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ABSTRACT 
 
Many studies of global sediment yields have ignored 
SE Asia, probably because the land area is only 2% of 
the global total. However, it has been suggested that 
up to 70% of the sediment entering the oceans comes 
from SE Asia and Oceania. To test such estimates one 
would normally calculate total yields from many 
measured rivers but there are very few relevant data 
for the region. A possible solution is to use algorithms 
which estimate sediment yields based on factors such 
as elevation, local relief, area, climate and runoff. To 
assess the value of different algorithms we first 
compared their predictions to known yields using a 
global data set tabulating a range of basin variables. 
All were poor predictors, but using a subset of the 
global data, based on rivers from SE Asia, there is an 
improved correlation between observed and 
calculated yields. However, the data set is small and 
the rivers may not be representative of the entire 
region. Bearing in mind these reservations, different 
algorithms were used to estimate sediment yields 
from SE Asia. Calculations can be performed quickly 
with a GIS because most parameters can be extracted 
from published maps and digital elevation models. 
We used the HYDRO1K database of hydrologically 
consistent drainage information based on the USGS 
GTOPO30 DEM. ERMapper and MapInfo were used 
to extract the essential parameters. Sediment yields 
were calculated for 650 basins and for the main island 
groups. The total estimated sediment discharge from 
SE Asia is between 1500 and 5000 million t/yr, 
between two thirds and twice that of the Himalayas. 
Based on these estimates, all Cenozoic sediment in 
SE Asian basins could be locally derived, but this 
raises the question of the tectonic processes acting to 
cause the elevation required to maintain sediment 
supply for many millions of years. 
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INTRODUCTION 
 
The analysis of sediment supply from a drainage 
basin affords one of the most objective methods of 
evaluating the intensity of erosion (Dedkov and 
Mozzhern, 1996). The rate of sediment supply to a 
depositional basin and the physical and chemical 
characteristics of the material involved are 
determined by complex interactions between rock 
uplift, weathering, erosion and downslope transport to 
the river (Hovius, 1998). However, the sediment 
supply of a river is not thought to be a precise 
measure of all erosion occurring within the valley 
basin. A considerable amount of sediment is not 
transported out of the basin and accumulates on the 
slopes and valley bottoms. Nevertheless, it is thought 
that there is a direct relationship between sediment in 
rivers and erosion rate over the basin, and therefore 
sediment yield can be used to estimate the relative 
rates of erosion (Dedkov and Mozzhern, 1996). 
Sediment supply to the oceans plays an important role 
in various natural geochemical cycles, such as the 
global carbon cycle, as well as transporting many 
human-released pollutants (Ludwig and Probst, 
1996). The assessment of present-day sediment 
supply can also be used to give insights into long-
term supply of sediment to sedimentary basins, 
mainly offshore. 
 
There have been numerous studies of sediment supply 
to the world’s oceans. Early attempts to estimate the 
total amount of sediment carried from the land to the 
oceans faced major problems because of the absence 
of data (e.g. runoff, suspended load and drainage 
basin characteristics) for many major rivers and for 
extensive areas of the globe (Walling and Webb, 
1996). Because of this it was necessary to extrapolate 
to areas without information, resulting in misleading 
estimates of global sediment yields. For example, the 
over-representation of Chinese rivers with relatively 
high suspended sediment yields in a limited data-base 
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led Fournier (1960) to calculate a value of 51 × 109 
t/yr of sediment carried to the global oceans, which 
was undoubtedly an overestimate (Walling and Webb, 
1996). Subsequent work has been able to take 
advantage of the increasing number of gauged rivers, 
more accessible data-bases of drainage basin 
characteristics, and improved representation of 
different areas of the world. 
 
Ludwig and Probst (1998) used a data set of 60 
globally distributed, large river basins (basin area >  
10,000 km2). Their purpose was to determine the 
main factors and relationships that control river 
sediment supply to the oceans by extracting 
hydroclimatic, biological, geomorphological, and 
lithological characteristics of the drainage basins from 
a large number of environmental data sets.  
 
