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Rivers are rather like the high-voltage transmission lines that cross the landscape. Just 
as power lines transport the energy produced at power stations, which is then trans
formed into work by its use, so too are rivers transporters of energy. The river ga ins its 
energy from the head derived from the elevation difference between its upper a~d 
lower reaches-a change from potential to kinetic energy. The water in its channel, 
along with its sediment load, transforms this energy into work, which in turn produces 

fluvial landforms along the entire length of its channel. The combination of water and 
sediment is what makes rivers geomorphological agents. Water is an essential agent of 
sediment transport, and the fluvial landforms derived from these sediments create a 

riverine environment in which the river is dynamically adjusted. 
Rivers are central to several major disciplines. In hydrology, rivers are the collec

tors of all precipitated water that is not lost to evapotranspiration or aquifers, the 
primary surface expressions of the hydrological cycle, apart from lakes. The nature of 
river flows, including the size and magnitude of floods, the distribution of flows 
through time, and their relationship to the sources of influent flow (stonn runoff and 

groundwater flow), are the domain of the hydrologist. Engineers also have a major 
interest in, and influence on, rivers because of society's need to manage rivers-for 

example by erecting stopbanks to prevent flooding, realigning channels to improve 
their hydraulic efficiency, constructing dams to impound water, and building bridges 
to facilitate cross-river access. 

It is therefore not surprising that rivers are a major field of geomorphological 

study. They are studied as part of the general development of landforms as well as 
process environments of particular interest. These studies have now been integrated 
to give a much clearer picture of the geomorphological role of rivers in the creation of 

fluvial landforms, in addition to more general landform and landscape development 
(Mosley & Duncan 1992). 

The area that contributes water and sediment to a river is known as its catchment 

and is bounded by a perimeter called its watershed (Figure 14.1). The catchment is an 
open system where energy inputs from the atmosphere and the relief are transferred 
through the system and become outputs measurable as work. This work gives rise to 
the attributes of the fluvial system that we know by such terms as the longitudinal 

profile, the network, channel pattern, channel cross-sectional shape and form, the 
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character of the bed and bank sediments, the source and residence time of sediments, 
and the flood-plain sedimentary system and its assemblage of landform features. 

Nevins (1 965) classified New Zealand rivers as hav ing four phases: an upper 
moun tain , or torrent, phase; a gravel phase extend ing out onto the plains; a sil t/sand 

Figure 14.1 The attributes of a fl uv ial system includes t he river and t he catchme nt it d,-a ins, the present channel, 
and flood plain, as we ll as features of earlier t imes such as river te rraces. 

Ocean 

Gravel outwash { 

Tertiary mudstone / 
and limestone 

PHASES CHANNEL 
SLOPE 

Mountain/torrent Steep >0.01 

Gravel Moderately Steep 
0.005-0.Q1 

SilVsand Low 
0.0001-0.005 

Tidal Nil 
Controlled by 

tidal range 

CHANNEL 
PATTERN 

Controlled by 
valley shape 

Rather st raight 
Braided 

Meandering 
Abandoned meanders 

Sinuous meanders 

CHANNEL 
CHARACTERSITICS 

• Gorges 
• Rapids, waterfalls, pools 
• Rocky 
• Channel occupies entire valley bottom 

• Single/multiple channels 
• Large width/deplh ratio 
• Wide gravel riverbeds 
• Channel composed of present-day and 

reworked sediments 

• Sand bed and silt banks 
• Abrupt transition from gravel phase 
• Moderately low width/depth ratio 
• Channel migration over a wide flood plain 
• Former channels now remain as cut-off 

meanders 

• Deep, narrow channels 
• Low width/depth ratio 
• Widens to estuary near coast 
• Channel bottom below low-tide level 
• Influenced by tidal movement and 

salVfresh water mixing 

Figure 14.2 The channe ls of major r ivers in New Zealand can be categorised in to phases, each w ith features 
typ ical of that phase . (After Nevins 1965) 
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phase with meandering courses; and a tidal phase adjacent to the coast. In this discus
sion of the river's geomorphological role, it will be treated as an entity ex tending from 
its headwaters, usually in an inland and upland area, through its lower course to its 

mouth at the coast (Figure 14.2 ). Mosley (1987, 1992) also classified rivers along 
similar lines. 

