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Abstract: Rainfall and runoff data do not exist in Nakanai Mountains, the main range of New Britain Island, Papua New Guinea.
We collected ﬁeld data during a 4 weeks expedition in the rainforest. In the mountain, the annual rainfall may be about 12 m;
the soil is able to absorb a 50 mm rainfall, but a 20 mm shower starts runoff if the soil is saturated by a previous rain and gullies
sinking in caves are ﬂooded. Flooding propagates at about 1 km/h inside Muruk Cave. The discharge of the main rivers, Matali
and Galowe, correspond respectively in low water to 27 and 33 m3 /s. The ratios between low, medium, ﬂood and exceptional
ﬂows are respectively 1, 5, 10 and 50.
Keywords: Rainfall; runoff; Nakanai Mountains; Papua New-Guinea; soil saturation; discharge; Muruk Cave; Matali River;
Galowe River.

1. Introduction
A study of the characteristics of the water cycle (rainfall,
ﬂows) usually starts with a statistical approach to data
collected for a long period and emerges from the mass of
data highlighting average values and extreme events, etc. The
data presented here were collected in a particular context.
The region has no meteorological station in the high altitude
forest. The few existing stations are scattered along the coast
and their data is intermittent at best. No measure of the ﬂow
of the two rivers that border the region has ever been made.
When more detailed studies of rainfall, runoff and evaporation
were made, they proved to be far from what was envisaged.
An understanding of this was most important as much for
conducting exploration under constant threat of ﬂoods as for
understanding the mode of karstiﬁcation in one of the most
intense karsts in the world.
In the absence of data we had no choice but to collect our
own. In this we had to choose the parameters to measure, and
suitable instruments to measure with, all within the constraints
of a short duration expedition (approx. one month in the ﬁeld),
which didn’t necessarily stay in the same place. We opted
to collect the most signiﬁcant data as easily and as fast as
possible.
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The initial problem centered on several questions from the
preceding expeditions:
- Is it possible to predict heavy rainfall and therefore
underground ﬂoods with the aid of rudimentary meteorological
measurements (notably a barometer) considering that weather
forecasts are unavailable?
- Moreover, how much rain is required to cause enough runoff
to activate the dry streambeds that feed the caves?
- Is there a global way to look at the regional waterﬂow by
studying the principal streams in the area?
Of course we were unable to completely respond to
all these questions, but analysis of the data collected has
nevertheless provided us with some interesting information.

2. The hyper-humid equatorial mountain
climate
Knowledge of the climatic data is fundamental to our
understanding of the transit of water through the karst. All the
data from the Nakanai Mountains is very imprecise, as the
climatic conditions are only known from the meteorological
station on the coast at Pomio (Fig. 1). We have tried in part to lift
the mists that almost permanently mask these mountains and
control everything further downstream: rain on the gardens,
turquoise stream fed by the karst plateaus around which all
village life is organized.
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the large drops of water do not escape from
the container. Such an instrument is known,
even taking the constraints into account;,
all that was left was to lighten and compact
it (Fig. 3). It takes the form of a funnel
composed to four triangular sides made of
polythene joined by strong adhesive tape.
The assembly is mounted in a cleared
area, suspended from branches by strings
attached to metal eyelets. The top of each
triangle measures 1 m long so that the
funnel covers an area of 1 m2. When folded
it ﬁts into a 20 cm x 8 cm cylinder weighing
only 300 g. The water is collected in a 35 L
plastic drum graduated on the inside to allow
a direct reading (with a 1 m2 surface, 1 mm
of rainfall adds 1 L of water. Each graduation
Fig. 1. Location of the Nakanai, with generalized climatic data (after Ford,
corresponded with 5 mm of precipitation).
1973, modiﬁed).
Its capacity was therefore limited to 35
mm of precipitation. For especially heavy
rainfall, another barrel, graduated in the same way was placed
along side. This receptacle had an opening 30-cm in diameter
(1 mm of precipitation over a surface of 700 cm2 gives 0.7 L).
Its capacity of 500 mm was fortunately never reached… This
system was completely satisfactory; the only reserve was the
poor resistance to wind gusts, which fortunately never occurred
during our stay.