Summerfield and Hulton (1994) used a data set of 33 
rivers (basin area >50,000 km2). Their study compiled 
estimates of rates of denudation for the world’s major 
drainage basins and provided an initial assessment of 
the main controls on denudation rates at regional to 
sub-continental scales. Both these studies 
concentrated on large drainage basins and no 
information was reported from small rivers, such as 
those draining SE Asia. Milliman and Meade (1983) 
concentrated on rivers with annual sediment 
discharges in excess of 15 × 106 t/yr, with some from 
SE Asia and combined these data with other 
measurements and estimates to derive average 
sediment discharges for the continents. Milliman and 
Syvitski (1992) identified the importance of small 
mountainous rivers. They used a data set of 280 
rivers, giving a much broader global coverage. These 
rivers, with basin areas of less than 10,000 km2, drain 
only about 20% of the global land area, but they 
number many thousands which collectively carry 
much more sediment than previously appreciated. 
Milliman and Syvitski (1992) also emphasised the 
importance of SE Asia and the West Pacific islands, 
although this still remains one of the regions of the 
world where there are few data. 

 
On a global scale, sediment discharge into the oceans 
has been estimated by many authors as between 12 
and 20 × 109 t/yr. Recent estimates of total global 
yields are 12.6 × 109 t/year (McLennan, 1993), 13.5 × 
109 t/year (Milliman and Meade, 1983), 14.8 × 109 
t/year (Ludwig and Probst, 1996) and 20 × 109 t/year 
(Milliman and Syvitski, 1992). With the exception of 

Milliman and Meade (1983) and Milliman and 
Syvitski (1992) these estimates have ignored 
sediments derived from SE Asia. Milliman and 
Meade (1983) estimated that more than 70% of the 
sediment entering the global oceans comes from 
rivers draining SE Asia and Oceania (by which they 
mean the islands of the West Pacific) (Figure 1). 
However, their SE Asia data set consisted only of 8 
rivers from Papua New Guinea and Taiwan. This data 
set is too small to give a reliable assessment of 
sediment supply to the oceans from SE Asia. 
Milliman and Syvitski (1992) estimated more 
conservative values of between 20 and 25% of the 
sediment yield into the global oceans based on a 
slightly larger data set of 31 rivers from SE Asia. 
 
The islands in SE Asia account for only 2% of the 
global land area. Thus, if these estimates of sediment 
yields are correct, the region is very important, but 
can these estimates be validated? Normally, it would 
be possible to take observed yields from measured 
river basins and calculate total yields for the region. 
However, in SE Asia this is not possible as there are 
very little relevant data available. An alternative is to 
use algorithms that have been proposed to estimate 
sediment yields for different basins around the world 
and apply them to SE Asia.  
 
GLOBAL ALGORITHMS 
 
Postulated controls on sediment yields include 
drainage basin area, elevation, relief, climate 
(precipitation and temperature), runoff and aspects of 
human activity such as deforestation and agriculture 
(Hay, 1998; Hovius, 1998; Milliman and Syvitski, 
1992). Important characteristics of drainage basins are 
factors such as surface area, river length, length of the 
drainage basin, and surface area of the depositional 
part of the catchment (Hovius, 1998). The relief of the 
drainage basin may be characterised by factors such 
as the mean or maximum height. Some authors 
(Ahnert, 1970; Hay, 1998) use average elevation of 
the drainage basin as their relief parameter. However 
in many drainage basins, most sediment is derived 
from the highest part of the catchment, and therefore 
sediment load and yield may reflect the maximum 
elevation of the drainage basin (Hovius, 1998). 
Climatic variables thought to be relevant are 
precipitation and temperature. Seasonal rainfall, 
particularly the monsoons that affect southern Asia, is 
important in producing a large suspended sediment 
load (Berner and Berner, 1987). However, rivers with 
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large sediment loads do not always transport large 
volumes of sediment to the sea. Berner and Berner 
(1987) noted that rivers in desert regions may have 
high concentrations of detrital sediment, but their 
sporadic flow and low water volumes prevent them 
from transporting large volumes of sediment to the 
sea. Temperature is one of the major factors 
controlling weathering rates, hence it may influence 
rates of erosion (Hay, 1998). Rainfall is generally 
considered an important parameter, but its effects are 
complex. For example, hydrological studies show the 
importance of short-lived extreme events on sediment 
supply (Douglas et al., 1999). Hovius (1998) 
attempted to quantify this complexity using a runoff 
parameter, which is the ratio of the total annual 
precipitation in the entire catchment, to the total 
annual water discharge at the river mouth. The impact 
of human beings through such activities as 
deforestation and agriculture is thought to be 
significant, but still poorly understood. It has been 
suggested that present sediment yields of many rivers 
draining areas of long term human settlement are far 
in excess of those which may have prevailed in the 
geological past (Douglas, 1967). Douglas (1999) 
reviewed the effects of human activity in SE Asia and 
notes the difficulties of scaling research studies to 
larger scales and longer time periods. In the 
algorithms used in this paper, the human factor has 
not been quantified. A number of authors have 
attempted to combine the various parameters into 
algorithms that can be used to predict sediment yields 
(Table 1). Hay (1998) provides a comprehensive 
review of those that have been proposed. 
 