How a river does its work 

The principle tasks of mountain rivers are downcutting and the transport of sediment 
supplied from hillslopes by various mass-wasting processes (Pearce 1989; Trustrum et 

at. 1999). Mountain rivers are generally constra ined within their courses by the hill 
slopes flanking them. Most of the potential energy derived from the difference in e le
vation along the course is dissipated through turbulence, but what remains is directed 

towards the work of downcutting, or lowering of the bed. Downcutting also involves a 
certain amount of slope undercutting, and this ultimately reduces the strength of the 
adjoining hillslopes, lead ing to their collapse as slumps, slips, or falls (Beschta 1983) . 

As well as having to transport this material along its course and out of the system, the 
trunk stream is also supplied by tributaries with sed iment that has been derived by flu 

vial processes such as gully or sheet eros ion. The net result is that mountain rivers gen
erally have a substantial sediment load that is easily mobilised because of the steep 
channel slope (Mosley 1978; Hayward 1979). These rivers are often characterised by 

huge blocks of material that can only be shifted, even a short distance, by exception
ally large flood events , which might occur as infrequently as once in a thousand years 
or so. However, smaller-s ized material is constantly being shifted downstream in much 

more frequent events (Adams 1979; Duncan 1987 ). 
If the supply of sediment exceeds the ability of the river to transport it, aggrada

tion (the build-up of sediment in the channel) takes place and the primary work of the 

river changes from downcutting to the reworking of its channel deposits. Aggradation 
may also take place in mountain rivers because of a decrease in river flows. The diver
sion of water out of a catchment, reduced runoff from land-use changes such as 

afforestation, or even longer-term changes such as a reduction in precipitat ion can all 
lead to aggradation. 

Where mountain rivers flow out of constricted channels onto plains, the change 
in the energy conditions leads to a sudden loss of transporting power, usually because 
the channel is no longer confined (Davoren & Mosley 1986 ). If there is an elevation 
difference at this point, an alluvial fan may be formed by the channel constantly 

changing its position, seeking always to find a steeper pathway along which to more 
easily transport its sediment load. Maintaining channel stab ility on alluvial fans is a 
very difficult task because the very nature of a fan implies channel instability. In areas 
where there is a very high output of sediment and where a number of rivers debouch 

from the mountains, rivers build a series of coalescing fans, where the boundary of 
each fan is virtually indistinguishable from the other. The Canterbury Plains are an 
example of coalescing fans, incorporating the sediments of at least seven major rivers 
flowing from their mountainous Catchments in the Southern A lps (Figure 14.3) 
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(Wilson 1985). Most of New Zealand's coasta l lowlands were built by gravel-phase 
rivers during the Pleistocene period (>16000 years BP), and the low- lying alluv ial 

plains and estuaries were developed in the Holocene «6000 years BP). The rivers 
carried large quantities of coarse sediment from the adjoining mountains, dumping it 

in valleys or on broad coalesc ing alluvial fans. This process has constructed the Can
terbury Plains, even joining what was a volcanic island to the main land as Banks 
Peninsula. The various outwash sequences reflect changing sediment and water out

puts resulting fro m changes in climate. 
The mountain front represents the normal boundary between the mountain 

phase and the gravel phase, although in major rivers the grave l phase may ex tend into 
the mountains. Rivers like the Rakaia now occupy fonner major glac ial troughs and 
have wide, multi-channel (braided) grave l beds, indicating that they are oversupplied 

with coarse sediments (G riffiths 1979b). This is the most efficient means of transport
ing coarse material because the slope adj usts to a steepness sufficient to transport the 

coarsest material within it. The gravel phase of New Zealand rivers is usually found on 
the aggradation plains built by rivers during the co ld phases of the Pleistocene. Their 
slopes are steep enough to still ensure the maintenance of the grave l phase (Griffiths 
1980; Carson 1984; Carson & Griffiths 1987 ). 

