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1. INTRODUCTION 

1.1 statement of the Problem 

Erosion has many important consequenqes for human ecolo~r and economics beaause it 
can remove productive topsoil, damage roads and fields by gullying and landsliding, cause 
eutrophication and silting of river channels and reservoirs, and in many other w~s cause 
en'vironmental degradation that can only be stopped with great effort and cost. Yet erosion 
is a complicated phenomenon; it is the result of many processes, whose mechanics and cont~ols 
are not well understood. The number of controls and their interactions limit our ability 
to predict rates of erosion, although we know that the most important controls are climate 
and vegetation (and therefore land use), soil characteristics, and topography. Qualitative 
information of this kind, however, is of only limited use for such purposes as calculating 
the life of a reservoir, for judging the effects of cultivation techniques on soil loss, 
or for predicting stream sediment loads under various logging practices. 

Smith and Wischmeier (45) have developed a Universal Soil-Loss Equation for the 
prediction of erosion from croplands. This tool is a. useful one, for commercial 8.gricul
tural lands in the United States, and perhaps elsewhere. Its applicability to other regions 
and other forma of rural land use remains to be tested. The same can be said for other 
prediction methods based upon multivariate statistical analysis (49). The testing and 
extension of such methods requires an independent field measurement of erosion. In most 
de·...e19ping countries at this time there is not sufficient data upon which t.o base gene
ralizations like the Universal Soil-Loss Equation. For these purposes, w;/often must still 
resort to empiricism, and field measurements of erosion rates are needed:lI 

This paper describes a range of field techniques for assessing rates of erosion by 
various processes. The methods are cheap to use by comparison with most other schemes for 
monitoring environmental change, and land managers would benefit greatly from the informa~ 
tion to be gained from such simple hydrologic and geomorphic measurements. 

There are two basic approaches to the study of erosion rates. The first is to 
monitor sedimept transport rates past a point in the river channel at the outlet of a 
drainage basin. Such measurements are relatively easy to make a~d they integrate the 
effects of erosion over large or small areas. They suffer, however, from problems of 
interpretation, and often it is not easy to decide what is going on within the drainage 
basin from a point measurement at the outlet. 'rhis method, however, is probably the most 
widespread technique used for monitoring erosion conditions and trends. The seoond 
approach to the study of eroeion involves measuring processes at a number of sampling sites 

jJ Author at Department of Geological Scie~~ces, University of Washington, Seattle, Wa., 
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Y 	 Note: Paper by Arnoldus in this publication describ~s the possibilities with the 
UniverRal Soil-LoBS Equation. 
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within a catchment. Such data are much more difficult to collect but have obvious advantages 
in providing information about the spatial distribution, contro~s and l~cal effects of ,the 
erosion processes within the catchment. With both approaches, LnfOrmatlon can be obtaLned 
on rates of current processes, and on rates during the recent past, as will be explained. 

1.2 controlling Variables and Sampling Problems 

Many erosion-measuring programmes have yielded only limited information because 
insufficient thought was given to the design of the measurement prograrrme and to the 
quantification of the major controlling variables. It is not the purpose of this paper to 
cons ider either of these topics in detail , but it must be stressed that a few "spot" mea
surements of erosion can be misleading if they are unrepresentative. The earth scientist 
must ensure that his measurements sample the range of conditions and the major controlling 
variables in which he is interested. The problem of sampling is dealt with at an intro
ductory level by mOEt textbooks on statistics (e.g., Krumbein and Graybill, 26) and by 
several advanced texts (e.g., Cochran, 6). . 

Even well-distributed measurements, however, will allow few generalizations unless 
the major controlling variables are also measured. If the controls are quantified and 
related to erosion rates by simple or multivariate statistical techniques (26), the results 
can be extrapolated and used to predict erosion rates outside the immediate measuring area. 
The same data can be used for predictions of the effects of certain changes in the con
trolling variables, a useful tool in land management. 