ASSESSMENT OF ALGORITHMS  
 
The purpose of this study was to estimate how much 
sediment is being produced from SE Asia. Since there 
are relatively few data for the region it is necessary to 
make estimates using published algorithms. We chose 
algorithms for which the parameters could be 
obtained from published maps and literature proposed 
by several different authors (Ahnert, 1970; Hay, 
1998; Hovius, 1998; Milliman and Syvitski, 1992). 
Ahnert (1970) made one of the first attempts to define 
relationships between basin parameters and sediment 
yields but this algorithm was specifically developed 
for large mid-latitude drainage basins and relied on 
mainly North American and European data which 
included only 20 rivers. The remaining algorithms are 
based on more recent and much larger datasets and all 
attempted to define truly global relationships. To see 

how well the selected algorithms could estimate 
known yields we used a published data set by Hovius 
(1998), which tabulates a range of basin variables for 
95 major world river basins and then compared the 
observed yields for these basins with the yields 
calculated by each of the algorithms. The results are 
displayed in Figure 2. 
 
 
The graphs in Figure 2A-D show that there is a very 
large scatter in the data, and generally the calculated 
yield is larger than the observed yield. The correlation 
coefficients (R) of the data range from 0.576 to 0.715, 
but these are strongly influenced by a small number 
of large rivers. In all cases when the 5 largest rivers 
(Amazon, Ganges, Brahmaputra, Yangtze and 
Mississippi) are removed, R goes down (Figure 2E-
H) and the slope of the line changes significantly. The 
slope of the regression line for the Hovius (1998) 
algorithm is closest to 1 (predicted = observed) at 
1.16 whereas the slope of the regression line for the 
Ahnert (1970) algorithm is 2.02. The slopes of the 
regression lines for the other algorithms fall between 
these values. The values of R appear to suggest a 
relatively good correlation between calculated and 
observed yields, but there is still a large scatter in the 
yields calculated using all algorithms, which fall 
above and below the regression lines. Algorithms 
which use many parameters, for example, that of 
Hovius (1998) appear to be slightly better predictors 
of yields than those with few parameters, for 
example, that of Milliman and Syvitski (1992). 
 