(a) 

(b) 
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Figure 14.3 Schematic illustration of (a) the structu re of coastal plains created by large braided rivers. and (b) 
main landscape features of the Canterbury Plains. 
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Once the rivers reach the margins of the former Holocene high sea level 

(6000-8000 years BP), their courses take on a much more sinuous character in what is 
termed the silt/sand phase (Heerdegen & Shepherd 1992 ). The work of rivers here is 
quite different. While there is a supply of sediment from the mountains, the river will 

continue to transport some of that through its channel. But the river now finds itself 
with much less energy because the channel slope decreases to a point where an equi
librium is established between the energy required to transport the quantity and size of 

its sed iment load and yet maintain hydraulic efficiency in the channe l. Furthermore, 
most of the sed iment that a pla ins river transports is obtained from its bed and banks, 

and not from its upper catchment. The channel will now meander, developing bends 
of similar radius and amplitude with a relatively constant channel width. Over time, 
lateral channel migration takes place, with the consequent production of features such 
as abandoned meanders (oxbow lakes) and back swamps. 

Most rivers are subject to tidal influences within a few kilometres of the coast, 
although on large rivers like the Whanganui and Manawatu this influence can ex tend 

a sign ificant distance upriver. However, the geomorphological effect is only significant 
adjacent to the coast, where the creation of an estuary system produces a complex 

interaction of river flows and tidal inundation, with equally complex sedimentary 
transport processes (see C hapter 16). The size of the estuary is dependent not only on 
the size of the river, but a lso on the coastal environment. Rivers on high-energy 

coasts, like the Whanganui/Manawatu, have small estuaries, while those on low
energy coasts, like the harbours of Northland and the Bay of Plenty, have large estuar
ies. Rivers whose grave l phase extends to the coast, like the Otaki and Hutt, have 

little or no estuary development. 
Each of these river system phases displays characteristics that are both typical and 

predictable because of the very close inter-relationship between the supply of sedi
ment and water and how the river internally adjusts to ensure that the load is trans
ported from the mountains to the sea. 

The channel as a hydraulic system 

Water flowing in a channel is subj ect to a number of forces, the major one being that 
of grav ity, t~1e propelling force that causes water to flow. Gravity, of course, operates 

perpendicular to the horizontal , and most of this force keeps the water confined to the 
channel. However, because of the elevation difference, some of that grav ity force is 
used in channel flow. Most of this potential energy is lost as kinetic energy through 

turbulence but what little remains becomes the engine of the river-the flow of water. 
Like all moving objects, rivers are subj ect to a force that is counter to the pro

pelling force. Frictional drag occurs where the water is in contact with the bed and 
banks. If these sutfaces are smooth, such as in a concrete- lined channel like the PoutLI 

Canal, which transfers water from the Tongariro River to Lake Rotoa ira, the frictional 
drag is extremely low. In natural channels with stony bottoms and tree-lined banks, 
the frict ional drag is considerably greater. Hence the same vo lume of water will flow 
cons iderably faster in the canal than it wi ll in a natural river. 
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There is a saying that 'still waters run deep' . This suggests that a river that appears 
not to be running swiftly and has a still surface is in fact deep and flowing quite swiftly 

beneath the surface. While it appears to be much slower than a mountain stream gush
ing over a bouldery bed, the rea lity is that its average velocity is faster. This is because 

of friction-or rather, the lack of it. A river that is, say, 20 m wide with an average 
depth of 5 m has a cross-sectional area of 100 m2 and a wetted perimeter (bed width + 

depth of both sides) of 30 m (Figure 14.4a). A nother river with the same cross-sectional 

area but a width of 50 m and an average depth of 2 m will have a we tted perimeter of 
54 m (Figure 14.4b). This larger wetted perimeter means a much greater frictional 

drag and, consequently, the wider river will flow much more slowly than the narrower 
rive r. 
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X Sect. Area WP(m) R(m) S(mm·l) Manning's V(ms-1) Q(m3s·1) 

(m2) n 

100 30 3.3 0.001 0.03 2.32 232 

100 54 1.85 0.001 0.03 1.58 158 

Figure 14.4 A comparison of an idealised deep river (a) and a wide river (b) of equal cross-sectional area , 
showing the effects of increased friction in reducing ve locity and discharge . WP is wetted perimeter. with other 
symbols defined in the text. 