This reference to sampling and to controlling variables is not a plea for massive 
statistical studies of erosion, based upon the measurement of dozens of potential controlling 
variables. Given the difficulty of the fieldwork, such studies are usually not feasible, 
and most of the multivariate statistical analyses that have been made produce results of 
little value for land management. It is wise, however, to measure the major variables 
(precipitation, soil, topography, and vegetation cover) for purposes of developing simple, 
quantitative relations for the prediction of soil erosion. 

For some predictions, the measure of a variable may be a simple one. For example, 

Langbein and Schumm (31) related sediment yields to mean annual precipitation, and Fournier 

(11) related them to an index of the seasonability of rainfall. Other prediotions require 
more detailed information such as the kinetic energy of rainfall (e.g. Smith and Wischmeier, 
45). Hudson (21) has reviewed methods for quantifying precipitation and soil variables. 
Methods of measuring vegetation density are described in textbooks on quantitative plant 
ecology (e.g. Grieg-Smith 15), although much remains to be done in refining the measurement 
of those characteristics of ground cover which are most strongly related to soil erosion. 
Topography can be measured by simple survey techniques. 

1.3 Temporal Fluctuations and Sampling through Time 

Erosion rates fluctuate in time. There may be random inter-annual variations, or 

periods of several years in which sediment mobilization is intense, perhaps because of a 

run of wet or dry years. Sharp changes of climate, such as the one we have experienced 

since the early 1960's (3D, 53) also appear to have caused major changes of erosion rates 

in some parts of Africa. In the American Southwest, climatic change has altered erosion 

rates several times in the recent geologic past (5). Superimposed upon such "natural" 

fluctuations are trends of accelerated erosion caused by human use of land. Monitoring 

erosion rates in the present and the recent past should allow us to separate the effects 

of land use from those of natural climatic fluctuations. In scme situations, of course, 

these two variables are linked, because changes in the character or intensity of land use 

often occur in response to climatic change. The interaction, however, must still be 

evaluated. A long-term view of soil erosion and its response to both land use and to 

natural environmental fluctuations would be valuable in planning land management. 
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2. MEASUREMENT OF EROSION BY SEDI~mNT YIELDS FROM BASINS 

2.1 Suspended Load 

Sediment can leave a basin as suspended l~ad or bed load, and these two components 
are measured separat~ly. To meas~re the rate ~f transport of s1:s1~nded load, the concen
tration of sediment ln the water lS measured (~ mg/1) and multlP led by the discharge of 
the stream (in, say, litres/sec.). Because concentration varies with elevation above ~he 
bed a sampling method must be used which provides an average concentration representatlve 
of the profile of sediment. The most common instrument for doing this is the depth
integrating sampler (Figure 1a) I which allows entry of water through a narrow nozzle into 
a glass bottle with a capacity of approximately 0.4 litres. other samplers, (point
integrating samplers) collect only a sample from a particular depth, and allow the vertioal 
profile of sediment concentration to be defined. For details on the use and purchase of 
these instruments, the reader should consult reports by Guy and Norman (17), and the Federal 
Inter-agency Sedimentation Project (10). Another widely used sampler, which works on the 
principle illustrated in Figure 1 (b) is the Delft samplL~ (38). 

Concentration of sediment in the water sample can be obtained by fEtration and 
drying. Kunkle and Comer (27) demonstrated how sediment concentrations can be succes8ful~ 
and rapidly estimated from measurements of turbidity, if a proper correlation is established. 

In order to generalize about rates of transport from a few measurements, the 
suspended sediment concentrations are usually multiplied by the stream disoharge at the 
time of sampling to obtain the rate of suspended sediment transport. This value is then 
plotted against disoharge to yield a suspended sediment rating curve, like that shown in 
Figure 2a. The curve c~~ then be used in conjunction with a flow-duration curve to 
calculate suspended sediment yields. The number of days with discharge in some interval is 
read from the flow duration curve. From the mean discharge for this interval, the sediment 
transport rate (in tonnes/day) is obtained using Figure 2a. This transport rate is multi
plied by the number of days on which it occurred to give the total amoID1t of sediment 
transported. This process is repeated for each discharge interval on the flow duration 
curve, and the sediment totals are Bummed to provide the annual rate of sediment transport. 
Rating curves of this kind oan shift significantly through time (see Figure 2b), as the 
catchment undergoes fluctuations of climate, land use, or other factors, and onoe enough 
measurements have been made to define a rating curve, occasional sampling should be used 
to check for shifts. 