 
It could be argued that a global algorithm is always 
likely to be a poor predictor of sediment yields, and it 
might be better to estimate yields based on algorithms 
which are applied to limited regions. Milliman and 
Syvitski (1992) formulated an algorithm with a 
similar general form but different parameters for 
different regions of the world (Table 1). A SE Asian 
dataset consisting of 8 rivers (Brahmaputra, Ganges, 
Fly, Irrawaddy, Mahakam, Mekong, Sepik and Chao 
Phraya) was extracted from the Hovius (1998) dataset 
to assess how well the four algorithms estimate yields 
for SE Asia only. The results are displayed on Figure 
3A-D. These show that the scatter is less than for the 
global dataset and the R values calculated are 
improved, and range from 0.62 to 0.85. Although 
there are only 8 rivers in the dataset the algorithms 
appear to predict sediment yields for SE Asia alone 
reasonably well. 
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Figures 3A and C show that for the 8 rivers, the 
observed and predicted sediment yields calculated by 
the Ahnert (1970) and Hovius (1998) algorithms are 
on average close. Although there is scatter in the data 
the regression lines derived from the Ahnert (1970) 
and Hovius (1998) algorithms for the SE Asia subset 
show a good agreement between predicted and 
observed yields. However, the Ahnert (1970) 
algorithm underestimates sediment yields for all 
basins except 2, whereas the Hovius (1998) algorithm 
overestimates yields for the 4 small river basins. Point 
C on Figure 3C shows that the Hovius (1998) 
algorithm significantly overestimates the sediment 
yield of the Fly River. This is because the Fly River 
has an exceptionally high runoff value. Figure 3D 
shows that the Milliman and Syvitski (1992) and the 
Hay (1998) algorithm both tend to underestimate 
yields for the 8 rivers on average. However, the 
Milliman and Syvitski (1992) algorithm shows a 
much better relationship between observed and 
predicted yields if the two largest rivers (Brahmaputra 
and Ganges) are excluded, although this algorithm 
tends to overestimate yields of smaller rivers. In 
contrast, the Hay (1998) algorithm significantly 
underestimates the yields of the 4 smallest rivers. This 
is largely a consequence of the 200m erosion base 
level chosen by Hay (1998) to fit best the global 
dataset. Lowering the base level increases the 
predicted yield of the smaller rivers. 
 
The Milliman and Syvitski (1992) global dataset 
included 280 river basins which were subdivided into 
five categories based on the maximum elevation 
within the hinterland: high mountain (headwaters at 
elevations > 3000m), mountain (1000-3000m), 
uplands (500-1000m), lowlands (100-500m) and 
coastal plain (<100m). They then estimated different 
constants for their algorithm based on both elevation 
and region of the world. Table 1 lists only the 
constants for SE Asia. Milliman et al. (1999) 
described an algorithm for SE Asia and Oceania (S = 
5.3A0.62 where S is sediment load in 106t/yr and A is 
area of the drainage basin in 103km2) which is 
modified from the Milliman and Syvitski (1992) 
algorithm and based on a subset of the Milliman and 
Syvitski (1992) sediment yield data. This subset 
included 31 rivers draining parts of mainland Indo-
China (Changjiang, Ganges, Bramaputra, Mekong, 
Zhujiang, and the Irrawaddy), 16 Taiwanese rivers 
(Taan, Layang, Tachia, Peinan, Tanshui, Choshui, 
Kaoping, Linpian, Potzu, Tungkang, Pachang, 
Houtung, Touchien, Tsengwen, Huallien and the 

Hsiukuluan), 2 rivers from Papua New Guinea (Purari 
and Fly), 6 rivers from Indonesia which are all from 
Java (Cimanuk, Citamandy, Cimuntur, Cilutang, 
Cijolang and Solo), and 1 from the Philippines 
(Agno). The algorithm omits all basins with a 
maximum elevation of less than 1000m and a runoff 
less than 500 mm/yr as they are insignificant in terms 
of sediment yield (Milliman et al., 1999). Figure 3E 
shows observed yields plotted against calculated 
yields for the Milliman et al. (1999) dataset. The 
correlation coefficient calculated is higher (R = 0.88) 
than any of those calculated above. However, there is 
still much scatter in the data, and many of the smaller 
rivers plot below the regression line. This algorithm 
generally overestimates the yields of small rivers. 
 
This evaluation of sediment yield algorithms suggests 
that: 1) No algorithm is a particularly good predictor 
of sediment yields for all basins of the world. 2) The 
predictive ability of global algorithms is strongly 
influenced by a few large rivers. The slope of the 
regression line between observed and predicted yields 
changes with the removal of these rivers, and the 
correlation coefficient declines. 3) The global 
algorithms do show a better correlation between 
observed and calculated yields when applied to SE 
Asia alone, although this may partly reflect the small 
size of the data set (8 rivers). 4) The Milliman et al. 
(1999) algorithm for SE Asia alone has a larger data 
set (31 rivers) and achieves a slightly better 
correlation between observed and predicted yields, 
although again there is much scatter. 
 