2.1.2. Other meteorological parameters:
temperature, atmospheric pressure, and humidity

Fig. 2. Monthly precipitation for the period 1956-1970,
Pomio station, altitude 5 m, annual total 6195 mm (after Mac
Alpine et al., 1975).

2.1. Recreating meteorological data
Rainfall data is available from the neighbouring station of
Pomio on the coast at the foot of the Nakanai. These cover the
period from 1956 to 1970 (Fig. 2). We have tried to ﬁnd out the
intensity and distribution of rainfall in the mountains during our
stay at Muruk in order to correlate them with the coastal data
in an attempt to extrapolate to reconstruct the missing data.
The unique conditions in the primary forest necessitated the
construction of special equipment.

2.1.1. A pluviometer adapted to local conditions
A normal pluviometer is not very suited to the speciﬁc
conditions in the forest. It must be able to measure large falls
of rain and still be sufﬁciently closed so that the splashes from
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Considering our other problems, these three parameters
were secondary, but an understanding of them allowed us to
better understand the genesis of the rainfall. These data were
much easier to collect than the rainfall. A mercury thermometer
was suspended under a roof out of direct sunlight. The mean
daily temperature was calculated as the average between the
minimum, just before dawn, and the maximum. A maximum/
minimum thermometer would without doubt have simpliﬁed
these measurements. Finally, a recording barometer with a
thermometer and hygrometer was installed in the main ‘hut’.
As much as possible, the four parameters were recorded
every two hours during the day (Table 1). The nocturnal
readings did not really suffer from a lack of automatic recording
equipment because the temperature dropped smoothly until
dawn when the pressure began to climb once again. The
generally clear night skies meant that nighttime precipitation
was rare. Nevertheless, an automatic data logger would have
removed these constraints as well as allowing us more precise
recording of data while we were away from camp for several
days. Of course, one could question the reliability of automatic
instruments in such a humid environment and it is always
advisable the take simple instruments in case you have an
electronic failure.
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Compared to 481 mm at Muruk, there
is ratio of 2.57 : 1 in favour of Muruk, which
corresponds to a pluviometric gradient
of 20 mm/100 m. This factor allows us to
extrapolate a rainfall value at Muruk for
the dry season (1). In the absence of any
data, we can use a pluviometric gradient
of exposure to the wind of 50 mm/100 m
(minimal probable value) for the calculation
of the wet months at Muruk based on the
monthly values on the coast (2).
(1) Rainfall values at Muruk in the “dry”
season (November-April) = (462 + 856 +
1291 + 1187 + 723 + 447) + (6 months x 50
mm x 14.5 hundred meters) = 3090 mm

Fig. 3. Pluviometer made from polythene sheet with 1 m2 surface and 35 L
barrel.

(2) Rainfall values at Muruk in the wet
season (May-October) = (462 + 856 + 1291
+ 1187 + 723 + 447) + (6 months x 50 mm x
14.5 hundred meters) = 9316 mm

2.2. A meteorological record for close to a month

We get close to 12.5 m of annual rainfall at Muruk.

We now have meteorological data for practically a month,
from 16th January to 13th February 1998 (Table 1, Fig. 4).
Admittedly, they appear ridiculous, but they are nevertheless
fundamental data, as there are no weather stations inland
from the coast in New Britain. Thanks to this data we have a
chance to understand the climate of the Nakanai Mountains a
little better.

As well as this, the spatial distribution of the precipitation
is highly variable. One location can be in full sun while only a
few hundred meters away it can be pouring rain. The location
of the downpours is quite random generally localized. The
measurements we took are in no way the result of a long series
of annual rainfall recordings.