2.2 Bedload 

The problem of measuring bedload transport is much more difficult. On small streams 
with low rates of bedload transport, a trough or catch basin can be installed across the 
streambed (Figure 3a). The basin can be emptied periodically. This is not feasible in 
large streams, or where transport rates are high. On a small stream in Oregon, Milhous 
(36) successfully measured bedload in a trough set obliquely across a channel. The 
vortex oreated by the flow of the stream over this trough moved the sediment across the 
stream to a measuring station installed in the stream bar~ below the level of the channel 
floor. In large channels, the rate of bedload transport is measured by lowering a sampling 
device onto the streambed for a short interval of time. No single sampler has been generally 
accepted for use, however. The major difficulty lies in the interferenoe of the flow caused 
by the sampler as it lies on the bed. This oan cause either an apparent increase or 
decrease of the local bedload transport rate. Most samplers also have only a limited 
oollecting efficiency. 

Several bedload samplers have been used. Most of them involve· some form of wire 
basket weighted and lowered into the stream on a cable, and stabilized in the flow by a 
metal tail-fin (Figure 3b). Their catch efficiency is generally low, (often as low as 
30-50 percent) beoause they retard the flow, especially after a; smaJ.l amount of sediment 
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accumulates within them. To overcome this difficulty, pressure-difference samplers have 
been desiened with ~ narrow orifice backed by a wider section which causes a pressure drop 
and allows the flow into the orifice to approximate the ambient stream velocity. This 
raises the catch efficiency of the sampler. The sediment is caught in a mesh bag, as shown 
in Figure 3c. One of the earliest successful instruments of this kind was the Dutch Arnhem 
Sampler, but a more stable and efficient sampler has been designed by Helley and Smith 
(19). It has a 7.6 cm square orifice, which works very well for material finer than 
coarse sand. Emmett and Seitz (9) have designed and used one of these samplers with a 
15.2 ern square orifice for measuring the rate of transport of gravel. They have also 
shown by field studies that the 7.6 em Helley-Smith sampler has a catch efficiency of 
approximately 100% for particles smaller than fine gravel. As the particle size increases 
the catch, efficiency decreases. (W.W. Emmett, personal communication, Jan., 1975). 
Further studies of this sampler are being carried out. The bedload measurements obtained 
with such a sampler are in units of weight per unit time per unit width of stream. They 
can be multiplied by the width of the stream to give the transport rate in weight per unit 
time, and plotted against discharge to produce a bedload rating curve, as shOrffi in Figure 4. 
Oraf (13) presents a useful review of sediment sampling devices. 

2.3 Total Load 

At some locations the bedload and suspended load are not sampled separately, but 
the total load for long periods of time can be measured from deposits in natural or 
artificial lakes, including large reservoirs and small stock ponds. Ideally I the site of 
an artificial reservoir will have been surveyed before inundation, and if the reservoir is 
drained periodically the elevation of its bed can be levelled along lines behleen monu
mented bench marks. In a lake which is not drained, the chanGes of bed elevation can be 
measured periodically by depth sounding from a boat or raft along bench-marked lines. 
(See paper by Rausch and Heinemann in this publication). Such surveys give anI;,!" the 
volume of the deposits, and for purposes such as reservoir design, this may be all that is 
required. For assessing erosion on the contributing catchment, however, or for comparison 
with data from sediment transport measurements, the data must be expressed in terms of 
weight, and this requires estimating the bulk density of the deposits. If local data are 
available on the density of lake deposits, they should be used. If not, 'l'able 1 will 
provide useful estimates. Small reservoirs may not trap all of the sediment load of a 
stream, particularly the finer particles. The proportion of the total load \-thich is 
caught in the impoundment is called the trap efficienc;y of the Hater body and can be esti
mated from Figure 5. A correction to the total load can then be made for the material that 
is not trapped. Other methods of estimating trap efficiency for impoundments have been 
based on particle size of the bed material and sedimentation rates for suspended particles 
(27). 
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Table 1: Bulk density of reservoir sediments. Source: Geiger, (12). 

