manganese, 
iron and copper. Nutrient deficiencies affect crop 
production in PNG. This problem is likely to worsen 
in the future as population increases and land is used 
more intensively.

Soil nitrogen availability is determined in part by 
the length and type of fallow (see Section 3.8), the 
introduction of organic matter (plant materials) into 
the soil (see Sections 3.10 and 3.11), and climate 
(rainfall and temperature) (see Sections 1.5 and 1.7). 
Most nitrogen in PNG soils is derived from organic 
matter. Soil nitrogen tends to be higher in highlands 
soils, where temperatures are cooler and organic 
matter decomposes more slowly.

In PNG soils the availability of phosphorus is also 
dependent mostly on the organic matter content. 
A small part comes from the weathering of parent 
material or secondary minerals. Phosphorus 
is usually found in combination with calcium, 
magnesium, iron and aluminium. Although 
relatively large amounts of total phosphorus may be 
present in the soil, little may be available to plants 
because it combines with other elements (iron and 
aluminium) and becomes insoluble, or ‘fixed’ in 
the soil. Phosphorus fixation is widespread in the 
volcanic ash soils that support large numbers of 
people in the highlands, and in Oro and Bougainville 
provinces (Table A1.9.2). Phosphorus fixation can 
also be severe in Ultisols and Oxisols.

The availability of soil potassium is related to rock 
type and the mineralogy and the stage of weathering 
of the soil. Potassium-deficient soils are usually 
highly weathered and leached with limited amounts 
of mineral reserves. Volcanic ash soils usually have 
high levels of potassium. Soils that develop on 
limestone and that have high levels of calcium and 
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magnesium may have a potassium deficiency because 
the calcium holds the potassium in the soil and 
makes it unavailable to plants. This is common, for 
example, in New Ireland Province.

Research on nutrient deficiencies of agricultural 
crops started in the 1950s, but little active research 
is being carried out now on soil nutrient deficiencies 
or on soil nutrient management strategies in PNG. 
Soil nutrient problems exist in parts of the country. 
Further intensification of land use will affect soil 
fertility, and nutrient deficiencies are therefore 
likely to increase, particularly in food crops where 
inorganic fertilisers are not being used.2 There is a 
need to monitor the development of nutrient defi-
ciencies as well as to properly identify them through 
trials and soil and foliar (leaf) analyses.

Sources

Bellamy, J.A. (1986). Papua New Guinea Inventory 
of Natural Resources, Population Distribution and 
Land Use Handbook. Natural Resources Series 
No. 6. Division of Water and Land Resources, 
Commonwealth Scientific and Industrial Research 
Organisation, Canberra.

Bleeker, P. (1983). Soils of Papua New Guinea. 
Commonwealth Scientific and Industrial Research 
Organisation and Australian National University 
Press, Canberra.

2 Organic fertilisers include animal manure, compost 
and mulch made from leaves (see Section 3.11). 
Inorganic fertilisers are usually manufactured, for 
example, urea, potassium chloride or mixed nitrogen, 
phosphate and potash fertiliser. Most organic fertiliser 
is not purchased in PNG, whereas most inorganic 
fertiliser is purchased. Most of the inorganic fertiliser 
used in PNG is applied to export tree crops or to 
commercial crops grown for the domestic market, such 
as sugar cane (see Section 5.19).

Bourke, R.M. (1983). Crop micronutrient deficiencies 
in Papua New Guinea. Technical Report 83/3. 
Department of Primary Industry, Kainantu.

Dearden, P.N., Freyne, D.F. and Humphreys, G.S. 
(1986). Soil and land resource surveys in Papua New 
Guinea. Soil Survey and Land Evaluation 6(2):43–50.

Hartemink, A.E. and Bourke, R.M. (2001). Nutrient 
deficiencies in export tree and food crops: literature 
review and field observations. In Bourke, R.M., 
Allen, M.G. and Salisbury, J.G. (eds). Food Security 
for Papua New Guinea. Proceedings of the Papua 
New Guinea Food and Nutrition 2000 Conference. 
ACIAR Proceedings No. 99. Australian Centre for 
International Agricultural Research, Canberra. 
pp. 316–327.

Humphreys, G.S. (1991). Soil maps of Papua 
New Guinea: a review. Science in New Guinea 
17(2):77–102.

NSO (National Statistical Office of Papua New Guinea) 
(2002). Papua New Guinea 2000 Census: Final 
Figures. National Statistical Office of Papua New 
Guinea, Port Moresby.

Wood, A.W. (1982). The soils of New Guinea. In 
Gressitt, J.L. (ed). Biogeography and Ecology of 
New Guinea. Monographiae Biologicae. Volume 42. 
Dr W. Junk Publishers, The Hague. pp. 73–83.
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Landforms

Landforms are the structural features of the 
landscape. Landforms have a direct relationship 
to relief and slope and, in turn, determine rates 
of erosion, runoff and whether land is flooded. 
Landforms influence agricultural land use.

The PNG landscape can be divided into five basic 
landforms (Figure 1.10.1):

Mountains and hills (not of volcanic origin). �

Landforms of volcanic origin (including volcanic  �

foot slopes and plains).

Plains and plateaus. �

Floodplains. �

Raised coral reefs and littoral areas (beach  �

ridges, tidal flats, mangrove swamps and other 
coastal features).

The following summary points can be made about 
these landforms in PNG:

Around half (52%) of the total land area of PNG  �

is mountains and hills; almost 19% is plains or 
plateaus; 18% is floodplains; and a considerably 
smaller proportion is volcanic landforms or 
raised coral reefs and littoral areas (Table 1.10.1, 
Table A1.10.1).

The provinces with the greatest proportion of  �

total land area comprising mountains and hills 
are Enga (91%), Eastern Highlands (90%), East 
New Britain (83%), Simbu (79%), Central (78%) 
and Morobe (77%).

Almost two-thirds (63%) of the land used  �

for agriculture in PNG (see Section 1.2) is 
on mountains and hills; 12% is on volcanic 
landforms; 11% is on plains and plateaus; and 
9% is on floodplains (Table 1.10.1, Figure 1.10.2, 
Table A1.10.2).

The provinces with the greatest proportion of  �

land used for agriculture on mountains and hills 
are Eastern Highlands (91% of land used for 
agriculture), Enga (90%), Simbu (86%), Madang 
(76%), Sandaun (76%), Morobe (76%) and 
Gulf (75%).

Volcanic landforms used for agriculture are most  �

important in Bougainville Province, where 61% 
of land used for agriculture is of volcanic origin. 
This is also a significant landform for agriculture 
in Oro (46%) and Southern Highlands 
provinces (32%).

Although 59% of the land used for agriculture  �

on plains and plateaus is in Western Province, 
much of this land is used at very low intensity 
(see Section 1.2).

Provinces where a high proportion of land  �

used for agriculture is floodplain are East Sepik 
(22%), Central (22%), Oro (16%), Gulf (16%) 
and Sandaun (14%).

1.10 Landforms and altitude
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Figure 1.10.1 The five basic landforms of the PNG landscape . Sources: McAlpine and Quigley (c . 1995); PNGRIS .
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Figure 1.10.2 Land area used for agriculture by landform and province . Sources: McAlpine and Quigley (c . 1995); PNGRIS .
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Coastal landforms used for agriculture are most  �

important in the Islands Region and in Milne 
Bay Province.

Approximately half of the population of PNG  �

live on mountains and hills; 17% live on volcanic 
landforms; 13% on plains and plateaus; and 9% 
on floodplains. Raised coral reefs and littoral 
areas – the landform that makes up the smallest 
area of PNG (only 4%) – support 11% of the 
population (Table 1.10.1, Figure 1.10.3, Table 
A1.10.3).

PNG landforms with the highest population  �

densities on land used for agriculture are raised 
coral reefs and littoral areas (70 persons/km2) 
(Table 1.10.1; see also Table 1.3.1). Population 
densities on volcanic landforms average 50 
persons/km2 and on plains and plateaus are 
around 40 persons/km2. Population densities are 
lowest on mountains and hills.

Altitude

In PNG, people live and practise agriculture from 
sea level to around 2800 m above sea level. Above 
2800 m, people maintain Pandanus orchards and 
hunt, but they do not cultivate land or maintain 
settlements. Because PNG is located close to the 
equator, there is little variation in temperature in 
most places from month to month during the year 
(see Table 1.13.1). However, average temperature 
declines with increasing height above sea level 
at a rate of 5 °C for every 1000 m of altitude (see 
Section 1.7), so altitude is an alternative measure for 
temperature in PNG.

Temperature is a critical determinant of plant 
growth (see Section 1.13). It also determines the 
survival range of some insect pests, for example, the 
Anopheles mosquito that transmits malaria. There 
is evidence that average temperatures are slowly 
increasing in PNG as a result of climate change (see 
Section 1.8).