2.2.1 Estimate of the annual precipitation at Muruk

The average temperature during the period was 19.5° C,
with a daily variation of ± 2° C. The diurnal range was 5.5° C,
with a variation of only 3° C under cloud and 9° C under clear
skies.

During our stay in January and February, 451 mm of rain
fell in Muruk.
By comparing these with the existing data from Pomio
on the coast (Fig. 3) it is possible to extrapolate in order to
get an idea of the annual precipitation – keeping the following
reservations in mind:
- the irregularity of the climate (Pomio has a variation of 3
to 10 m between dry and wet years!) implies that our data may
not be representative of average values for the same period,
- the only comparative data that we have is for Pomio
on the coast at the foot of the mountains and this data was
collected in 1970,
- the proportionality established for this period between
Pomio and Muruk is not especially the same as for an average
year.
The values calculated from this certainly include a serious
margin of error. But in the absence of other data they are the
most correct, even if they are the only one available!
We can approach it in the following manner knowing that
we have the precipitation level for Muruk from mid-January to
mid-February.
The precipitation level for Pomio for the same period: P =
(222 + 151) / 2 = 186,5 mm.
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2.2.2. Other climatic parameters

The daily pressure variation was limited to 5 hPa but
normally never passed 2 to 3 hPa.
Finally, the humidity was very high, as expected. It never
descended below 80% even during sunny periods. While
the morning fog was burning off and during showers it would
regularly pass 90% up to a maximum of 97%.

2.3. Rainfall in the “dry” season
While not exactly producing weather forecasts, it was
important for us to understand the signs preceding a major
rainfall, so as to safely continue our exploration of the caves.
From December to April the climate of the New Britain
is dominated by the northwest monsoon, a steady, moderate
wind that brings humidity from the ocean to the opposite side
of the island (Fig. 1). The plateaus of the Galowe highlands, on
the south side, are sheltered from these winds. Most of the rain
falls on the north side, while the south only receives rain from
clouds that cross the crest of the range. Out of the wind, the
rainfall is moderated and it is possible to have two consecutive
days without rain – the reason why this qualiﬁes as the “dry”
(in quotation marks!). As the air descends, it dries out a little
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and the coast has a generally sunny sky. Clouds and rain are
not standard every day. In the opposite season, the direction
of the monsoon is reversed and the south coast of New Britain
receives the full force of the humid ocean wind as it hits the
abrupt mountains. The orographic ascent causes veritable
daily deluges. During our stay in the “dry” season we could see
the extreme regularity of the weather that produced an almost
immutable succession of daily events. In general terms, a day
progressed like this (Fig. 5):

- At sunrise, the sky was clear and the temperature fresh
(≈ 15° C), the atmospheric pressure at its maximum.
- With the ﬁrst rays of the sun, the sun rapidly warmed the
air producing thermals.
- After a variable period of sunshine (30 min to 3 hrs)
maximal temperature is reached (24° C by 8 h, 26° C by
midday if the sky was sufﬁciently clear), the clouds would grow
quickly and totally cover the sky, pressure would fall 2 to 3 hPa
and the temperature would fall back to 20° C.

Table 1.
Meteorological data for Muruk Camp, 1445 m asl., from 16 January to 13 February 1998.
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Table 1.
Meteorological data for Muruk Camp, 1445 m asl., from 16 January to 13 February 1998. (continued)

- At the beginning of the afternoon the mist would invade
the forest and the rain would begin. Generally in the form of
short but violent showers with several repeat performances
during the afternoon. Finally the cloud cover would become
denser, the showers would stop, and the pressure would
gradually rise.

- During the night would once again clear and the
temperature would drop smoothly to 15° C.

- At the beginning of the evening the pressure would once
again return to its maximum and the sky would gradually clear
until nightfall.