 
However, even the 31 rivers selected by Milliman et 
al. (1999) may not be representative of the entire SE 
Asia region. Most rivers are from Taiwan and Java. 
Taiwan is a small island (36 000 km2), and Java is 
larger (128 000 km2), but both are much smaller than 
the major islands of the region such as New Guinea 
(801 000 km2), Borneo (746 000 km2) and Sumatra 
(455 000 km2). Both Taiwan and Java have a strongly 
monsoonal climate, are heavily populated (population 
densities of 613 persons/km2 and 2070 persons/km2 
respectively), and are intensively cultivated. There are 
few rivers from the tropical ever-wet regions such as 
New Guinea and Borneo, which are the second and 
third largest islands in the world, with very low 
population densities (11 and 17 persons/km2 
respectively). Both islands are dominated by large 
areas of tropical rainforest and remain largely 
uncultivated (CIA, 2002). 
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It is difficult to know and quantify the impact of man 
on sediment yields. Milliman and Syvitski (1992) 
suggested that although the present flux of sediment 
to the sea is approximately 20 × 109 t/yr, the 
discharge 2000 years ago, when the human 
population was small, may have been only half as 
much. None of the algorithms take into account the 
human impact on sediment yield. Nonetheless, 
recognising the possible imperfections of the 
algorithms, we used those of Ahnert (1970), Hay 
(1998), Hovius (1998) and Milliman et al. (1999) to 
estimate sediment yields from SE Asia. We omitted 
the Milliman and Syvitski (1992) algorithm and used 
the Milliman et al. (1999) algorithm instead since it is 
based on a similar dataset. 
 
APPLICATION TO SE ASIA 
 
Sediment yields were calculated for a total of 650 
basins and for the main island groups of SE Asia. For 
each of the algorithms the important variables can be 
extracted from publicly available maps, literature and 
Digital Elevation Models (DEM), for example, 
elevation parameters and drainage basin areas. This 
therefore lends itself to a GIS approach because the 
calculations can be performed rapidly for a large 
number of basins, and automated. The HYDRO1K 
database and associated DEMs were used. The 
HYDRO1K database was developed by the United 
States Geological Survey (USGS) and is available 
from the Earth Resources Observation Systems 
(EROS) data centre. It is derived from GTOPO30, the 
30 arc second global DEM. The database provides a 
suite of georeferenced raster and vector files that are 
hydrologically correct at a resolution of 
approximately 1 km2. The Australasian and Asian 
datasets cover the region of SE Asia and Oceania. 
The DEMs use a Lambert Azimuthal Equal Area 
projection to aid calculations. Drainage basin outlines 
for Borneo from the HYDRO1K database were 
compared with drainage basin outlines that had 
already been hand-digitised from recent 1:250,000 
Indonesian and Malaysian topographic maps. The 
agreement between the two was excellent. The 
streamlines and basin files were edited in MapInfo, to 
leave only the HYDRO1K basins in the region of 
interest in Australasia and Asia, and also to remove 
all basins smaller than 100 km2 and of low relief. The 
DEMs and vector files were imported into ER 
Mapper to calculate basin statistics such as basin area 
and maximum, minimum and average elevations. The 
area and elevation data calculated in ER Mapper were 

exported into Excel in order to calculate the sediment 
yields using the chosen algorithms. 
 
Estimated Sediment Yields from SE Asia 
 
For New Guinea the estimate of sediment yield 
calculated using the Milliman et al. (1999) algorithm 
and the GIS approach outlined above was compared 
with estimated sediment yields calculated by 
Milliman (1995). The total sediment yields calculated 
are very similar, 1756 × 106 t/yr and 1671 × 106 t/yr 
respectively (Figure 4). Since the algorithms used are 
similar this is not surprising, but it does give some 
confidence that the estimates based on the 
HYDRO1K basin outlines (200 basins) from the 
GTOPO30 DEM are similar to those from hand-
digitised basin outlines (253 basins). It is noticeable 
that the Milliman (1995) map shows far more small 
basins near the coast of New Guinea than the 
HYDRO1K dataset, but much fewer and much larger 
basins in the interior of the island. It is not clear why 
there is such a difference but this may reflect the 
quality of topographic maps compared to the 
GTOPO30 DEM. 
 