Six altitude classes from PNGRIS, and the maximum 
and minimum temperatures associated with them, 
are used here:

Lowlands (sea level to 600 m), 32–30 °C to  �

23–19 °C.

Intermediate (600–1200 m), 30–27 °C to  �

19–16 °C.

Highlands (1200–1800 m), 27–23 °C to  �

16–12 °C.

High altitude (1800–2400 m), 23–19 °C to  �

12–9 °C.

Very high altitude (2400–2800 m), 19–16 °C to  �

9–7 °C.

Uninhabited (>2800 m), <16 °C to <7 °C. �

These altitude/temperature classes are used because 
of the crops that grow in them (see Figure 1.13.3). 
Some crops only grow well up to around 600 m, 
for example, Polynesian chestnut, pao nut and 
kangkong, so 600 m is a convenient place to separate 
‘lowlands’ from the ‘intermediate’ class. Many tree 
crops in PNG, such as coconut, betel nut, tulip and 
breadfruit, grow to about 1000–1200 m above sea 
level, so 1200 m is used to separate the intermediate 
class from the ‘highlands’. Many food and cash crops 
do not grow well above 1800–2000 m, so 1800 m is 
a convenient break between the highlands and ‘high 
altitude’ classes. Above 2800 m there is no permanent 
settlement or agriculture. This class is ‘uninhabited’.

The following summarise the main points about 
altitude and agriculture, and altitude and population 
in PNG:

Two-thirds of PNG’s total land area lies below  �

600 m altitude and falls into the lowlands 
environment. The intermediate altitude class 
is 15% of the total land area and the highlands 
altitude class 9%. Less than 10% of the total 
land area is above 1800 m and only 2.5% is 
above 2800 m (Table 1.10.2, Figure 1.10.4, Table 
A1.10.4). Above 2200 m, temperatures may fall 
below freezing on cloud-free nights (see Sections 
1.6 and 1.7). The highest point in PNG is Mt 
Wilhelm (4509 m), on the border of Western 
Highlands, Simbu and Madang provinces.

The greatest proportion of land used for  �

agriculture lies between sea level and 600 m 
(62%) (Figure 1.10.5, Table A1.10.5). The lowest 
proportion of land used for agriculture is in the 
very high altitude class, 2400–2800 m (1.4%).
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Figure 1.10.3 Total population (including urban and rural non-village populations) by landform and province .  
Sources: McAlpine and Quigley (c . 1995); NSO (2002); PNGRIS .

W
estern

G
ulf

Central and N
CD

M
ilne Bay

O
ro

Southern H
ighlands

Enga
W

estern H
ighlands

Sim
bu

Eastern H
ighlands

M
orobe

M
adang

East Sepik
Sandaun
M

anus
N

ew
 Ireland

East N
ew

 Britain
W

est N
ew

 Britain
Bougainville

Raised coral reefs
and littoral areas
Floodplains

Plains and plateaus

Volcanic landforms

Mountains and hills

Landform

0

100,000

200,000

300,000

400,000

500,000

600,000
To

ta
l p

op
ul

at
io

n

Figure 1.10.4 Altitude classes of the PNG landscape . Sources: McAlpine and Quigley (c . 1995); PNGRIS .
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Figure 1.10.6 Total population (including urban and rural non-village populations) by altitude class and province . 
Sources: McAlpine and Quigley (c . 1995); NSO (2002); PNGRIS .
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Figure 1.10.5 Land area used for agriculture by altitude class and province . 
Sources: McAlpine and Quigley (c . 1995); PNGRIS .
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Only in the Highlands Region is agriculture  �

significant above 2400 m, with Enga Province 
having the highest proportion of land used 
for agriculture in the 2400–2800 m altitude 
class (32%).

In the 1200–1800 m altitude class, the  �

proportion of land used for agriculture, at 
43%, is greater than for any other altitude class 
(Table 1.10.2). This class includes all of the main 
highland valleys.

Half of all people in PNG live below 600 m and  �

42% live above 1200 m (Table 1.10.2).

There are two altitude classes where fewer people  �

live. These are 600–1200 m and 2400–2800 m. 
These areas are generally characterised by 
steep land, very high rainfall and high levels of 
cloud cover.

People live above 2400 m in eight provinces,  �

but only in Enga Province do a significant 
number (89 000) live in the very high altitude 
class (Figure 1.10.6, Table A1.10.6). Eastern 
Highlands is the only province in PNG in which 
no people are recorded living below 600 m.

A disproportionate number of people, in relation  �

to land area occupied, live between 1200 m and 
1800 m (where about 28% of the total population 
live on 9% of the total land area) and between 
1800 m and 2800 m (where about 14% of the 
total population occupy 7% of the total land 
area) (Table 1.10.2).

Population densities between 1200 m and 2800 m  �

are two to four times higher than in the lowlands 
and intermediate altitude classes.

Figure 1.10.7 Total population (including urban and rural non-village populations) by altitude range .  
Sources: NSO (2002); digital 1:250 000 topographic map; PNGRIS .
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The altitude data above was extracted from PNGRIS 
(see Section 1.15) where resource mapping units 
(RMUs) are allocated an altitude class and the 
census units (CUs) located in all the RMUs are 
summed by altitude class. Another means of deriving 
information about population and altitude is to use 
geographic information system software to join a 
digital map of CUs to a map of contour lines and to 
give the CUs the altitude of the nearest contour line.

An analysis of population distribution by this second 
method is illustrated in Figure 1.10.7 and Table 
A1.10.7. It shows the largest concentration of people, 
both rural and urban, is from sea level to 100 m 
altitude (35% of the total population). The other 
altitude zone where there is a high concentration of 
people is in the valleys and basins of the highlands 
over the altitude range of 1600–2000 m (24%). Note 
that these two techniques give a somewhat different 
picture of the distribution of the population by 
altitude class, especially in the highlands. However, 
the overall trends are the same using both methods.

Sources

Bellamy, J.A. and McAlpine, J.R. (1995). Papua New 
Guinea Inventory of Natural Resources, Population 
Distribution and Land Use Handbook. 2nd edition. 
PNGRIS Publication No. 6. Australian Agency for 
International Development, Canberra.

Löffler, E. (ed.) (1977). Geomorphology of Papua New 
Guinea. Commonwealth Scientific and Industrial 
Research Organisation and Australian National 
University Press, Canberra.

McAlpine, J. and Quigley, J. (c. 1995). Natural Resources, 
Land Use and Population Distribution of Papua New 
Guinea: Summary Statistics from PNGRIS. PNGRIS 
Report No. 7. Australian Agency for International 
Development, Canberra.

NSO (National Statistical Office of Papua New Guinea) 
(2002). Papua New Guinea 2000 Census: Final 
Figures. National Statistical Office of Papua New 
Guinea, Port Moresby.
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Agriculture involves the production, from plants 
and animals, of food and other products useful 
to people. Environmental conditions such as 
temperature, rainfall, rainfall seasonality, flooding, 
soil fertility, soil structure and slope all influence 
agricultural production. Different combinations of 
environmental conditions will favour or constrain 
production from particular plants and animals.

An understanding of environments and the oppor-
tunities and limitations they present to agriculture is 
important. If we know what combinations of envi-
ronmental conditions best suit particularly successful 
economic plants or agricultural practices, we can 
look for other places that might be suitable for the 
introduction of those plants or practices. Knowledge 
of environmental conditions can be used to assess 
where investment in agricultural research will give 
the greatest returns or will benefit the largest possible 
number of people.

A powerful way to examine agricultural environ-
ments is to produce a map of them (for example, 
Figure 1.11.1). What combinations of environmental 
conditions are included or excluded when a map 
of agricultural environments is drawn depends on 
the purpose for creating the map. The same basic 
information about the environment can be combined 
in many different ways for different purposes.

The construction of an agricultural environment 
map also depends on the availability and reliability of 
information about individual environmental condi-
tions. For example, rainfall data may be of a high 
quality, but information about soils poor. In such a 

case, it would be better not to use that soils informa-
tion, or to reduce its influence, in the creation of 
a map of agricultural environments. Temperature, 
rainfall and inundation are environmental attributes 
that are reasonably consistent over large areas. 
Characteristics like soil fertility, soil structure and 
slope often vary greatly over shorter distances and so 
are more difficult to use.

An agricultural environment map 
of PNG

In this section, three environmental conditions 
important for PNG agriculture are combined to 
create a map of agricultural environments (Figure 
1.11.1). This type of map is particularly suitable for 
research planning. The conditions are:

Altitude (as an alternative for temperature). �

Soil water deficit (the likelihood of drought,  �

based on a soil water balance from 54 PNG 
climate stations for a 15-year period).

Inundation (the degree of flooding). �

Information about these conditions is taken from the 
Papua New Guinea Resource Infor mation System 
(PNGRIS) (see Section 1.15).