Dominant grain size 	 Permanently Aerated 

submerged ( Ib/rt 3) 

(lb/ft3) y 


Clay 	 40-60 60-80 

Silt 	 55-75 75-85 

Clay-silt mixture 	 40-65 65-85 

Sand-silt mixture 	 75-95 95-110 

Clay-silt-sand mixture 	 50-80 80-100 

Sand 	 85-100 85-100 

Gravel 	 85-125 85-125 

Poorly sorted sand and gravel 95-130 	 95-130 

11 	Ib/ft3 = pounds per cubic foot; multiply the above figures by 16.02 to 

obtain kg/m3• 


2.4 Sediment Yields 

Within a region of uniform climate, geology, and land use, the sediment yields 
from large drainage basins are uS1lally less than those from small basins, and the latter 
in turn are less than rates of sediment loss measured on hillslopes by the techniques to 
be described in the next section. When comparing sediment yields from basins of various 
sizes, therefore, the yield must be corrected to remove the effect of catchment size. 
Alternatively if measurements of erosion from hillsides and gullies are being used to 
assess the probable rate of sedimentation at some proposed reservoir site downstream, the 
erosion rate must be corrected to express how much of the soil that is mobilized on the 
hillsides will reach the downstream point. The remainder of the mobilized soil is deposited 
on gentle footslopes, debris fans, floodplains and other depositional features. 

The ratio (expressed as a percentage) of the soil loss from hillsides and gullies 
to the sediment yield of a catohment is called the sediment deliver;! ratio of the catchment. 
This ratio varies with drainage basin Size, and with the overall steepness of the catchment. 
If local data are available, the variation of sediment yield with these factors can be quan
tified, but if such data are lacking, Figure 6 may be used to estimate the sediment delivery 
ratio. The degree of scatter in these diagrams, however, should be taken into account when 
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conclusions are being drawn about measurements corrected in this way. A review of the 

available literature from several physiographic regions indicates that the exponent in the 

equation relating sediment delivery ration to drainage area generally varies between -0.15 

and -0.35, but that values cluster strongly around -0.20 over a wide range of catchment 

size. When comparing sediment yields from drainage basins, it is usual to correct them all 

to a value appropriate for a basin of a fixed size. . 


If reservoir surveys are made periodically, temporal variations in sedimentation 
rates can be calculated. For estimating sediinentation rates over long periods of time 
~e any survey was made, samples from various depths can be dated radiometrically. 
Such measurements can be useful for indicating long-term erosion rates, which average out 
short runs of rapid or slow sedimentation. They can also indicate erosion rates before 
the advent of large-scale human modification of the land. Stuiver (46) has discussed the 
application of radiocarbon dating to the measurement of variations of sedimentation rates 
in'lakes over the last 10,000 years. For this method organic materials must be collected 
from various depths in a sedimentary deposit and transported carefully to a laboratory 
with the appropriate equipment. Ralph (40) clearly describes the method, the kinds of 
materials that can be dated, and the collection and packaging of samples. Radiocarbon 
dating is not useful for materials less than several hundred years old. Sediments ranging 
in age from 10 to 100 years can be dated by measuring Lead-210, an isotope from the uranium

, 238 series. This isotope can be used for calculating sedimentation rates over the recent· 
past, which is of most interest to the land manager, and holds great promise for work in 
sedimentation. The technique is described by Koide et al (23) and by Petit (39). Where 
radiometric facilities or materials are not available, stratified fluvial deposits can be 
dated from archaeological evidence (Leopold et al (33) pp. 480-84). 
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Sources: Maner (1958)i Roehl (1962). 
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3. MEASUREMENT OF EROSION WITHIN CATCHMENTS 

3.1 Sediment Sources 

Sediment yields from drainage basins provide a useful index of erosion conditions 
and trends. Often, however, the land manager needs more detailed information about Where 
the sediment comes from within a catchment, what the major processes are that mobilize the 
sediment, and what the relation is between the intensity of erosion and various possible 
co~trolling factors. The techniques used for measuring erosion within catchments vary 
with the erosion processes themselves. The processes to be discussed here include: 
sheetwash erosion; rilling and gullying; river channel changes; mass movements and wind 
erosion. 