 
For the SE Asian islands shown on Figures 5 and 6 
the total sediment yields calculated using the selected 
algorithms are as follows: 

 
Ahnert (1970) = 422 x 106 t/yr 
 
Hay (1998) = 1549 x 106 t/yr with an  
  erosion base level of 200m 
 
 = 2303 x 106 t/yr with an  
  erosion base level of 100m 
 
 = 2800 x 106 t/yr with an  
  erosion base level of 0m 
 
Hovius (1998)  = 5363 x 106 t/yr 
 
Milliman et al. (1999) = 5173 x 106 t/yr 
 
Clearly, the Ahnert (1970) algorithm predicts 
sediment yields that are significantly smaller than all 
the other algorithms. This is because this algorithm 
tends to underestimate sediment yields for small river 
basins which are the majority in SE Asia. As noted 
above, it was based on a small dataset derived from 
large mid-latitude drainage basins and should 
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probably not be applied to SE Asia which is 
dominated by small equatorial drainage basins. 
Ahnert (1970) calculated average elevation from a 
grid of 20 x 20 km squares whereas for the 
HYDRO1K dataset this is calculated for a grid of 1 x 
1 km squares. In global terms the total yield 
calculated is consistent with the total land area (2% of 
global yield estimated to be produced from 2% of 
total land area). 
 
 
More recent algorithms consider more factors such as 
basin area, climatic variables and different 
topographic regions and all predict much greater total 
yields. The Hay (1998) algorithm predicts the lowest 
yields (Figure 5), although this increases if the 
erosion base level of 200m is lowered. As noted 
above, the effect of the 200m erosion base level 
chosen by Hay (1998) to best fit the global data set is 
to underestimate the yields from small basins. This is 
particularly important in SE Asia where the average 
elevation of small basins is relatively low. As shown 
above, the yields predicted for small basins are very 
sensitive to the erosion base level chosen. Reducing 
the erosion base level to 100m increases the sediment 
yield by about 50% and reducing it to 0m almost 
doubles the estimated yield. A further reason why this 
algorithm predicts lower sediment yields than the 
other two is that it uses mean elevation of the 
drainage basin instead of maximum elevation. Mean 
elevations for most published data sets were probably 
derived for coarse grids (e.g. Ahnert, 1970) whereas 
the mean elevation calculated from the HYDRO1K 
dataset is a good estimate, but may be a lower value 
than mean elevations listed in the Hovius (1998) 
compilation which were taken from data which 
predate global digital topographic data sets. 
 
 
The effect of using maximum elevation is to increase 
the yields of small mountainous rivers, which was the 
point emphasised by Milliman and Syvitski (1992). 
As noted above, both the Hovius (1998) and Milliman 
et al. (1999) algorithms appear to overestimate the 
yields of small rivers and both estimate large yields 
for SE Asia. For New Guinea and Borneo the Hovius 
(1998) algorithm predicts the larger yields, but for 
Sumatra, Philippines, Malay Peninsula, Sulawesi, 
Java, Nusa Tengarra, Halmahera and Bacan the 
Milliman et al. (1999) algorithm predicts the highest 
yields (Figure 6). However, both these algorithms 
predict similar totals for SE Asia as a whole. 

DISCUSSION 
 
Current estimates of total global sediment discharge 
are approximately 20 × 109 t/yr or less. Despite the 
differences between the yields predicted by recent 
algorithms the totals are all globally significant. 
Using the lowest estimate the Hay (1998) algorithm 
(Figure 5) predicts that SE Asia is supplying between 
10 and 15% of the sediment entering the world’s 
oceans. The Hovius (1998) and Milliman et al. (1999) 
algorithms (Figure 6) suggest that SE Asia is 
discharging approximately 25% of the total sediment 
to the world’s oceans. Compared to other large 
drainage basins such as the Ganges and Brahmaputra 
which drain the Himalayas, yielding approximately 
2137 × 106 t/yr (Einsele, 1992), and the Amazon, La 
Plata and Orinoco which drain the Andes, with yields 
of approximately 1300 × 106 t/yr (Hovius, 1998), SE 
Asia is clearly a region of great importance for 
sediment input to the world’s oceans. 
 