1.11 Agricultural environments
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Altitude/temperature

Temperature has a significant influence on crop 
production. In PNG, temperature is most influenced 
by altitude (see Sections 1.7 and 1.10).

For the purpose of analysis here, the six altitude 
classes described in Section 1.10 have been reduced 
to the following four classes:

Lowlands (sea level to 600 m). �

Intermediate (600–1200 m). �

Highlands (1200–1800 m). �

High altitude (1800–2800 m). �

Soil water deficit/rainfall deficit

A lack of water in the soil can limit production of 
most common agricultural food plants. In PNG, too 
much water in the soil frequently limits agricultural 
production rather than not enough water. However, 
it is important to note that soils do dry out for a 
period of weeks in PNG. Dry periods occur in some 
places every year and in most places on average every 
10–15 years. A measure of when low soil moisture 
conditions limit plant growth is ‘soil water deficit’ 
(see Section 1.5).

The five patterns of soil water balance described in 
Section 1.5 have been collapsed into three classes for 
analysis here:

Strong soil water deficit (a regular and severe  �

soil water deficit – plant growth is limited by soil 
moisture conditions for 5–7 months every year).

Moderate soil water deficit (infrequent deficit  �

– plant growth is limited by soil moisture 
conditions for 2–4 months every year).

No soil water deficit (places where sufficient  �

rain falls in all months of the year in most years 
– plant growth is not limited by soil moisture 
conditions or is limited for only one month 
every year).

Note that these classes of soil water deficit (5–7 
months, 2–4 months and 0–1 dry month) are based 
on average rainfall, and actual soil moisture levels 
vary from year to year. Soil water deficits also 
vary with the type of soil, although this is less 
important than rainfall. The consequences of 
soil water deficits vary from crop to crop but, in 
general, they determine when crops grow during 
the year: the three classes correspond to growing 
periods of 5–7 months, 8–10 months and 11–12 
months respectively.

Nearly half of the country experiences moderate 
soil water deficit. However, 43% of the land has no 
significant deficit and only 8% has a strong deficit 
(Figures 1.11.2, 1.5.5). Strong water deficit occurs 
only in the lowlands. In the other three inhabited 
altitude classes, only ‘moderate soil water deficit’ or 
‘no soil water deficit’ occur (Table 1.11.1).

Inundation (flooding)

Inundation occurs when the soil surface is covered 
with water, or flooded. Flooding is a severe limitation 
to most forms of agriculture. Inundation is a reliable 
indicator of where most plants are unlikely to grow 
well. A notable exception is sago; inundated locations 
are often places where sago is an important food.

The nine classes of inundation described in PNGRIS 
are here collapsed into two classes:

No inundation (PNGRIS Class 0: land is never  �

flooded).

Inundation (PNGRIS Classes 1–8: land is  �

flooded briefly, seasonally, or permanently 
flooded, as in a swamp).

In PNG, 33% of the total land area is inundated in 
some way, which leaves 67% that is not inundated. 
Almost all inundated land is in the lowlands altitude 
class. A number of very small areas of inundation 
occur in the highlands altitude class, but they have 
been excluded in order to simplify this analysis.
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Figure 1.11.1 Agricultural environments based on altitude (temperature), soil water deficit (rainfall deficit) and 
inundation classes . Source: PNGRIS .
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The three conditions combined into 
agricultural environments

When all possible combinations of the environ-
mental conditions of altitude/temperature, soil water 
deficit and inundation described in this section 
are combined and mapped, the outcome is 14 
agricultural environments, plus the very high altitude 
environment that is presently uninhabited and not 
used for agriculture. Within each environment, there 
are big differences in soil fertility and slope that 
cannot be shown at the scale used here. However, 
these 14 broad classes can be used to identify where 
a particular crop might grow best or where an agri-
cultural practice that has proved successful elsewhere 
might be suitable. An example is the practice of 
planting casuarina trees in fallow gardens. Within 
each class, further work in the field can identify local 
land that is not too steep and is reasonably fertile.

Figure 1.11.2 Proportion of the total land area by altitude (temperature), soil water deficit (rainfall deficit) and 
inundation classes . Source: PNGRIS .

Moderate
(49%)

No deficit
(43%)

No inundation
(67%)

Inundated
(33%)

Strong (8%)

Intermediate
(15%)

Highlands (9%)

Lowlands
(66%)

Altitude Soil water deficit Inundation

High altitude (6%)

Very high altitude (1%)

Uninhabited (3%)

The distribution of PNG’s population by agricultural 
environment is of interest for a number of reasons. It 
provides an indication of the numbers of people who 
would benefit from research or other activities within 
a given environment. It also gives insights into what 
sort of environments have been favoured by Papua 
New Guinean agriculturalists over long periods of 
time.

Almost half of all rural Papua New Guineans live in 
lowlands environments. A further 27% of the rural 
population live in highlands environments and 17% 
in high altitude environments, leaving only 7% in 
intermediate altitude environments (Table 1.11.1).

Of those who live in lowlands environments, around 
70% favour environments which are not inundated 
and which do not have a strong soil water deficit. 
Across the country, inundation is associated with 
low population densities. In highlands environments 
population densities are higher where there is a 
moderate soil water deficit and no flooding.
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Measuring land quality

Land quality can be assessed in a number of ways. It 
is measured here as ‘resource potential’, or the ability 
of the land to grow particular crops at their optimum 
production over a long period of time. Resource 
potential is determined by identifying conditions 
that will prevent optimum plant growth. These are 
known as ‘constraints’ and include, for example, 
infertile soils or soils that will lose fertility quickly, 
too much or too little water in the soil, steep slopes 
that will erode if cultivated, and low temperatures. 
Each constraint is given a score depending on how 
critical it is to plant growth over the long term, 
relative to all the other constraints. The constraints 
are added together and areas of land are examined to 
see how well they score against all the constraints.

People commonly overcome some constraints by 
modifying the environment. So swampy land is 
drained to lower soil water levels (see Sections 1.5, 
1.11 and 3.12), physical barriers are constructed 
across slopes to slow or prevent soil erosion (see 
Section 3.9), and green manures are used to maintain 
soil fertility over many cropping cycles (see Section 
3.11). The type of modification that is used often 
depends on the crop species being grown. For 
example, taro is constrained less by high soil water 
levels than sweet potato, and so drainage is less 
important if taro is to be grown than if sweet potato 
is the chosen crop.

1.12 Land quality

Methods of classifying land according to its quality 
depend on the accuracy of the information available. 
The resource mapping units (RMUs) of PNGRIS 
provide a convenient unit of analysis and contain 
information on natural resources that is reasonably 
accurate at provincial and national scales (see Section 
1.15). Resource potential, or land quality, is usually 
estimated relative to a particular crop or land use. 
The constraints to optimum growth are estimated for 
particular species and the outcome applies only to 
that species, or to other similar plants.

The assessment of land quality presented here (see 
Figure 1.12.1) is based on the potential of land in 
PNG to grow sweet potato. It was carried out using 
the following information:

Altitude (as an alternative for temperature)  �

(from PNGRIS).

Inundation or flooding (from PNGRIS). �

Slope (from PNGRIS). �

Soil type (from PNGRIS). �

Annual rainfall (from the ANU’s Centre for  �

Resource and Environmental Studies rainfall 
surface for PNG; see Figure 1.5.2).

Light (measured as cloud cover by the  �

Australian Geological Survey from the United 
States’ National Oceanic and Atmospheric 
Administration satellite imagery data).

Sweet potato was chosen because it is grown in almost 
all inhabited parts of PNG, it is the staple food for 
more than 60% of the population and a lot is known 
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Figure 1.12.1 Land quality . Source: PNGRIS .
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about constraints to its optimum growth. In the 
analysis presented here, modifications to the environ-
ment, such as draining or composting, are not taken 
into account. For an example of an analysis where 
environmental modifications are taken into account, 
see Hanson, Bourke, Allen and McCarthy (2001).

Land quality in PNG

Using the above measures to determine the potential 
of land to grow sweet potato, the following points 
can be made about land quality in PNG:

It is predominantly of low quality. More than  �

70% of the total land area is of low or very low 
quality (it must be remembered, however, that 
only 25% of the total land area of PNG is used 
for agriculture (see Section 1.2), and much of the 
poorest quality land is not occupied by people); 
20% of the total land area is of moderate potential 
and only 7% is of high or very high potential 
(Table 1.12.1, Figure 1.12.2, Table A1.12.1).

Most of the people in PNG produce food from  �

land of moderate to low quality. Up to 80% of 
the population occupies land of moderate or 
lower potential. Only 20% occupy high or very 
high quality land (Table 1.12.1).

High quality land is associated with volcanic  �

landforms or with land covered with volcanic 
tephra (fine material that has fallen on the land 

following a volcanic eruption). The largest area 
of high quality land that is presently unoccupied 
surrounds active and dangerous volcanoes that 
are known to have erupted and killed people in 
the relatively recent past.