3.2 Sheetwash erosion 

3.2.1 Plots 

Current sheetwash erosion can be monitored by measuring the amount of sediment 
washed from hillside plots, or by measuring the rate of lowering of the ground surface at 
stakes. An erosion plot can be established simply by installing a collecting trough along 
the contour and connecting it to a tank in which the eroded sediment and runoff can be 
measured. Also note example given in the paper by Djorovik in this publication. The 
length of the trough m~ vary according to the wishes of the investigator. Longer troughs 
sample a larger section of hillslope, which minimizes errors due to the spatial variability 
of erosion caused by minor rills. Small plots are often defined by inserting metal or 
plastic walls a fe\1 centimetres into the soil. Such small plots, varying in width from 
about 0.5 m to 2 m are often used for studying infiltration and soil erosion under con
trolled artificial rainfall (35). Larger plots are usually left unbounded and are defined 
approximately by a topographic survey. 

The construction of the collector trough is usually simple, but the trough must be 
carefully installed if it is to function properly. Figure 7 shows some suggested designs. 
The crucial factor is to provide good contact between the lip of the trough and the soil 
surfaoe, so that runoff enters the trough satisfactorily and does not erode the lip and 
by-pass the trough. Gerlack used a small (50 cm long), sheet-metal trough placed in a 
Bhallow ~rench (Figure 7a). The trough has a hinged lid to prevent the ingress of rain
fall, and a 3.5 em wide lip which is pushed under the soil surface. A drain from one 
corner of the trough conducts sediment laden runoff to a storage tank. Such a short trough 
is satisfactory if there is no significant spatial variability across the slope. The 
ease of construction and installation allows several troughs to be installed en echelon 
down a hillside to study the effects of billslope length upon erosion. 

If small rills are present, the investigator may wish to use a longer trough. A 
collector can be constructed, as shown in Figure 7b, by Jriving stakes into the soil along 
the slope, and nailing to them 20 em wide boards. The boards can then be used to support 
a collector. If the plot is only several feet long and if the cross-sectional profile of 
the hillslope is smooth, sections of sheet metal can be laid side-by-side and soldered 
together. Their uphill edge can be inserted into the topsoil as shown. If the hillside 
is not smooth, however, and if the collector needs to be a long one, thick industrial 
polyethylene sheet can be used. One edge of the sheet can be fastened to the supporting 
backboard and the sheet spread down the board and uphill along the ground. A short slit 
is made about 2 em into the soil surface, and the edge of the polyethylene sheet is tuoked 
into this slit with a piece of wood. The base of the polyethylene channel can then be 
covered with a bituminous roofing compoUnd to keep it smooth. It is also advisable to 
provide for a considerable gradient on such a channel so that it drains. the runoff water 
and sediment efficiently toward the storage tank. A plastic collector of this type is 
less durable than other materials, but is cheaper and easier to install' if long troughs 
are needed. Inserting a lip under the topsoil works well if the soil has a moderately 
good vegetative cover, but where the root mat is not strong, the soil tends to disintegrate 
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Figure 7. Collector troughs for measuring runoff and soil eroded from hillside plots. 
(a) Gerlach trough; (b) Channel consisting of a backboard and sheet; (c) concrete 
gutterj (d) large debris trough. 
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immediately above the trough. In such cases, it is better to install a concrete trough, as 
shown in Figure 7c. The width and depth of the concrete ohannel lTlust vl),ry with the magni
tude of flows to be expected from the plot. 

Where erosion rates are extremely high ~i where eroded debris m8~ be very coarse, 
a larger collecting trough is required. Anderson ~ a1 (2) u,sed ha.lf-round steel troughs 
to catch debris from steep hillslopes in Southern California (see Figure 7d). The upslope 
edge of the trough was connected to the Boil surface by a concrete apron, and one-metre 
higb reinforced wooden boards were positioned behind the trough to catch bounoing rocks. 