The relationship between the propelling forces and the frictional forces in a 
channel is described by an equation, originally derived by C hezy and later modified by 

Manning, that states that ve loc ity is proportional to the rat io of propelling forces to 
frictional forces: 

where V = veloc ity (m3 s- I) , R = hydraulic radius (cross-sectional area / wetted 

perimeter which in turn is more-or- less equiva lent to mean depth ), S = the slope of 
the water surface (propelling force ), and n = Manning's frictional coeffic ient (which is 
low for smooth channels and high for channels with rough bed and banks) . 

If the two channels are compared again (Figure 14.4), assuming the channel slope 
is 0.001 m nrl, the deep river (a) has a hydraulic radius of 3.3, the sha llow river (b) 

1.85. Even assuming that the roughness coeffic ient is the same, say 0.03, the difference 
in velocity between the two rivers is: 

Deep river (a) 

Wide river (b) 

V = 3.3 66 
X 0.001.5 X 0.03'1 

= 2.32 m S-l 

V = 1.85 66 
X 0.001 .5 X 0.03-1 

= 1.58 m S-l 

If Manning's coefficient is increased to 0.04 (a rougher channel bounda ry) for the 
wide river (b) , the velocity will decrease to 1.18 m s-I. So the shape of the channel 
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(which is expressed in the hydraulic radius), the slope, and the frictional drag of the 
channel perimeter are the major determinants of the velocity. 

The rate of streamflow (or discharge) can also be calculated using what is known 

as the equation of continuity: 

Q=A.V 

where Qis discharge in m3 s-l, A is the cross-sectional area in m2 of the water in the 
channel, and V is average stream velocity in m s-l. 

Since A = tv (channel width) times d (average channel depth), the equation can 
also be written as: 

Q =w.d.V 

In the example above, since the cross-sectional area is the same for both the wide 
and narrow channels (100 ml), then the discharge in the narrower channel (a) is 
much greater (232 m3 s-l) than in the wider channel (b) (158 m3 s-1 ).It falls to 118 m3 

s-1 in the wider channel (b) if the roughness coefficient, n, is increased from 0.03 to 

0.04. 
If the two rivers had equal discharges, then the velocity of the wide river (b) 

would be considerably greater to counteract the greater frictional drag in its channel. 
For a higher velocity to be achieved, it is likely that the river would need a steeper 
slope, and herein lies the key. Rivers adjust their channel characteristics to optimise 

the amount and calibre of the load they carry. Hence wide, shallow rivers have greater 
frictional drag and, consequently, have steeper slopes, usually as a result of being sup

plied with an excess of sediment, much of which is too large to be transported except 
in infrequent high discharges. 

The rivers of the Canterbury Plains are very typical of such systems. Their bed 

slopes are steep and the beds of the rivers consist of a number of channels that contin
ually diverge and converge in what is known as a braided pattern. The river beds are 
wide, with a very high width/depth ratio, and the bed material is coarse. By contrast, a 

river such as the lower Manawatu has large sinuous meanders, a low width/depth ratio, 
a very low, almost non-existent bed slope, and has bed sediments that are no coarser 
than sand, even though upstream the river has a mixed sand and gravel bed (Page & 
Heerdegen 1985). 

This ability of a river to adjust its form to maintain the transport of sediment is 
expressed as stream power (0): 

O=yQs 

where y is the specific weight of water, Qis the discharge, and s is the channel slope. 
This relationship shows the direct importance of discharge (which has a velocity 

component incorporated in it) and slope to the work (or energy required) to transport 

sediment. Of course, if slope or discharge changes, then the rate of work changes. This 
in turn affects the rate and calibre of sediment transport (Jowett & Hicks 1981; Hicks 
& Griffiths 1992). 
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Channel pattern holds the key 

Rivers exhibit a wide range of channel patterns, and pattern is the trademark of the 

river at a particular place. In the mountains, the channel pattern conforms to the val
ley form, usually one of straight ish sinuosity that mirrors the va lley form, where the 
interlocking spurs of the adjoining ridges are a major feature of the landscape. If the 

river is st ill actively downcutting, the channel will occupy most of the valley floor. 
Once downcutting starts to slow and valley widening takes place, the channel will 

begin to exhibit elements of independence from the valley and have characteristics 
that reflect the hydraulics of its system. 