Of the estimated 983 000 people who occupy  �

high and very high quality land, almost 30% live 
in either East New Britain Province or Western 
Highlands Province. A further 12% live in 
East Sepik Province and 10% live in Sandaun 
Province (Figure 1.12.3, Table A1.12.2).

Of the estimated 2.8 million people who occupy  �

very low or low quality land, 24% live in Morobe 
Province or Southern Highlands Province and 
a further 18% in Eastern Highlands or Enga 
provinces.

People are not evenly distributed over poor and  �

good quality land, but are concentrated on better 
quality land. Average population densities on 
high and very high quality land are between 
four and eight times those on poor quality land 
(Table 1.12.1, Figure 1.12.4).

Over the long term people can produce food from 
poor quality land either because they use it at low 
intensities (land may be used only once every 20 to 
30 years) (see Section 1.2) or because they use special 
techniques to overcome constraints to crop growth, 
such as draining a swamp or using green manure to 
maintain soil fertility.

Table 1.12.1 Total land area, rural population and rural population density, by land quality (the potential of the land to 
grow sweet potato)

Land quality Total land area Rural 
population

Proportion of rural 
population (%)

Rural population 
density 

(persons/km2)
(km2) (%)

Very low 85,270 18 .5 456,989 10 .9 5

Low 251,563 54 .7 1,773,453 42 .3 7

Moderate 92,121 20 .0 1,123,606 26 .8 12

High 20,532 4 .5 419,256 10 .0 20

Very high 10,368 2 .3 419,256 10 .0 40

Total 459,854 100 .0 4,192,561 100 .0 9

Sources: NSO (2002); PNGRIS; land quality calculated by Luke Hanson .
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Figure 1.12.3 Total population (including urban and rural non-village populations) by land quality and province . 
Sources: NSO (2002); PNGRIS .
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The results of land quality analyses always require 
some qualification. The results of the analysis here 
are no different. This analysis of land quality classifies 
high altitude areas as low quality, for reasons associ-
ated with the boundaries of PNGRIS RMUs and the 
altitude classes used in PNGRIS. Hence highlands 
provinces are almost certainly over-represented in 
the classes of lower land quality. Although sweet 
potato is known to produce relatively slowly at 
higher altitudes (6–8 months to main harvest 
compared to 3–5 months at lower altitudes), high 
altitude land quality is not as poor as this analysis 
suggests. This analysis also produces other results 
that are difficult to interpret, such as the large areas 
of high quality land in Sandaun Province. These 
outcomes may result from errors in PNGRIS data for 
this province.

These results emphasise the need to interpret the 
findings of land quality analyses in the light of other 
knowledge. Findings should never be accepted 
unquestioningly. That said, the broad overall pattern 
of land quality in PNG presented here will not 
change greatly if another crop is substituted for sweet 

potato, or other adjustments are made. The greatest 
changes will occur if tree crops, banana or sago are 
used in the analysis. An analysis of the suitability of 
land for producing cocoa and coconuts was done by 
Hanson et al. (1998).

Sources
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Figure 1.12.4 Association between land quality and population density . Sources: NSO (2002); PNGRIS .
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Planted crops are the basis for agriculture in PNG. 
The natural physical environment influences which 
crops can be grown in a particular location, how 
well a crop performs, and other matters such as 
when flowering occurs, the time from flowering 
to fruit maturity, and fruit flavour. People can 
influence the relationship between the physical 
environment and a crop to some degree, either by 
selecting the environment for planting a crop or by 
modifying the environment. An example of people 
selecting the environment would be planting a crop 
that requires high soil fertility in a part of a food 
garden where the soil is deeper and more fertile. 
Examples of people modifying the environment 
include transferring organic material into a garden 
(composting) or digging drains to reduce the 
amount of water in the soil.

This section examines how aspects of the physical 
environment affect plant growth and yield and how 
people influence this in PNG. The information is 
organised by main environmental factors. Sometimes 
more than one environmental factor is important in 
determining how well crops grow, and sometimes 
people’s practices can have multiple effects.

An example of a practice having multiple benefits is 
the use of mixed species plantings in food gardens, 
a technique widely used in PNG. This is a very 
efficient practice and generally results in higher 
total yields and reduced labour inputs for the 
same area, compared with planting a single species 
(monocropping). The benefits from mixed species 
cropping include more efficient use of available 
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sunlight, with shade-tolerant crops planted under 
sun-loving species. An example is Chinese taro 
planted under banana.

Another benefit of mixed species planting is the 
more efficient use of soil nutrients and soil moisture, 
with quick-growing species using some nutrients 
before they are needed by slower-growing species, 
and before they can be leached from the soil. 
Different crops also have different needs for soil 
nutrients, so planting a mix of species can mean that 
the species are not competing for the same nutrients. 
For example, green vegetables have a high demand 
for nitrogen, whereas root crops and banana have 
a high demand for potassium, a nutrient that is 
less important for most leafy greens. Roots of the 
different species also use nutrients from different soil 
depths. As well as the total crop yield being greater 
from mixed plantings, the labour inputs are often less 
because of a reduced need for weeding.

Aspects of the physical environment that have the 
greatest influence on plant growth are rainfall, cloud 
cover, temperature, daylength, inundation (flooding) 
and soil fertility. Some of these factors are in turn 
influenced by others, such as altitude, latitude, slope, 
landform and underlying rock type. The various 
attributes outlined here are described in more detail 
in sections elsewhere: 1.5 (rainfall), 1.7 (temperature, 
cloudiness and sunshine), 1.9 (soils) and 1.10 
(landforms and altitude). Combinations of these 
factors are discussed in Sections 1.11 (agricultural 
environments) and 1.12 (land quality).
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Rainfall

A number of aspects of rainfall influence plant 
production, including total annual rainfall, its 
seasonal distribution, variability between years, 
extremes (drought or periods of particularly high 
rainfall) and intensity (millimetres per hour) (see 
Section 1.5). The optimum annual rainfall for many 
crops in PNG is 1500 to 3000 mm per year (125 to 
250 mm per month). For many crops, a period during 
the year of 1–3 months where the monthly rainfall is 
somewhat less (50 to 100 mm) is also a benefit. Crops 
tend not to grow so well in locations where the total 
annual rainfall is greater than 4000 mm. Some crops 
are more tolerant of high rainfall than others. For 
example, oil palm produces well in locations with an 
annual rainfall of up to 3500 mm, whereas cocoa does 
best where the annual rainfall is between 1800 mm 
and 2600 mm. Sweet potato is vulnerable to high 
levels of soil moisture, whereas taro is much more 
tolerant of wetter soil conditions. Despite this, sweet 
potato is grown in locations where the rainfall is high 
to very high and people use mounds or drains to 
reduce soil water levels.

Rainfall seasonality influences crop growth in a 
number of ways. Some species require a drier period 
in the year for flowering and fruiting, although many 

of the crops grown in PNG produce even without a 
drier period each year. Mango is a good example of 
a food crop that requires a period of drier weather to 
induce flowering. Higher rainfall and humidity during 
the period that mango flowers are forming can allow 
fungal growth that causes flowers to abort, thereby 
reducing fruit yield. Karuka nut pandanus is another 
crop where flowering and fruiting is induced by drier 
weather. In places that experience a regular drier 
period each year, such as Eastern Highlands Province, 
fruiting is more regular. However, in the western 
part of the highlands where the annual rainfall is less 
seasonal, production of fruit is less regular. The best 
yields of karuka nut follow mild droughts.

In locations where there is regular variation in the 
seasonal distribution of rainfall, villagers adapted their 
agricultural systems to avoid interruptions to food 
supply. Where rainfall is well distributed throughout 
the year, taro was generally the main staple food in the 
lowlands. In more seasonal environments, people grew 
more banana and yam. Where the rainfall distribution 
was markedly seasonal, the agricultural system was 
based on a combination of taro, yam and banana, 
sometimes with sago being used for part of the year. 
Using a mix of crops with varying times to maturity 
spread the supply of food more evenly throughout the 
year. In some strongly seasonal locations, especially on 
small islands and in Milne Bay Province, foods from 
trees including breadfruit and Polynesian chestnut 

Figure 1.13.1 Food availability at Utalo village, Goodenough Island, and Bogaboga village, Cape Vogel area, Milne Bay 
Province . Note: A solid line indicates availability directly from food gardens . A dashed line indicates availability from 
storage . The thickness of the bands indicates relative abundance . Source: Mogina (2002:159) .
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(aila) were important when the supply of garden food 
was low. The availability of foods at two locations in 
Milne Bay Province is illustrated in Figure 1.13.1. Over 
the past 130 years, villagers have incorporated sweet 
potato, cassava, corn and other introduced foods into 
their agricultural systems. This has allowed greater 
flexibility in the food production systems and spread 
the supply of food more evenly throughout the year.