If the plot must be large, the design of the storage tank must take into account 
the potentially large volumes of sediment and runoff to be collected. One inch of runoff 
from a hillside plot 200 feet long and 50 feet wide would total 850 cubic feet of water 
(one foot _ 0.30 metre). Rather than construct such a large storage tank, some "investi 
gators install devices that divert only a small portion of the runoff a~d sediment into the 
measuring tank (37). 

3.2.2 stakes and Pins 

An alternative method of measuring sheetwash erosion involves repeated measurement 
of the height of the ground surface at stakes or erosion pins. The instrumentation shown 
in Figure 8a consists of a 25 em long nail and a large washer. At the time of j_nstallation, 
the nail and washer are driven into the soil. The dietance from the head of the nail to 
the top of the washer is then measured with a millimetre scale. Erosion removes ma.terial 
from around and beneath the washer which is lowered to the position shown in Figure 8b. 
Remeasurement of the distance between the top of the nail and the top of the washer provides 
a meaSure of the erosion rate during the intervening period. If the washer has protected 
the 80il from raindrop impact, so that it now stands on a small pedestal, the pedestal 
must be removed before measurement, so that the washer lies at the general level of the 
ground surface. The advantage of using the washer is that it gives a firm surface from 
which to measure. Such monitoring devices are cheap and easy to install in larg~ numbers. 
A wide range of conditions can therefore be sampled at small cost. The most ~aluable 
illustration of the use of such data in understanding erosion processes and their relation
ship to the sediment budget of a drainage basin is the work of Leopold et al (33). 

Marking the pins with bright red pa.int and placing them in a grid pattern or along 
a line facilitates relocation. Near each group of pins, should be &~ easily located bench 
mark, clearly identified by a numbered tag or engraved plate. Thd records of installation 
should include detailed instructions on how to ,locate the bench mark, and how to locate 
the groupe of pine from the benchmark. The value of these simple moasurementu lies in 
their repetition,' and the work is wasted, if recorda of the pin locations is lost when 
the original investigator changes his job. At the time of each erosion-pin survey, the 
elevation of the top of each pin should be checked by running a line of levels from the 
bench mark. This will indicate whether the pins have been displaced by frost heaving or 
trampling. ' 

3.2.3 Other Erosion Indioators 

In addition to measuring current rates of soil loss, it is also sometimes possible 
to recon.truct the recent erosional history of an area from truncations of 80il profiles, 
from the height of residual soil pedestals, or from the exposure of tree roots. A lot of 
care must be exercised when using these methods, and local undisturbed Boils and tree roots 
must b. examined in detail. Normal 8patial variations of soil-profile depth with hillslope 
gradient and other factors, for example, should be considered. when ulling mea.suremento of 
trunCated 80il profiles. HAggett (18) measured the combined thickne.s, of the A and B' 
horizons of a soil on the mid-sections of slopes tha.t had been planted to coffee in :erazil. 
By comparison with similar measurements under nearby undisturbed foreat, he was able to Rhov 
that 20 om(~ 5 cm) of Boil had been removed from the cultivated elopes BinDa 1850. A 
oomparison of the textures of the two sets of soil profiles confirm.~ this oonolusion. 
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Figure 8. Measurement of erosion and deposition at stakes: (a) Installation; 
(b) Remeasurement. 
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Figure 9. 	 (a) Measurement of. recent sheetwaeh erosion between vegetated 
remnants of the former soil surface; (b) Meaeurement of ero.ion 
around tree roots. 
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Particularly if soil erosion is rapid fpllowing the destruction of a vegetative 
cover, remnants of the former surface may be left, as shown in Figure 9a. A ruler, frame, 
or tape laid across the former surface can he used as a reference from which to measure 
the average depth of erosion. Various other indices, such as the average distance between 
remnants or the average width of remnants alon~ a transect can also provide sensitive 
information that will indicate changes between repeated surveys of the same area. The 
exposure of tree roots can be measured, as shown in Figure 9b. Before such measurements 
are made, the investigator should examine roots of trees from the same species in neigh
bouring areas. Some trees, even on undisturbed sites, grow with part of their roots above 
the ground surface. The average depth of the bssal flare of the trunk below ground should 
also be examined at undisturbed sites; in Figure 9b, only a minimum depth of erosion is 
indicated for a tree species whose roots lie wholly within the soil at undisturbed sites. 
The methodology and limitations of using tree-root exposures for measuring erosion has 
been discussed in detail by Lamarche (29). Measurements of root exposures at various 
sites produces data of the kind shown in Figure 10 and allows the investigator to relate 
erosion rates to their controlling variables. 