There are numerous possible reasons why SE Asia 
produces so much sediment. They include climatic 
influences, tectonic setting, regional topography, 
lithologies and human impacts. SE Asia experiences 
extremely intense precipitation causing periods of 
rapid runoff leading to intense erosion of the surface. 
This, combined with recent rapid uplift and dramatic 
changes in elevation, for instance the central 
mountains of New Guinea, leads to high volumes of 
sediment. Currently, there are few published data 
from the ever-wet parts of the region but studies of 
New Guinea rivers (Markham, 1992; Pickup et al., 
1981) show extremely large yields. Similar high 
yields are reported from northern Borneo (Staub et 
al., 2000; Staub and Esterle, 1993). Short-term studies 
by hydrologists show that most of the annual 
sediment load carried by SE Asia rivers is produced 
in a few days each year during extreme events 
(Douglas et al., 1999) and it is likely that this 
relationship can be extrapolated over longer periods 
(the 100 year storm may produce as much sediment as 
all the other storms in the 100 year period). All these 
factors are compounded by human impacts, for 
instance large scale deforestation in northern Borneo 
and intense agriculture and urbanisation on Java as 
discussed by Douglas (1999). 
 
Although present-day yields may have been increased 
by human activity in the past, sediment supply has 
also been high. There have been few studies of long-
term sediment yields but these (Hall and Nichols, 
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2002) show that the Neogene sediment volumes 
imply rates similar to estimates of current sediment 
yields. The amount of sediment derived from Borneo 
in the Neogene is about one third of that eroded from 
the Himalayas during the same period, indicating 
similar denudation rates per unit area. This is 
unexpected considering the area and elevation of the 
Himalayas. If present rates of sediment supply can be 
extrapolated back into the past for millions of years, 
these estimates imply that all the sedimentary basins 
of the region could have been filled from local 
sources and there is no need to assume significant 
input from Asia. It is often assumed that SE Asian 
basins were filled with sediment supplied from 
erosion much further north in Asia following Indian 
collision (e.g. Métivier et al., 1999). However, local 
sources are significant and recent work has cast doubt 
on a long history of erosion in Asia supplying 
sediment to the south (Clark, 2003). The modern 
Tibetan Plateau significantly affects upper 
atmosphere circulation and strengthening of the South 
Asian monsoon at about 8 Ma may indicate 
significant uplift of the Tibetan plateau. 
Thermochronological study of major Tibetan river 
gorges reveal cooling ages consistent with rapid river 
incision between 7 and 13 Ma (Clark et al., 2003). 
The beginning of influx of sediment prograding onto 
the Vietnam margin from the Mekong delta is about 6 
Ma. It now seems likely that older river systems from 
Asia did not deliver sediment to the Sundaland region 
before the late Miocene, consistent with new evidence 
from provenance studies in north Borneo indicating 
local derivation for offshore deep water sediments 
(van Hattum et al., 2003). 
 
However, these observations simply pose different 
questions. Why have such high rates of sediment 
yields been maintained for long periods? Attempts to 
estimate controls on sediment fluxes to the oceans 
(e.g. Hay, 1998; Ludwig and Probst, 1996; Milliman 
and Syvitski, 1992; Summerfield and Hulton, 1994) 
indicate rainfall, runoff, elevation and relief may be 
factors, although the rate of sediment supply and the 
nature of the material are determined by complex 
interactions between rock uplift, weathering, erosion 
and downslope transport to the river (Hovius, 1998). 
Sundaland has been close to its present position 
crossing the equator throughout the Cenozoic. There 
is evidence of a change from an Oligocene drier 
climate to a wetter Neogene climate (Morley, 1998; 
Morley, 2000), and although parts of the region such 
as Borneo remained ever-wet throughout the 

Neogene, areas north and south of the equator, such 
as Sumatra, Java and Indochina developed a 
monsoonal, highly seasonal climate by the Pliocene.  
 
However, although precipitation and runoff may have 
changed during the Cenozoic, climate alone cannot 
account for high sediment fluxes, and relief must be 
maintained. High long-term sediment yields imply 
important tectonic activity over a prolonged period of 
the Cenozoic. 
 