Seasonality of rainfall influences the timing of 
crop planting. In some locations in PNG, the main 
food gardens are planted prior to the wetter part 
of the year, often in about September–October. 
In the highlands, the mixed vegetable gardens are 
commonly planted at this period, which results 
in a greater supply of some foods in the months 
that follow. Figure 1.13.2 shows when amaranthus, 
common bean, corn and cucumber are most 
abundant in a number of highland markets.

A period of lower rainfall is often desirable to break a 
cycle of disease build-up, and is particularly important 
in PNG where there is little seasonal change in 
temperature. Taro blight, a fungal disease, is worst 
in locations where there is no annual drier period. A 
number of crops, including watermelon, cucumber 
and rockmelon, only bear well when planted during 
drier months, almost certainly because pests and 
diseases are worse when rainfall is higher.

Drought is an extreme form of rainfall variability. It is 
difficult for villagers to devise an agricultural system 
to accommodate an event such as a major drought 
that occurs infrequently and in an unpredictable 
manner (see Section 1.6). People have many responses 
to surviving a drought, including eating plants and 
parts of plants that are not normally eaten, such as 
very small tubers, or eating uncultivated (‘wild’) 
plants, including ferns, wild yams and kudzu tubers. 
Another strategy is to migrate to locations where the 
food supply is better. In the modern context, people 
often buy locally grown or imported food using cash.

People make a number of modifications to the 
environment to influence soil moisture so that it does 
not interfere with plant growth. In most of PNG, 
the main concern is removal of excess water, and 
the construction of drains is a common technique, 
especially in sweet potato gardens in the highlands. 
Crops, especially sweet potato and yam, may also be 
planted on mounds to allow excess moisture to drain 

away from the root zone. In the past, where a lack of 
water for part of a year was the problem, irrigation 
of taro and other crops was practised, but irrigation 
is now restricted to a limited number of places, the 
most important being the Rabaraba area of Milne 
Bay Province. In Eastern Highlands and Morobe 
provinces, taro was irrigated using bamboo pipes. At 
Rabaraba, streams at the top of large alluvial fans are 
diverted into ditches that allow water to be distributed 
to areas under cultivation, while other areas are left in 
fallow, uncultivated and unirrigated (see Section 3.12).

Cloud cover

High levels of cloudiness tend to be associated with 
high rainfall and less direct sunlight (see Section 
1.7). The combination of excessive soil moisture and 
less direct sunlight results in poorer plant growth for 
many crops. This is one reason why yields of grain 
crops, such as rice and corn, are not particularly high 
in PNG. The highest yields of rice occur where there 
are a high number of hours of bright sunshine in the 
day and water supply is plentiful. These conditions 
occur, for example, in the Murrumbidgee Irrigation 
Area of New South Wales, Australia.

Yields of sweet potato and other crops tend to be 
lower on the southern sides of the main mountain 
ranges, for example, in Southern Highlands Province 
and mountainous parts of Gulf Province. This is 
because of both excessively high rainfall and high 
levels of cloudiness. In mountainous locations where 
clouds form early in the day and reduce sunlight, 
human settlement and agriculture is generally absent.

Temperature

Altitude has the greatest influence on temperature in 
PNG (see Sections 1.7 and 1.10). Above 500 m, there 
is a regular decline in temperature with increasing 
altitude. Other factors that have an influence on 
temperature are geomorphology (landforms; 
see Section 1.10) and latitude (distance from the 
equator). Seasonal differences in temperature 
are very small at locations near the equator, for 
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Figure 1.13.2 Availability of amaranthus (Amaranthus spp .), common bean (Phaseolus vulgaris), corn (Zea mays) and 
cucumber (Cucumis sativus) over a 3-year period in local food markets in the Kainantu area, Eastern Highlands Province, and 
Nembi Plateau, Southern Highlands Province . Data presented as a 3-month running mean . Source: Bourke et al . (2004) .
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example, on Manus Island. The differences increase 
at locations further south, particularly in Oro, 
Milne Bay and Central provinces and the southern 
part of Western Province (Table 1.13.1). Seasonal 
differences are also greater where the wettest part of 
the year coincides with the Southern Hemisphere 
winter. These conditions occur, for example, in Lae, 
the Alotau area and the south coast of New Britain. 
However, even at these locations, the difference in 
the mean maximum temperature between the coldest 
part of the year (about July) and the warmest (about 
February) is only around 4 °C.

Another feature of temperature is the diurnal range, 
that is, the difference between daytime maximum 
and night-time minimum temperatures. There are 
small differences in the diurnal ranges in different 
locations in PNG, but there is little variation from 
day to day or even from season to season at any given 
location. At locations near the ocean the difference 
between day and night-time temperature is typically 
about 8 °C. This difference can be less on very small 
islands where the volume of land is small. In inland 
locations, for example in the highlands, the diurnal 
range is typically about 10 °C.

Temperature influences crop growth in a number of 
ways:

Minimum or maximum temperatures determine  �

where crops will grow and where they will 
produce. (These are not always the same. For 
example, coconut palms grow in the highlands 
up to 1700–1800 m, but usually bear nuts only 
up to about 1000 m.)1

Crops generally take longer to mature in a cooler  �

climate. In PNG, this means that crops take 
longer to mature with increasing altitude.

One type of temperature extreme, frost, may  �

cause considerable damage to crops. Most crops 
that grow in PNG are not frost tolerant.

1 The figure of 1000 m is the average altitude of 20 
locations where coconut usually bears nuts in PNG. 
Coconut palms occasionally bear some tiny nuts at 
altitudes as high as 1310 m, but this is exceptional. 
The altitudinal limit data quoted here was recorded 
in 1980–1984. Temperatures are rising in PNG (see 
Section 1.8), as they are worldwide, and some crops are 
now bearing at a higher altitude.

Because altitude has such a strong influence on 
temperature in PNG, it has a strong influence on 
where crops will grow and produce. It is possible to 
define the altitudinal range of crops in PNG. This is 
illustrated in Figure 1.13.3 and Table A1.13.1 where 
the usual and extreme altitudinal ranges of 22 crops 
are shown. The upper or lower altitudinal limits for 
each species vary somewhat between locations but, 
for most crops, the upper or lower limit is within 
±100 m of the average altitudinal range.

Villagers, especially in the highlands, are very 
conscious of the altitudinal limits of individual crops. 
Clan land commonly covers a range of altitudes, so 
that people can exploit temperature differences to 
grow a range of crops. For example, a village might 
be located at 1700 m altitude, with clan land covering 
the range 1500–2000 m. Crops that require warmer 
temperatures, such as marita pandanus and pawpaw, 
will be grown only on the lower land, whereas crops 
that require cooler conditions, such as karuka nut 
pandanus, Irish potato or cabbage, will be located 
on higher land. Where village land straddles an alti-
tudinal range where a number of crops stop or start 
to grow, for example at about 1000–1200 m or about 
1800–2000 m, it is common for people to speak of 
‘hot’ and ‘cold’ locations.

For many crops, lower temperatures slow growth and 
result in a longer growing period. Corn, for example, 
requires about 90 days to mature below 600 m and 
110–120 days at 1600 m altitude. Similarly, sweet 
potato matures in 3–5 months in the lowlands, but 
requires 5–8 months at 1600 m and 8–12 months at 
2300 m. The longer time to maturity is not neces-
sarily a problem, but is generally a positive condition 
in most of PNG. This is because, at a given altitude, 
where soil moisture and nutrients are not limiting 
growth, the other main environmental factor limiting 
growth will be lack of bright sunshine. A longer time 
to maturity allows the plants to accumulate carbo-
hydrate (critical to human nutrition) for longer and 
the result is often a higher yield. For example, sweet 
potato yields in the highlands are typically 20–30 
tonnes per hectare (t/ha) where the soil is fertile 
and well drained and the rainfall is adequate. In the 
lowlands, comparable yields are 15–20 t/ha, although 
this is achieved in a shorter time.
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Temperature also influences flowering and fruiting of 
some crops. For example, fruit production of pawpaw, 
guava and carambola (five corner) is not seasonal in 
the lowlands, but is seasonal in the highlands near 
the upper altitudinal limit of these crops. Cooler 
temperatures have an influence on the period that 
marita pandanus fruit is available. In the lowlands, 
fruit is available all year. With increasing altitude, the 
period when marita is available is reduced. Near its 
upper altitudinal limit (1600–1700 m), it only fruits 
for about four months each year (Figure 1.13.4). For 
some crops however, such as avocado, the fruiting 
period is similar across a wide range of altitudes. For 
these crops, we can conclude that temperature does 
not influence flowering and fruiting.

A number of crops bear more under cooler condi-
tions. Irish potato is one example; it will only bear 
tubers when the night temperature is less than 18 °C. 
This occurs at about 800 m altitude in most of PNG, 
but at slightly lower altitudes in the south of the 
country. Although tuberisation (the production of 
potato tubers) occurs at 800 m in PNG, yields are low 
at this altitude. Irish potato yields best in the main 
highland valleys (1600–1800 m) and especially at 
high-altitude locations (above 2000 m). The relation-
ship between temperature and yield of pyrethrum 
flowers is particularly marked. The yield of 
pyrethrum flowers increases rapidly with increases in 
altitude between 1800 m and 2700 m (Figure 5.16.1).