- The faster the clouds clear in the morning, the faster
it warms up and produces more intense thermals… and the
showers arrive sooner and heavier (20 January). Conversely,
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Some variations to the ‘standard day’ should be noted:
- If the cloud cover remains overnight, cooling is lessened
and the morning temperature can pass 20° C, instead of the
usual 15-16° C (5 February).
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sunny days are generally accompanied by large thermals that
rapidly become showers. Humidity from the forest evaporates
next morning, the sky clouds over earlier and earlier, and the
showers also arrive earlier. After a few days the sky is cloudy
ﬁrst thing in the morning and does not allow the sun to get
through. After one or two cloudy days, the sky clears rapidly
one morning and the cycle begins again.
The weather in the forest is dominated by this double cycle:
daily and multi-day, that moderates the daily precipitation with
damp fogs in between heavy showers, separated by sunny
breaks which are always too short to allow the forest (and our
washing) to dry out. While the mild temperatures help keep
everything damp, the creeping mould slowly but surely covers
everything foreign to the forest, humans included.

Fig. 4. Ombrothermic diagram from Muruk Camp station,
1445 m asl., 16th January to 13th February 1998.

In the light of our observations and measurements, the
rainfall development became clear, even though we did not know
the mechanism in precise terms. We did not have elements of
the total picture to predict the days most at risk of heavy rain.
We were unable to isolate the signiﬁcant indicator parameter,
so, for instance the atmospheric pressure at ground level had
no direct relationship to the abundance of precipitation.

3. Streamsinks and soft ground: a
ﬂuviokarst in an equatorial forest

Fig. 5. Evolution of meteorological parameters during the
course of a typical day (25 January 1998).
a cloudy morning leads to a more stable but dull day without
major rainfall. In this case, the temperature will oscillate
between 20-21 ° C (18 January).
The weather, while being controlled by convectional
showers, is equally controlled by cycles of rainy days. In
general, periods of intense rain occur over 3 consecutive
days a week, separated by calmer weather without rain, but
they never last longer than 2-3 days. The main causes of
these weather variations are without doubt connected with the
circulation of high altitude air masses and characteristics of the
thermal gradient that generate instability to a greater or lesser
extent.
However, this cycle is superimposed on that of the humidity
variations caused by the general sunshine of each day. Very
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From rain to surface ﬂow to underground streams, it is
important to understand the successive relationships they
have to each other and especially to deﬁne a single factor that
relates rainfall to stream ﬂow. There is no known permanent
stream of any size on the Galowe plateau, even though the area
is covered in small branching valleys up to several kilometers
long, which apparently drain vast areas. It is an example of
ﬂuviokarst where the concentration of surface drainage plays
an important role in the form and dynamics of the underground
drainage. Due to the binary inﬂows, diffuse and concentrated,
the karst hydrologic behaviour adopts a dual mode, depending
on the hydraulic conditions.

3.1. Temporary ravines with spasmodic mode
Most of the time the vegetation cover and the soil absorb
the precipitation. Some of this is returned to the atmosphere
either by direct evaporation or indirectly as evapotranspiration
from the vegetation. The rest percolates through the heavy
soil to provide a diffuse drainage to the subjacent karst. As we
will see later, this complex system regulates the ﬂow such that
there is normally very little variation in the ﬂow with exceptional
violent ﬂows. In general terms, the appearance to ﬂowing
water is in part due to the nature of the soil, and in part due to
the severity of the downpour. In the scale of our study, the ﬁrst
parameters can be considered as invariable. It is therefore the
distribution of the rain episodes that determine the appearance
of ﬂowing water. We will consider the case of the Muruk gully
where activity in the gully can be observed in parallel with the
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rainfall recording (Fig. 4). After the biopedologic cover has
dried out due to some days without major rainfall it can absorb
large quantities of water without the slightest runoff: 55 mm in
the afternoon of January 20, 50 mm on January 30. In the ﬁrst
case, the four preceding days had only produced light showers
and no rain the day before that. In the second case, a dry day
was sufﬁcient to dry the soil as the day before that 19 mm fell.

- Finally, the members who stayed until the end of the
expedition observed a particularly violent ﬂood with a pulse of
2 to 3 m3/s. More detailed observation were not taken, which
was fortunate in a way, as anyone in some sections of the cave
at the time would have been in serious danger.