Once rivers are freed of all valley constraints, such as when they flow freely across 

alluvial plains, their patterns truly reflect the parameters that interact to max imise 
their efficiency as transporters of water and sed iment. In the mountains, rivers are 

va lley-controlled whereas, on the plains or where they have alluv ial flood plains, they 
are slope- and sediment-controlled. Where the slope is steep enough, sLlch as on the 
Canterbury Plains, the channel pattern is braided-a multi-channel array of diverging 
and converging channels that max imise coarse sediment transport during higher flows 

(Figure 14.5 ). There is considerable ev idence that the sediment in these rivers moves 
in pulses or waves, sometimes for several kilometres during a flood event. The chan

nels of braided rivers occupy only a small part of the total riverbed during low fl ows 
but can widen greatly during floods. The Rakaia River, for example, has a bed that is 
nearly 2 km wide at the SH1 bridge (Figure 14.5 ). The river is unable to move out of 

its present flood plain because it is now entrenched into the plain and is bounded by 
steep terrace faces on both sides. 

Figure 14.5 The Rakaia River, one of t he major rivers flowing from the Southern Alps across the Cante rbury 
Plains, showing the characteristic braided patterns of a multi -channel river with a relatively steep slope and high 
rates of bed load transport. (Land Information New Zea land) 
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The distinction between multi -channel braided rivers and single-channel mean
dering rivers is one of sed iment load . The reduction in the ca libre of the sed iment load 

is a response to a reduction in stream power brought about by a lower slope. A reduc
tion in sediment load sees rivers gradually form single channels of more compact shape 
and sinuous pattern, as seen in Figure 14.6. The size of the meanders is a direct func

tion of the discharge, and since channel width is more or less proportiona l to the 
square root of discharge, meander radius and wavelength are also proportionally 

adjusted to discharge. The Manawatu River ceases its gravel phase at Opiki, and its 
sinuous course is typ ical of the sand/silt phase. The mouth at Foxton Beach has been 
widened into an estuary by incoming and outgoing flows regulated by the state of the 

tide, and is typical of the tidal phase. The Moutoa Floodway was constructed to 

increase the capacity of the river downstream of the floodgates during floods. 

Figure 14.6 The lower section of the Manawatu River, showing an incised meander pattern. (Land Information 
New Zealand) 

Channel pattern, then, is closely linked to sediment and slope. Mountain rivers 
have very steep slopes, and most of the material supplied to them is quickly removed 
further downstream. Once the confinement of the channel ceases, the river is over

suppl ied with sediment and is forced to maintain a gradient sufficient to ensure the 
continued movement of its bedload. Its braided channel form facilitates this (Mosley 
1982a, 1983). Further downstream, gradual reduction in sediment size and sorting of 
the bedload reduces the necess ity for a steep channel gradient and eventually the river 

wi ll develop a meandering pattern. A much larger proportion of the sediment load will 
now be carried in suspension, as ev idenced by the silt and fine sand comprising the 

banks. 
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Downstream changes 

There are five hydraulic parameters that interact in response to changes in water and 

sediment discharge. These are channel width, depth, slope, roughness, and velocity. 
Since rivers generally increase their discharge downstream as a resu lt of the contribu

tion from tributaries and influent groundwater flow, downstream changes in a river's 
form resu lt from increases in discharge. In a downstream d irection, the channel slope 
gradually declines, reflecting the reduction in the size of particles that make up its bed. 

Both width and depth increase and, surprisingly, so does velocity, though only slightly. 
Four phases of sediment characteristic are evident in the Manawatu River, for example 
(Figure 14.7). 
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Figure 14.7 The longitudinal profile of the Manawatu Rive r, showing a gradual reduction in channel s lope 
accompanied by a reduction in bed-sediment size . The four types of phases are clearly identifiable, interrupted by 
the backwater effects upstream of the Manawatu Gorge . 