Even though in much of PNG temperature changes 
may be small from day to day or even from month 
to month, these small changes can be enough to 

induce flowering in some plants. This is the case for 
pineapple, where lower night-time temperatures 
induce flowering and fruiting. It can be difficult 
to separate the influence of changes in minimum 
temperature from changes in daylength (see below) 
because both occur to a greater degree at locations 
further from the equator, particularly in the 
Southern Region. However, where flowering and 
fruiting occur at about the same time each year, it 
is more likely that changes in daylength are more 
important than changes in temperature. Where 
flowing and fruiting vary a lot from year to year, 
as they do with pineapple, it is more likely that 
minimum temperature is the more important factor.

Daylength

Change in daylength has a major influence on when 
plants flower. The length of the day varies during the 
course of a year in a predictable manner. Near the 
equator, for example in Manus and northern New 
Ireland, daylength does not vary greatly throughout 
the year. At locations further south, in Milne Bay, 
Oro and Central provinces and the southern part 
of Western Province, there is a greater difference in 
daylength between the period of shortest days (June) 
to that with the longest (December) (see Section 
1.7). These differences are still small compared 
with places in the temperate zone, for example, in 
southern Australia.

Table 1.13.1 Average seasonal temperature differences between a low-latitude and a high-latitude location

Location Latitude, south Temperature (°C)

February July Difference

Momote, Manus Island[a] 2°03’ Mean minimum 24 .2 24 .5 –0 .3

Mean maximum 30 .0 29 .5 0 .5

Samarai, Milne Bay 
Province[b]

10°37’ Mean minimum 24 .7 22 .8 1 .9

Mean maximum 31 .6 27 .0 4 .6

[a] Data collated from 20 years of records between 1949 and 1970 .
[b] Data collated from 44 years of records between 1891 and 1970 .

Source: McAlpine et al . (1975) .
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Figure 1.13.3 The usual and extreme altitudinal ranges of 22 crops in PNG . Source: Bourke (1989) .
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Figure 1.13.4 The length of the fruiting season of marita pandanus (Pandanus conoideus) versus altitude in PNG . 
Source: Bourke et al . (2004) .
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Where a plant species flowers or fruits at about the 
same time every year, we can infer that it is changes 
in daylength that induce flowering. This is the case 
for a number of crops in PNG, including sis nut, 
marita pandanus, purple passionfruit and okari nut 
(Terminalia kaernbachii). Some species, including 
breadfruit and Polynesian chestnut (aila), appear to 
produce in a regular seasonal manner from about 8° 
south of the equator and further south, but fruit in 
an irregular manner at locations nearer the equator. 
It is likely that changes in daylength are too small 
near the equator to induce flowering in a regular way.

Inundation (flooding)

Some locations in PNG are flooded for part of 
the year (see Section 1.11). This has an important 
influence on agricultural production in those 
locations, as many crops cannot grow under 
flooded conditions. One notable exception is sago 
palm, which thrives in flooded locations. Sago is a 
very important food in many places in East Sepik, 
Sandaun, Western and Gulf provinces. It is notable 
that sweet potato is a minor crop in those locations, 
as it only produces where the soil is well drained. 
Other crops that can tolerate inundation for short or 
long periods include oil palm, swamp taro, kangkong, 
taro and oenanthe.

A striking feature of PNG agriculture, especially in 
the highlands, is the use of steep, sloping land for 
agricultural production. The absence of mechanical 
or animal-drawn cultivation and the generally low 
rates of erosion allow the use of steep slopes for 
agriculture in the highlands. But the most important 
reason for use of steep land is the desire of villagers 
to plant sweet potato on well-drained sites. Land 
that floods seasonally, such as alluvial plains in the 
wetter season, is often used intensively when it is 
not flooded and abandoned when it is. In many 
places along the levee banks of the Sepik and Ramu 
rivers, villagers plant food gardens as flood levels are 
falling and harvest before waters rise again around 
six months later. Villagers favour crops that mature 
faster, for example, Dioscorea alata yam rather 
than D. esculenta yam, because D. alata produces 
tubers faster (see Section 3.12).

Soil fertility

Soil is vitally important for crop growth. It provides 
support, nutrients, water and aeration for plants. 
Soil fertility depends on rainfall, the nature of the 
underlying rock and natural erosion on steep slopes 
(see Sections 1.9 and 3.7). Soil fertility is commonly 
reduced by more intensive cropping. As a general 
rule, soil fertility is reduced faster by intensive 
cropping in the lowlands than it is in the highlands. 
This is because higher temperatures in the lowlands 
cause natural processes to occur at a faster rate than 
in the cooler highlands environments. Rainfall in 
the highlands tends to be less intensive than in the 
lowlands. This means that leaching of elements from 
soils exposed by cultivation occurs more slowly in 
the highlands.

Two aspects of soil fertility, the structure and 
nutrient content, have an important influence on 
crop growth and yield. For example, under high 
nitrogen conditions plants tend to grow larger, 
take longer to mature and yield more. There are 
exceptions to this, for example, if there is too much 
nitrogen in the soil, sweet potato will produce 
a lot of top growth, but the tuber yield may be 
reduced. Some crops, such as taro, corn, tobacco 
and common bean, are very sensitive to low levels of 
plant nutrients. In contrast, some crops, for example 
cassava, highland pitpit and some types of banana 
(such as Yava, Kalapua or Tukuru), bear reasonably 
well even when the levels of nutrients are low. The 
soil structure is more important for some crops 
than for others. Sweet potato grows best in soils that 
have a good structure, that is, one that is crumbly 
and allows water, air and roots to penetrate. If such 
soils are not available, because they are a heavy clay 
for example, villagers will improve the structure by 
tillage (see Section 3.11).

People can influence soil fertility in a number of 
ways. The first is selecting sites for planting food 
or cash crops. The second is by deciding when to 
move from the fallow phase to the garden phase. 
The third is by modifying the environment in which 
plants grow.
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Villagers select sites for gardens and cash crops 
on a number of criteria. Sites on flatter land are 
more likely to be more fertile, but perhaps have 
poorer drainage than those on sloping land. In the 
highlands, mixed vegetable food gardens are typically 
planted on flatter and more fertile land, while sweet 
potato is commonly planted on better-drained sites, 
which are often on a gentle to steep slope. These 
factors are influenced by the nature of the soil, for 
example, some sites on flat land are well drained. The 
fallow period is an important determinant of soil 
fertility (see Section 3.8). Villagers judge how well 
soil fertility has been restored after the fallow phase 
by the growth of natural vegetation on the site and 
not by the period of time the land has been in fallow, 
although the two factors are related.

Villagers in PNG use a range of methods to improve 
soil fertility. These include tilling the soil, which 
is common where the fallow vegetation is grass 
(Section 3.11); transferring organic matter as 
green manure (termed ‘compost’ in PNG) to the 
soil surface or into a large mound (Section 3.11); 
planting certain tree species, especially casuarina 
in the highlands, into food gardens to hasten soil 
fertility restoration (Section 3.10); and planting 
a leguminous food, such as peanut, in a rotation 
with a root crop, especially sweet potato (Section 
3.10). People also reduce soil erosion by erecting 
soil retention barriers or, less commonly, building 
small terraces to plant crops (Section 3.9). Within 
a garden plot, people commonly plant those crops 
that have the highest requirement for fertile soil in 
sites where fallow vegetation has been burnt and ash 
has accumulated. In a few locations in the highlands, 
people burn twigs and leaves of casuarina trees in 
a pile and plant the crops that demand high soil 
fertility in those sites, particularly some of the leafy 
green vegetables.
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A measure of how easy it is to travel from a village in 
PNG to a service centre or market is defined here as 
‘accessibility’. It is measured by how long it takes to 
travel from a village to the nearest service centre or 
market, and by the level of services available at the 
service centre.

Before the establishment of a colonial administra-
tion in PNG, rural communities grew their own 
food, built their own houses, manufactured their 
own clothing, educated their children, used local 
medicinal plants and magic to treat illnesses and 
injuries, defended their territory and administered 
their ‘laws’. Although groups of people had trade, 
ritual and marriage relationships with nearby groups, 
many individuals did not travel more than a few kilo-
metres from where they were born for the whole of 
their lives. Their village was the centre of their world.

The colonial state established administrative centres 
that were places where education and health services 
and forces of law and order were located. Other 
places of wealth and employment, plantations and 
mines, also appeared. The colonial administration 
made it possible to travel longer distances in safety 
and to buy and sell commodities, including labour.