On the other hand, after several days of moderate falls, the
soil becomes saturated. If a heavy rainfall occurs, inﬁltration is
not possible and runoff is apparent immediately.

Diffuse feeders mainly inﬂuence the underground water
ﬂow regime with exceptional but powerful additions from
surface gullies. When this happens, distribution of water from
the gullies on the surface is closely related to the underground
drains.

- The streamﬂow of January 27 followed a week of
continuous moderate rainfall (average 10 mm/day). A fall of 46
mm triggered the ﬂow.
- The period January 31 to February 3 was very different.
The soil was already saturated after the 50 mm that fell on
January 30. During the following three days, downpours of
35 to 40 mm a day kept the gully running virtually constantly.
The gully stopped ﬂowing on February 3, even with 15 to 20
mm a day for the next three days. It is obviously a threshold
below which no streamﬂow occurs, at least in this season, as
conﬁrmed by the following example.
- On February 10 a 22 mm shower saturated the soil and
a 34 mm shower the following day triggered a ﬂow. However,
these few days of streamﬂow in the Muruk gully do not directly
correspond to major ﬂoods.
- The 46 mm on January 27 and the 34 mm on February
11 only provoked a minor ﬂow of a few L/s at the end of the
afternoon. This amount of water is minimal when compared to
the amount ﬂowing underground and was unable to cause any
underground ﬂooding.

3.2. A relatively balanced underground waterﬂow

Aside from purely scientiﬁc considerations, this is one of the
major concerns of cavers, both in general terms, but especially
in these regions of abundant rainfall. Rises in water level
accompany practically every exploration; violent ﬂood pulses
(considerably less frequent), fortunately caused no serious
consequences as cavers were never surprised in restrictions
or waterfalls. The observation of the regimes of different rivers
in Muruk during the course of our exploration, combined with
the rainfall records, allows us to establish some notes.

3.2.1. Exploration January 30 to February 1 to the
Gruyere (-950 m)
At 4.00 p.m. at –750 m, the water appeared milky, this
increase in ﬂow was not signiﬁcant. The ﬂood pulse arrived
at around 8.00 p.m. without us noticing it – we were in the
fossil Bypass at –900 m. The ﬂow rose from 1.5 to 3 m3/s,
which forced us to turn back as we could not afford to risk
being swept away by the rapids in the “Swiss Cheese” (Fig. 6).
On the surface, 50 mm was registered at 6.00 p.m. The ﬂood
lasted until morning when the ﬂow returned to normal.

- The January 30 – February 3 event caused a moderate
ﬂood. I was the ﬁrst time when several successive days
signiﬁcantly passed to 20 mm threshold
with 50, 35, 40 and 40 mm successively.
Observers on the surface saw the gully
ﬂow varying between a few dozen to a
few hundred L/s. Even so, when the rain
stopped overnight, the gully stopped ﬂowing
during the night until the middle of the next
day, showing that it is not possible for the
stream to ﬂow for very long after the rain
stops. It is interesting to note that the ﬂood
corresponded to 35 mm at Muruk, then the
following two days 40 mm fell each day
but only produced a ﬂow of a few L/s. This
clearly illustrates the spatial variability of
the rainfall and it is highly probably that the
showers of January 31 were considerably
more intense higher up the catchment.
A single recording site can only partially
Fig. 6. Muruk cave. “The Swiss Cheese” series. On a 120-m distance, around
describe a system, which is in reality quite
35-m width and 10-m thickness, the river follows small juvenile passages
complex and diverse.
located at different levels. The ﬂood just arrived while we took this picture