The puzzle here is why should velocity increase? A declining slope would suggest 
a decrease , but the reduced frictional drag caused by much lower bed and bank rough

ness and a greater ratio of water volume to wetted perimeter improves the hydraulic 
effic iency. In rivers like the lower Manawatu, the bed of the river is below sea level 

many tens of kilometres upstream of the mouth, and yet the river still continues to 
flow, such is the efficiency of the channel. Of course, the river backs up during the 
incoming tide and then has a considerably greater volume of water to discharge on the 

back of the outgoing tide, thus providing it with sufficient head to sustain flow. The 
beds of such rivers extend many kilometres out to sea, noticeable only as small 
changes in the bathymetry on a map, but very visible when a plume of sediment-laden 
floodwater pushes through the surrounding sea water. 

Another noticeable downstream change takes place in the bed material. In the 
mountains, the sediments are angular, often with a great size range. With the transport 
of sediment downstream, two processes take place: a reduction in the size and a change 
in the angu larity of the sediments. By the time the sediments have trave lled a sufficient 

distance to the sea, they are we ll rounded and considerably smaller. However, their 
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reduction in size is not ent irely due to attri tion. The river also sorts the sediments 

accord ing to a competence related to the power available at a part icular velocity. At a 
given stream competence, all particles up to a certain size are moved, but only if they 
are ava ilable for transport. Most of the coarse material in a channel bed is moved only 

during periods of high flows. When flows decline following the flood peak, the coars
est material gradually slows its rate of movement along the bed and eventually comes 
to rest, whi le the finer material continues its movement (Thompson & Adams 1979). 

This coarse mate rial veneers the bed with a layer called the armour. During the next 
flood event, this layer requires much more stream power to mobilise it than the power 

level at which it settled. As a resu lt, major movement of the bed material does not 
take place until relatively high fl ow occurs. 

O ne interesting character istic of a lluvial sed iments is that their sediment size dis

tribution is bimodal. There is a distribution based on the mean size of the coarse 
material, and another one based on the fine material of granule and sand sizes. One 
theory suggests that as sediments approach granule size they are eas ily pulverised by 

the coarser particles during transport, rather like the process in a mill. As particles get 
smaller they also get more symmetrical in shape, and this gives them greater mobility. 

The lower reaches of rivers reflect this mobility by hav ing channels that migrate 
across the flood plain. The meanders on the Manawatu River have an average annual 
rate of bank eros ion of 6 m (Page & Heerdegen 1985). 

The drainage network 

The tributaries and trunk channels of a river system are a vast, interconnected net

work, all of which ultimately contributes to the discharge of the river as measured at 
its mouth. The size and geomorphic importance of each segment in the network is 
related to its position relative to other segments. For instance, there are those seg
ments to which no contribution of flow is made by any other segment. These are 

found around the perimeter of the catchment and smaller subcatchments, including 
areas adjacent to larger channels. 

Horton (1933) and, late r, S trahler (1964) provided a theoretical structure for 

drainage networks whereby each segment was accorded an order based on its p lace in 
the hierarchy of channels. Those segments with no contributing segments to them are 
ass igned the order (1'. Where two Order 1 segments join, the channel then becomes 

Order 2, and Order 3 where two Order 2 channels join , and so on (Figure 14.8). There 
is a strong relationship between drainage order and such parameters as the number 
and length of channels, and the catchment area of a given drainage order stream. Sub

sequent research has refined this concept, placing greater importance on the linkages 
of the segments. 

The geomorphic importance of this relationship is twofold. First, the amount of 

water in a channel is directly related to the drainage area, and this water in turn deter
mines the ability of the stream to do work. Second, the order of channels is strongly 
related to their relative spatial position with in the catchment. First-order streams, by 
their very nature, are likely to be ephemeral, steep, and lacking much ab ility to 



Figure 14.8 An example of the Horton/Strahler method of 
ordering a stream network. Peripheral streams, accorded first
order status, are the most numerous, while overall this would 
be described as a fourth-order network system. 