When people, commodities and services began to 
move longer distances in PNG, some places were 
advantaged over other places. It was easier for some 
people to receive education and health services, or to 
sell commodities or labour, because they were closer, 
in terms of distance, time or effort, to places where 

the services were offered, or where the commodities 
or labour were in demand. For them, these places 
were more accessible.

Because some people had better access to markets 
and services, in a relatively short span of time they 
became better educated, healthier and wealthier 
than other people. Where these differences in access 
to markets or services remain in place, differences 
in levels of health, education and cash incomes can 
be expected.

Accessibility classes

Access can be measured in a number of ways, but 
here accessibility is divided into the following classes:

Very poor access – more than one day’s travel to  �

reach any level of service centre.

Poor access – between 4 and 8 hours travel to  �

reach a minor service centre.

Moderate access – between 4 and 8 hours travel  �

to reach a major service centre.

Good access – between 1 and 4 hours travel to a  �

major service centre.

Very good access – less than one hour’s travel to  �

a major regional centre.

This classification of accessibility is based on the 
personal experiences of the authors in every district 
of PNG and takes into consideration terrain, road 

1.14 Access to markets and services
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coverage, road quality, the presence of public road 
transport and shipping in the late 1990s and the 
services offered at various centres. Travel is defined 
as surface travel by a person on foot, in a vehicle or 
in a boat. Air travel is excluded because most people 
cannot afford it on a regular basis.

The unit for which accessibility is estimated is the 
MASP Agricultural System (for more information 
on MASP see Section 1.15). Accessibility is measured 
from the centre of the system. Because agricultural 
systems were defined using attributes that did not 
include accessibility, some minor anomalies exist. 
In these cases, which occur close to Lae, Tabubil 
and Wewak, although it looks on the map as though 
accessibility to these main centres is poor, it is in fact 
moderate to very good (Figure 1.14.1).

The estimate of accessibility is based on time to 
travel and not on the different costs of fuel. Per hour 
motorboat travel is considerably more expensive 
than motor vehicle travel.

Accessibility and population

Many people in PNG have good or very good access 
to service centres. An estimated 46% of the rural 
population live within four hours travel to a major 
service centre. A further 38% live within eight hours 
travel to a major centre (Figure 1.14.2). This situation 
is the outcome of the colonial administration 
establishing service centres and building roads in the 
most populated places.

The greatest numbers of people who have very good 
access to services live in East New Britain Province 
and Western Highlands Province. In each of Eastern 
Highlands, Southern Highlands, Western Highlands 
and Simbu provinces, more than 200 000 people have 
good accessibility to a major service centre (Figure 
1.14.3, Table A1.14.1). A further 148 000 people in 
each of East Sepik and Enga provinces live within 
four hours travel of a major service centre.

Around 16% of the PNG population has poor or very 
poor access to services. These people live further 
than four hours travel from any service.

The greatest number of people with very poor access 
to services live in Sandaun Province, where almost 
37 000 people (22% of the provincial population) 
live more than a day’s travel from a minor service 
centre. More than 20 000 people in each of Southern 
Highlands and East New Britain provinces are 
similarly isolated.

Larger numbers of people have poor access to 
services. In Madang Province 106 000 people live 
more than four hours from a minor service centre. 
In each of Southern Highlands, Milne Bay, Western 
Highlands and Morobe provinces, over 40 000 people 
have poor access to services.

Summary of access to markets and 
services

A number of points can be made about access to 
markets and services in PNG:

Slightly less than half of the total population of  �

PNG have good or very good access to services.

Around 16% have poor or very poor access to  �

services.

In the same province, large numbers of people  �

in one part of the province can have very poor 
or poor accessibility, and in another part of the 
province large numbers can have good or very 
good accessibility. East New Britain Province is 
an example of this.

Areas of very poor access to services are located  �

in the Sepik Valley and the highlands of Sandaun 
Province, along the northern edge of the 
highlands, in inland Gulf and Central provinces, 
in south-east Oro Province and in inland East 
New Britain Province.

Although the populations of small islands often  �

have moderate access to services because boat 
travel takes them directly to major service 
centres, the cost of outboard motor fuel is a 
severe constraint on their ability to travel. Small 
boat travel is also dangerous during parts of the 
year because of weather conditions.
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Figure 1.14.1 Access to markets and services . Source: MASP .
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Figure 1.14.3 Rural population by accessibility class and province . Sources: NSO (2002); MASP .
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Figure 1.14.2 Access to markets and services by rural 
population . Sources: NSO (2002); MASP .
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Poor accessibility can be shown to be associated  �

with low incomes and poor levels of health 
and education.

Accessibility to some areas has deteriorated  �

over the last 30 years, with the lack of road 
maintenance, the failure of bridges, and increases 
in the price of imported fuel for vehicles and 
boats caused by falls in the international value of 
the PNG currency.

Increased fuel prices have caused significant  �

shrinkage in commercial air service networks 
in PNG since around 2000. This has had the 
effect of isolating small service centres from the 
rest of the country, even though accessibility to 
the centre from surrounding villages may not 
have changed.
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PNG is rich in information about natural resources, 
forests and agriculture. Much of this information 
is contained in a number of computer-managed 
databases, some of which are accessible with 
geographical information systems (GISs) software. 
PNG has four major GISs relevant to agriculture:

The PNG Resource Information System  �

(PNGRIS).

The Mapping Agricultural Systems of PNG  �

Project database (MASP).

The PNG Land Use maps 1975 and 1996. �

The Forest Resource Information System  �

(FIMS).

A number of sub-national GISs have been developed 
using methods similar to PNGRIS, including 
the Madang Resource Information System and 
the Upper Ramu Resource Information System 
developed by Lincoln University in New Zealand; 
and the West New Britain Provincial GIS developed 
by the Kandrian Gloucester Integrated Development 
Project. Only PNGRIS and MASP are described here. 
See the sources at the end of this section for informa-
tion about other spatial databases in PNG.

1.15 Geographical information systems

Papua New Guinea Resource 
Information System (PNGRIS)

The Papua New Guinea Resource Information 
System contains information on natural resources, 
land use and population distribution. PNGRIS is 
based on air photo interpretation of the Skaipiksa 
series.1 Those air photographs were used to 
extrapolate the detailed information created by the 
Commonwealth Scientific and Industrial Research 
Organisation (CSIRO) land system studies to the 
whole of PNG. This information was mapped onto 
the 1:500 000 scale Tactical Pilotage Chart (TPC). 
The TPC map scale is suited to national-level and 
provincial-level planning, but has limitations for 
planning at the district level and below.

PNGRIS data is organised into mapping units known 
as resource mapping units or RMUs. The RMU is 
a relatively complex area of land characterised by 
a set of natural resource attributes that are unique. 
RMUs are defined by combinations of the following 
attributes:

Landform (see Section 1.10). �

Rock type (geology). �

1 A series of 1:105 000 scale, black and white vertical air 
photographs covering all of PNG, taken between 1972 
and 1975 by the Royal Australian Air Force.
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The most recent version of PNGRIS was 
developed by a collaborative project between 
CSIRO and DAL, funded by AusAID. It uses 
MapInfo (version 4.5) and manages the data 
using FoxPro database management software. A 
FoxPro routine allows users to make queries that 
pass the outcomes to MapInfo, which produces a 
map. However, this version of PNGRIS has been 
overtaken by newer, more powerful versions 
of GIS software. The most recent versions of 
MapInfo will not run with the PNGRIS FoxPro 
software. Most users now access the PNGRIS 
map and data files directly using MapInfo or 

ArcView GIS software packages. The MapInfo 
files can be converted to ArcView files using 
conversion tools available in both packages, but 
the converted files should be carefully checked 
for missing records. In addition, in order to 
conduct complex queries or to produce tables, 
the dBase file format of the PNGRIS data files 
enables them to be loaded into most modern 
database management software packages, 
including Microsoft Access and Microsoft Excel. 
Summary tables from the defining attributes of 
PNGRIS are presented in McAlpine and Quigley 
(c. 1995).

Box 1.15

Altitude (as an alternative for temperature – see  �

Sections 1.7 and 1.10).

Relief (the difference in altitude between the hill  �

tops and the valley bottoms).

Mean annual rainfall (see Section 1.5). �

Inundation (flooding). �

Province. �

The basic defining attribute of an RMU is landform, 
which is divided by rock type and altitude. The basic 
RMU is then subdivided by relief, inundation and 
rainfall. All RMUs are distinguished by province. 
Thus RMUs with identical attributes are given a 
different identifier when they cross a province 
boundary. A total of 4566 unique RMUs are identi-
fied for the whole of PNG, including those that are 
identical on either side of a provincial boundary 
(Figure 1.15.1, Table 1.15.1).

Population data from the 1980 and 1990 population 
censuses are listed by RMU in PNGRIS with census 
unit, census division, district and province tags 
attached. The authors of this book have added year 
2000 census data to PNGRIS. Many of the tables and 
figures presented in Part 1 of this book are derived 
from PNGRIS.