CONCLUSIONS 
 
The most important conclusion, based on currently 
available data, is the great need for more high quality 
information on sediment loads of SE Asian rivers, 
particularly in under-represented regions such as New 
Guinea and Borneo, the second and third largest 
islands of the world. Current estimates of sediment 
yields for SE Asia and the West Pacific are reliant on 
a small number of rivers from areas which may not be 
representative of the region as a whole, such as 
Taiwan, Java and Indochina. Nonetheless, estimates 
of sediment yields based on recent algorithms 
strongly suggest SE Asia is a region of very high 
productivity which is surprising for a region which is 
not unusually topographically elevated. The controls 
on the high yields are still the subject of debate and 
may include climate, topography, lithologies and 
human impacts. However, the present high yields 
appear to be similar to rates of sediment production 
estimated over much longer periods in the Cenozoic. 
There is no need to look to Asia as a source of 
sediment to explain the volumes of fill in SE Asian 
basins, and there is increasing evidence that SE Asian 
basins were filled from local sources. The high 
sediment yields in the long-term imply important 
tectonic activity over a prolonged period of the 
Cenozoic and for areas like the Sunda Shelf the 
sediment volumes emphasise the dynamic character 
of this region, in contrast to the stability which is 
often assumed or implied. 
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TABLE 1  

 ALGORITHMS USED TO CALCULATE SEDIMENT YIELDS 

 
 Sediment Load (S) = 

1. Ahnert (1970) A [ D × d × 103] where  D = Have × 0.1535 × 10-6 

2. Hay (1998) A (Have - Bs) × kms 

3. Hovius (1998) A ×Y  where 

InY = -0.416lnA + 4.26 ×10-4Hmax + 0.15T + 0.09Trange + 0.0015R + 3.585 

4. Milliman & Syvitski (1992) A × Y where   Y = c × Aƒ  and ƒ & c vary for different elevations as listed below 

 Maximum Elevation of Drainage Basin c ƒ  

 >3000m 280 -0.54  

 1000-3000m 210 -0.46  

 500-1000m 12 -0.59  

 100-500m 8 -0.34  

 <100m 5 -0.20  
 
 Key 

 S Sediment Load (t/yr) T Mean annual temperature (°C) 
 Y Sediment Yield (t/km2/yr) Trange Annual temperature range (°C) 
 A Area of drainage basin (km2) R Runoff (mm/yr) 
 D Denudation rate (mm/yr) d Density of rock 
 Have Average elevation of the drainage basin (m) Bs Erosion base level (ebl) 
 

Hmax Maximum elevation of the drainage basin (m) kms Constant describing change in rate of erosion 
with elevation (0.0003 kg m-2 m-1yr-1) 
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Figure 1 - Location of study area. Bathymetry is from the GEBCO digital atlas (IOC et al., 1997). Bathymetric contours at 200, 2000, 4000 and 

6000m.  
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Figure 2 - Observed versus calculated sediment yields for the selected algorithms discussed in the text. The data 

set consists 95 major rivers (Hovius, 1998). Graphs A-D show the relationship between observed and 
calculated yields for the four algorithms for the entire data set. Graphs E-H show the relationship 
after the 5 largest rivers have been removed.  
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Figure 3 - A to D: Observed versus calculated sediment yields for the selected algorithms discussed in the text. 

The data set consists of 8 rivers draining SE Asia from the global data set (Hovius, 1998). The solid 
line indicates the correlation between calculated and observed yields. The line of observed = 
calculated yield is shown by a dashed line. The eight rivers are: a – Chao Phraya (Thailand), b – 
Mahakam (Borneo), c – Fly (New Guinea), d – Sepik (New Guinea), e – Mekong (Thailand), f – 
Irrawaddy (Burma), g – Brahmaputra (Bangladesh), and h – Ganges (Bangladesh). E: Observed 
versus calculated yield based on 31 rivers draining SE Asia from Milliman et al. (1999). 
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Figure 4 - Sediment yields calculated for individual basins draining New Guinea. A: Basins in the HYDRO1K 

data set. B: Sediment yields calculated using the GIS approach. C: Sediment yields calculated by 
Milliman (1995). 
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Figure 5 - Total sediment yield from SE Asia calculated using the Hay (1998) algorithm (ebl = 200m) is approximately 1549 × 106 t/yr. 
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Figure 6 - Total sediment yield from SE Asia calculated using the Milliman et al. (1999) algorithm is approximately 5173 × 106 t/yr. 