The Geomorphic Role of Rivers 265 

Scale (km) 

Drainage area 10Skm2 

Order1 ----
2··-- · -_···-' 
3 - ·-·-4----

transport sediment. Second- and third-order streams are likely to be intermittent, 
while larger-order streams will certainly be perennial, h ave low gradients, be able to 

transport sediment during event-generated rainfall and will be slope- and sediment
controlled, compared with the valley-controlled first- , second-, and third-order 
streams. 

Another measure of geomorphic importance is the ratio of the number of seg
ments of one order to the success ive order, known as the bifurcation ratio. For 
instance, in a catchment with, say, 100 first-order segments and 25 second-order seg

ments, the bifurcation ratio is 4, indicating that it takes four first-order segments to 
sustain a second-order channel. A comparison of catchments across various leve ls of 
bifurcation ratio could indicate varying intensities of geomorphic activity. For exam

ple, a very large first- to second-order bifurcation ratio would suggest a much more 
flash -prone response to event rainfall than a low ratio. This in turn would suggest 
much more act ive erosional and transportational processes within the channel system. 

Many of the large river systems in New'Zealand have experienced interruptions or 

major modifications to their drainage system as a result of changes in sea level or 
climate, or interruptions to the orderly development of the drainage net as a result of 

faulting or uplift. The rivers that drain the southwest of the North Island and the 
northern South Island are of similar order. They formerly drained into one mega-river, 
whose course ran southeast through the present Cook Strait during the P leistocene, 

when sea levels were more than 100 m lower than the present. 

The fluvial environment outside the channel 

If the geomorphic work of rivers is largely restricted to those times when event rainfall 
is sufficient to generate substantial flows, then the source of that water is important 
(Pain 1968; Hicks & Davies 1997). Hewlett and Hibbert (1967) showed that a 
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catchment gradua lly becomes wetter aro und the marg ins of the channels and in 
hollows on slopes that eventually become connected to the network. Continued rain 

produces expansion of the contributing network. Rainfall of sufficient magnitude to 
thoroughly saturate the catchment still only generates runoff from less than 50% of 
the surface area, and the remainder simply acts as the collector and redistributor of the 

continuing rain through the so il. Once the rainfall ceases, the contr ibuting area con
tracts and streamflow is thereafter maintained by water stored within the soil, rock, 
and alluvial sediments. It is worth noting that the contribution of event rainfa ll to 

increased streaml10w only occurs about 5% of the time. 
While the water that drains the surface and subsurface of the catchment is an 

important source of dissolved minerals (so lutes ) and some very fine sediments, most of 

the sediment supplied to rivers is contributed by way of slope eros ion processes. Some 
of these are truly fluvial in that it is the energy in running water that physically 

detaches the material from its position and transports it into a channel. Gully eros ion 
is a common source of such sediments, but in areas of steep, unvegeta ted soft rocks, 

considerable quantities of material are supplied by erosional processes. 
In most cases, however, water becomes the act ivating agent rather than the pri

mary agent of erosion. Slope stab ility is reduced by positive pore water pressure, 

induced by constant wetting by rainfall and/or seepage. In time, stability is reduced to 
the point where slope failure is inevitab le and, in due course, occurs. The style of 
failure is dependent on a number of factors as described in Chapter 13. The failed mass 

of material, if it is on or near a stream, will of course be subj ect to constant eros ion by 
the stream, and the material will gradua lly be removed and transported downstream to 
become part of the stream's alluvial plain (Beschta 1983) . The plains that surround 

New Zealand rivers and the aprons of coalescing fans and prograded coastal p lains have 
all been sourced from material delivered to rivers by eros ion in their mountainous 

hinterland. 