(photo. J.-P. Sounier).
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The second day was calm until 8.00 p.m. On returning to
the bivouac (-750 m) we saw the River Thurecht rise rapidly
and become turbid. At 8.30 p.m., the ﬂow rose from 0.5 to 1.5
m3/s. The beach where we had left our sleeping bags was no
more that 5 cm above the water. During the night, the water
passed through various shades of brown. On the surface it
rained 35 mm and Muruk swallowed a muddy torrent of several
hundred L/s from 3 – 4 p.m. Over the 5 km route, the speed of
the ﬂood was a little less than 1 km/h. This is corroborated by
the speed estimated for the dye tracing in 1995, which was of
the same order (Hobléa, 1997). One could reasonably consider
it to be representative of the speed of average torrential ﬂoods.
The abundant rainfall of the third day kept the ﬂow level up and
the water had a chance to clear a little, while the gully did not
stop ﬂowing.
The biggest downpour recorded during the month caused
no more that in increase in ﬂow by a factor of 2-3 at the main
drain. We have no idea of the consequences deep in the cave
of the large ﬂood at the end of the expedition where Muruk
swallowed a ﬂow of 2 to 3 m3/s.

3.2.2. Exploration February 11 of the –537 sump.
On this occasion we were able to observe the behaviour
of a variety of inﬂows to the cave. The day before, 22 mm
of rain had swelled most of the streams and there were still
ﬂooding during our descent. The 35 mm that fell during the
afternoon did not substantially modify their behaviour – it did
nothing more than prolong the ﬂood. The gully ﬂowed several
L/s during the afternoon. Water appeared from the base of the
entrance pitch, undoubtedly coming from some sink higher up
the gully. The inﬂow at –200 m had a considerably higher ﬂow
(100 L/s instead of 30 L/s), and the water was earthy (Fig. 7).
Our explorations showed that this water also probably came
from higher up the gully. At –250 m, this stream disappears into
a sump, the re-appears at –480 m after a detour via the River
Elmedir, also turbid and in ﬂood. On the other hand, three other
inﬂows were not in ﬂood. The main one enters at –80 m while
the other two are the large inﬂows of the Puits du Visconte,
which total 100 L/s in low ﬂow. Certainly, their ﬂows were
slightly higher than normal, their water was perfectly clear.
These factors lead us to believe that we have two modes of
water entry to the system: direct inﬂow, rapid and concentrated
by the karst in the gully sinks, such as the inﬂow at –200m. The
capacity of this sink is limited and in ﬂood the excess water
ﬂows down the gully and into the Muruk entrance. On the
other hand, the other inﬂows represent diffuse drainage from
the water in the soil. Their ﬂow is sustained throughout drier
periods and ﬂoods in them are moderated. The pedological
cover attenuates the heavier rainfalls and acts as a ﬁlter
limiting the transfer of solids in the karst so their ﬂows remain
clear even in times of heavy rainfall.

38

online scientiﬁc journal www.speleogenesis.info

Fig. 7. Muruk cave. In Miriel River near -220, before
reaching P 13, at low water (photo. J.-P. Sounier).

4. Two coastal streams with approximately
30 m3/s in low ﬂow
Due to the lack of surface runoff, the Nakanai Mountains
drain to the coast via two distinct rivers. A few days at Pomio
allows for collection of data not only from the Galowe River, but
also the nearby Matali. When assessing the quantities of water
and erosion, a knowledge of the ﬂow rates downstream of the
cave systems is vital (Audra, 2001).
The Kavakuna area feeds the Matali while the Galowe
owes two thirds of its ﬂow to the Mayang resurgence. Amongst
the secondary resurgences, Berenice is the largest. There is
of course no precise data on the ﬂow of the local rivers. All we
have is some estimates, one from the rainy season.
- 40 m3/s in low ﬂow for the Galowe, a quick estimate
(Hobléa, 1997).
- 20 m3/s in low ﬂow for the Matali, with an estimate of 90
m /s for the annual average and 200 m3/s in high water (Maire
et al., 1981). The ﬂood of 1977 that removed the old bridge
was estimated at 1000 m3/s (Favre, in: Maire et al., 1981). This
gives ratios of 1 to 10 between minimum and maximum with
50 for the extremes.
3
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Fig. 8. A pole, a survey kit and a vegetable ﬂoat are used
to calculate the discharge of the Matali River, close to its
mouth. That day, the discharge was 27 m3/s (photo: Ph.
Audra).
In our study, we estimated the ﬂow of each of the two rivers.
We did this by taking a transverse section and measuring the
depth with a graduated pole at 3 m intervals using a topoﬁl
with one end attached to the bank of the river (Fig. 8). At each
of these points the velocity of the current on the surface was
calculated by measuring the time it took for a leaf to travel the
length of a 3 m bamboo pole. By integrating the successive
velocities and surfaces of each section it was possible to
calculate the amount of water passing the transverse section