PNGRIS also contains information on vegetation, 
soils, rural population, land use and land use 
intensity and possible physical constraints to 

agriculture. However, it is important to understand 
that the RMUs are not defined on the basis of these 
attributes. Rather, the additional information is 
mapped into the RMUs defined on the basis of the 
seven attributes listed above. Furthermore, informa-
tion about the spatial distribution of these additional 
attributes within an RMU is sometimes presented in 
a complex way. For example, because more than one 
soil can occur in an RMU, PNGRIS deals with this 
by allowing each RMU to have up to three soils. Soils 
that cover less than 20% of an RMU are not listed. 
If only one soil is listed it covers around 80% of the 
RMU area. If two soils are listed, the first covers 
40–60% of the RMU and the second 20–40%. If three 
soils are listed, the first covers 30–50% of the RMU 
area and the second and third 20–40%. Vegetation is 
presented in a similar way. It is not uncommon for 
users of PNGRIS to misunderstand this approach.

Because some data in PNGRIS is dependent on 
other data, care must be taken when analysing the 
relationships between attributes. For example, the 
estimate of inundation relies heavily on the type 
of vegetation, and altitude is an alternative for 
temperature. Information about soils is created from 
a combination of field observations, extrapolation 
from these observations to RMUs with similar 
environmental characteristics, and field experience. 
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Thus it would be a serious mistake to use PNGRIS to 
investigate relationships between soil type and slope, 
or vegetation and flooding.

The information in PNGRIS is coded. That is, a 
number is used to represent a class of attribute. The 
codes are contained in Appendix III in Bellamy 
(1986) (reprinted in 1995).

The Mapping Agricultural Systems of 
Papua New Guinea Project (MASP)

The Mapping Agricultural Systems of Papua New 
Guinea Project identified, described and mapped 
‘agricultural systems’ for the whole of PNG. The 

project was carried out by the Land Management 
Group in the Department of Human Geography, 
Research School of Pacific and Asian Studies, The 
Australian National University.

The primary objective of MASP was to identify 
and describe agricultural activities in a way that 
would allow them to be assessed against the 
natural resource attributes of PNGRIS, in order to 
examine the question of agricultural sustainability 
under conditions of rapid demographic and socio-
economic change. MASP uses the same 1:500 000 
scale Tactical Pilotage Chart as PNGRIS and was 
designed to be compatible with PNGRIS. However, 
a decision was made to map agricultural systems 
independently of PNGRIS RMU boundaries so that 

Figure 1.15.1 The PNGRIS GIS map showing resource mapping unit (RMU) numbers for part of East Sepik and 
Madang provinces . Note: To avoid cluttering the map, not all province RMU numbers are shown . Source: PNGRIS .
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an analysis of the associations between agriculture 
and natural resources would be based on two 
independent databases.2

The mapping unit of MASP is the agricultural system 
(AGSYS). Agricultural systems are identified as areas 
in which the combinations of six agricultural activi-
ties are unique. Field observations and interviews 
with villagers during traverses across every district 
in PNG between 1990 and 1995, complemented by 
published and unpublished literature, supplied the 
information used to identify agricultural systems.3

2 The MASP GIS is available in both MapInfo and 
ArcView formats. The data files are held in the same 
dBase file format as PNGRIS.

3 The exception is Bougainville Province, which was 
not visited at that time because of the civil war 
(1989–1997). Identification of agricultural systems 
in Bougainville Province was based on interviews 
conducted in 1996, updated by fieldwork in 2002.

The attributes used to define an AGSYS are:

Fallow vegetation – the type of vegetation  �

cleared from garden sites at the beginning of 
planting (see Section 3.8).

The number of times land is planted before it is  �

fallowed.

The period of time that land is fallowed. �

The most important staple food crops (see  �

Section 3.1).

Techniques used to maintain soil fertility (other  �

than a long fallow) (see Sections 3.7–3.12).

Segregation of crops within or between  �

garden sites.

Province. �

Table 1.15.1 Part of the PNGRIS database showing records for resource mapping units (RMUs) for Madang and East 
Sepik provinces

A B C D E F G H I J K L M N O P Q R S T U V W X Y

130269 13 MAD 269 5 5 48 145 17 45 51 23 0 6 5 5 3 6 3 4 0 0 1 0 0

130270 13 MAD 270 2 4 57 145 38 27 51 13 0 6 5 4 2 4 3 3 0 0 1 95 0

130271 13 MAD 271 2 5 38 145 50 74 51 15 0 5 0 4 2 3 3 3 0 0 1 0 0

140001 14 ESK 1 2 3 11 143 16 4 6 15 0 1 0 1 1 4 3 4 1 1 95 0 0

140002 14 ESK 2 2 3 13 143 18 11 6 15 0 1 0 1 1 4 3 4 1 1 95 0 0

140003 14 ESK 3 2 3 19 143 34 46 51 31 13 5 6 5 1 4 3 4 0 0 1 95 0

Key

A Province RMU number (unique in PNG) J Area of RMU (km2) S Rainfall seasonality code

B Census province code K Landform code T Rainfall deficit code

C Province L Lithology code (rock type) 1 U Inundation code

D RMU number (unique in province) M Lithology code 2 V Inundation extent code

E 1990 census district code N Slope code 1 W Vegetation code 1

F Latitude of RMU centre (degrees) O Slope code 2 X Vegetation code 2

G Latitude of RMU centre (minutes) P Relief code Y Vegetation code 3

H Longitude of RMU centre (degrees) Q Altitude code

I Longitude of RMU centre (minutes) R Annual rainfall code

Source: PNGRIS .
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Agricultural systems are identified only for those 
parts of PNG that are classed as ‘cultivated’ in 
PNGRIS (see Section 1.2). Many PNG agricultural 
systems exploit microenvironments and the outcome 
is a complex spatial pattern of agricultural activities, 
often on a scale too small to be mapped at 1:500 000. 
This problem is dealt with by the introduction 
of subsystems. The subsystem boundaries are 
not mapped, but information is presented for all 
subsystems within an AGSYS, and an estimate is 
provided of the area occupied by each subsystem. 
Text notes described the relationship between the 
environment and the subsystem locations.

Like PNGRIS, MASP contains additional informa-
tion, mapped into AGSYSs, that is not used to 
define the boundaries of the agricultural system. 
Another 102 attributes are mapped into AGSYSs. 

Figure 1.15.2 The MASP GIS map showing agricultural system (AGSYS) numbers for part of East Sepik and Madang 
provinces . Note: The shaded areas represent land that is not used for agriculture (see Section 1 .2) and is excluded from 
MASP . Not all agricultural system numbers are shown . Source: MASP .
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Excluding systems that are identical on both sides of 
a provincial boundary, a total of 287 unique AGSYSs 
were identified for PNG (Figure 1.15.2, Table 1.15.2). 
The information for every province, including the 
codes used in the dBase files and GIS, has also been 
published in a series of Working Papers.4 The MASP 
database was used to generate most of the tables and 
figures presented in Part 3 of this book.

4 There are 22 papers in the series: a two-volume 
summary (Working Paper No. 1), a paper for each 
province (19 papers), a technical information paper 
and a separate bibliography. The Working Papers have 
been distributed widely within PNG and are available 
in book form and as Acrobat PDF files.
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Table 1.15.2 Part of the MASP database showing records for agricultural systems (AGSYSs) for Madang and East Sepik 
provinces

A B C D E F G H I J K

1324 1 2 20 150 2 4 0 2 2 02-05

1325 1 2 40 100 3 4 0 2 2 00

1326 1 2–5 150 650 5 5 0 2 1 05–13

1327 1 1 2000 2600 2 2 2 2 4 11

1328 1 1–2 300 1600 2 5 1 2 2 11

1329 2 1 1600 2000 3 5 2 3 3 11

1330 1 5 800 1800 3 5 0 3 2 11

1331 2 5 200 450 1 1 0 2 2 02–11

1332 1 5 600 2200 5 4 0 2 1 11

1401 1 1 0 10 1 0 0 0 0 00

1402 1 1–2–3–4 0 800 5 5 0 3 1 09

Key

A Agricultural system identifier based on province code (e .g . 13 for Madang) and the AGSYS number in that province

B Number of subsystems that occur within the system (up to 3)

C 1990 census district code

D Lowest altitude of land used for agriculture in the AGSYS (metres)

E Highest altitude of land used for agriculture in the AGSYS (metres)

F Slope code

G Most common fallow type code

H Significance of short fallows (<12 months) code

I Length of fallow period code

J Cropping interval code

K Most important staple crops code

Source: MASP .
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The main fieldwork for the MASP database was 
conducted 10–15 years ago (1990–1995). Some field 
checks by other, independent observers have found 
that, in general, the information remains current. 
The information that is becoming dated is that on 
sources of cash income.
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