The inheritance of change 

Not all alluvial plains are now adjacent to the rivers that constructed them. Uplift and 

changes in climate have independently or jointly caused rivers to cut into their plains, 
lowering their courses enough to leave their former plains abandoned as terrace sur
faces on either side of the rivers. Successive changes result in the formation of succes

sive terrace surfaces, each positioned within the former set and ultimately forming 
flights of terraces. In the case of the Rangitikei River, its many flights of terraces dom
inate the landscape, causing a major obstacle where transport routes cross the valley 
but producing a vista of great scenic and geomorphic interest (Figure 14.9). These ter

races are the most spectacular of any river in New Zealand, reflecting no t only the 
pulses in climate over the past several hundred thousand years, but also continuous 
tectonic uplift that has elevated the terraces way above the present river channel. 
Such dOlVncutting has occurred because the bedrock is soft tertiary mudstone (papa) . 

Transitions from warm and wet to cool and dry climate ep isodes, particularly dur
ing the last 250000 years of the Late Pleistocene period, led to major changes in the 
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Figure 14.9 The terraces of the Rangitikei River in the North Island. 

fluvial regimes of rivers. In the cool periods, river flows were low and major sediment
transporting flood events were few, leading to aggradation on the flood plains and 

probably the development of more multi-channelled and steeper stream slopes. In the 
warmer periods, which were also wetter, streamflows were much higher, flood events 
more frequent, and the competence of rivers was greatly increased. As a result, the 
early part of the warm period would have seen huge quantities of sediments pushed 

well beyond the then mouths of rivers, and considerable coastal progradation of the 
coastline. The rivers, once they had removed the sediments stored during the cool 
period, would have proceeded to downcut, removing even more of the stored sedi

ments by both vertical and lateral movement. As the warm period progressed, a grad
ually rising sea level and a reducing sediment load would have led to a change to more 
sinuous, single-thread courses and less well-defined mouths, often with large estuaries. 

More stable conditions in the river valleys, with a channel slope based on a now
elevated sea level, would gradually prevail, producing a river landscape much as Maori 
and early European settlers found it. 

An equally profound effect took place after European settlement. Massive deforest
ation led to greatly increased runoff and, coupled with the huge increase in sediment 
from hillslope erosion, the river courses changed their behaviour. They moved out of 

their present channels and changed the nature of the sediments in their beds from 
finer-grained silts, sands, and small-sized gravels to much coarser gravels. The shifting 
channels were suddenly a threat to the new farming operations, and much political 
and financial effort went into stabilising channels, building stop banks, and improving 
drainage from the adjacent farmland. The result now is that most rivers in New 

Zealand are so controlled in terms of their space and managed in terms of their coarse 
sediment load that little opportunity is provided for change to take place. 
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Rivers, in a sense, are now in a t ime warp because the climate is stable, sea level is 
relat ively stable, catchment conditions have been constant for the better part of a 

century, and channel conditions are managed within a new equilibrium. We will still 
see changes occurring, bu t they will generally be managed to minimise the adverse 
effects such as flooding, damage to bridge abutments and piers, and major channel 

migration . Rivers will continue their geomorphological role of transporting water and 
sed iments from the mountains to the sea, but the more dynamic changes that wou ld 
have occurred in the past in response to changing water and sediment inputs are less 

likely. 

Summary 

This chapter first described how rivers transport energy and do work. The characteris
tics of mountain rivers (such as downcutting and transporting sediment) were out

lined, followed by the changes that occur as rivers debouch from the mounta ins. The 
change in energy conditions leads to a loss of transporting power, and consequently 
deposition may occur, creating such fea tures as alluvial fans. With the change in slope 

as the river enters the plains environment, the river has much less energy and the 
channel now meanders and mainly transports sediment from its bed and banks. The 
chapter continues by describing the channel as a hydraulic system and discusses the 

forces that act in the system and the relationships between the shape of the channel , 
the slope, the fr ictional drag, the velocity, and the d ischarge. 

T he range of channel patterns was then discussed, since the pattern is closely 

linked to sediment and slope. Downstream changes in hydraulic parameters such as 
channel width, depth, slope, roughness , ve locity, and discharge were described , fol

lowed by a discuss ion of the drainage network concept. Finally, the chapter considered 
the flu vial env ironment outside the channel and changes that occur in rive rs due to 
tectonic activity, climate change, and human impacts. 
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