RAINFALL, FLOWS AND PERCOLATION IN NAKANAI MOUNTAINS KARST

(Table 2, Fig. 9). The water ﬂows over a bed of medium
sized gravel (5-10 cm), without whirlpools or a great deal of
turbulence. We used a factor of 0.8 to account for the slowing
of the water due to the roughness of the river bed. These
measurements necessitate the presence of at least three
people. The velocity of the water (more than 1 m/s in a depth
of 1 m of water) causes stability problems for the measurers.
Because of this we chose measurement points where the
depth of the water did not exceed 1 m for the entire section.
That is, 30 m upstream of the bridge over the Matali and at the
location of the old bridge at the Galowe. It must be noted that
the cyclone in March 1997 not only removed the old bridge
completely, but also washed down a considerable quantity of
cobbles, which greatly facilitated our work.
The two measurements were taken during a pronounced
dry period – that is to say, after two weeks without major rainfall.
So we can consider that these ﬁgures represent minimal values
for the ﬂow. We measure 27 m3/s for the Matali and 33 m3/s for
the Galowe.

5. Conclusions
The results of the observations and measurements have
been very useful in our understanding of the local karst.
- The annual rainfall on the massif could be as high as
12.5 m, and at the very least an enormous rainfall. Of course,

Table 2.
Flow calculations for the Matali (12 January 1998).

Fig. 9. Transverse section of the Matali.
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this value is derived from the extrapolation of one month’s
observations and possible error is very high.
- Analysis of the weather and rainfall patterns did not
allow us to establish any correlation between weather and
atmospheric pressure at ground level. Therefore, any weather
prediction using local ground-based instrumentation is not
feasible. The only possibility of reasonable weather prediction
is to use a portable computer connected to meteorological
services via satellite. Such a system is currently too expensive,
but in view of the rapid development of such electronic devices,
they may well be standard equipment on expeditions in the
near future.
- The forest/soil system plays a remarkable role in this
extremely wet area. Just one or two days without rain are
enough to drain these soils which are then able to absorb up to
50 mm of rain without causing any runoff. On the other hand,
if the soil is saturated from previous rainfall, a shower of 20
mm is sufﬁcient to produce runoff. This demonstrates that in
the ‘dry’ season the karst is essentially fed by diffuse drainage
with the occasional episode of turbid runoff entering the caves
via the surface gully system, but these are limited in both time
and volume. These ﬂoods only lead to moderate ﬂooding
underground, even considering the speed of propagation (1
km/h) and the torrential nature of the underground conduits.
The small sediment load in these characteristically turquoise
waters is the best illustration of this. While we may ask how
these characteristics have changed with the partial destruction
of the forest by the cyclone, it appears that the effects have
been quite small owing to the dense layer of fallen timber that
was quickly covered by regrowth. The result may not be the
same after the seemingly inevitable advance of the forest
“miners”.

Even though numerous important questions remain
unanswered, we are convinced that we made a maximum
of observations during our limited stay of only a few weeks.
Substantial progress cannot really be made without a much
longer study of at least one year, but such long expeditions are
no longer the order of the day.
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- Finally, the estimates of the ﬂow in Matali and Galowe
rivers in low ﬂow conditions allows us to establish the ratios
between low (1), medium (5), ﬂood (10) and exceptional (50)
ﬂows.
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