A minimum date for the duration of the accelerated erosion can sometimes also be 
obtained from the age of the tree, which in some climates can be measured by counting the 
number of annual growth rings on newly-cut stumps, or in cores taken from the living tree 
with a Swedish increment borer (obtainable from major engineering supply houses). In many 
tropical regions, however, annual growth rings do not form, and the trees must be aged by 
some other method such as measurement of their diameter. The relationship between diameter 
and age can be obtained by measuring annual increments of diameter on a sample to trees. 
Pedestals can also be· dated from the ages of long-lived shrubs which grow on them, but 
the techni~~es for aging shrubs are not as well developed as those for trees. If the 
tree has been cut down, the age of the surface can sometimes be obtained from aerial 
photographic evidence of the data of dest~~ction of the woodland, from local records, or 
from local oral tradition. Rough estimates can be made from the extent of weathering of 
the. wood, or from the nature of the charcoal if the stump has been burnt. All such 
estimates would be affected by such variables as the climate and the nature of the wood 
(i.e. the tree species). In making the estimates, therefore, there is no substitute for 
local field experience. 

3.2.4 Classification Approach 

In some studies there is not sufficient time or manpoHer to make detailed measure
ments of erosion depths. The intensity of erosion is estimated by inspection of large 
areas, and is mapped onto aerial photographs. This technique usually involves the 
establishment of three or four catagories of erosion intensity. Areas of perhaps 10-200 
acres, or individual hillslopes are then classified into one of these categories (note 
1 acre = 0.4 ha). The erosion classes should be well-defined and carefully desoribed. 
Photographic documentation of type localities will give other investigators, land managers 
and pl~~ers a clear idea of the erosion conditions represented by each category. The 
classification may vary with the form that erosion takes in a particular region, but it 
is useful to seek agreement between all the workers surveying erosion in a region. As an 
example, the classification adopted by the U.S. Soil Conservation Service (48) for classi 
fying water erosion is listed below. 

Class 1: 	 Up to 25 percent of the original A horizon, or original ploughed 
layer in soils with thin A horizons, removed from most of the area. 

Class 2: 	 Approximately 25 to 75 percent of the original A horizon or surface 
soil lost from most of the area. 

Class 3: 	 More than 75 percent of the original A horizon or surface soil, and 
commonly part or all of the B horizon or other underlying layers, lost 
from most of the area. 
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Class 4: 	 The land has been deeply eroded until it has an intricate pattern 
Qf moderately deep or deep gullies. Soil profiles have been 
destroyed except in small areas between the gullies. 

Eecause of the association between the density of the vegetative cover and erosion rate, 
the vegetation can sometimes be used as an indicator of erosion if all other important 
controls are fairly constant. Thus, the percentage of bare soil, the canopy density, or 
density of ground cover have all been used as indices. They do not, of course,take into 
account that for a fixed cover density, erosion will be faster on steeper slopes and more 
erodible soils. They are, however, easy to measure repeatedly and are generally incorpo
rated into any inventory of range condition. Although the use of erosion indicators is 
a relatively crude technique it can be used to define quantitatively the conditions of 
geology, soils, topograpr,y climate and land use which retard or accelerate erosion. Measu
rement of these controlling factors for each site at which erosion conditions are classified 
allows the investigator to study the association between various degrees of erosion and 
values of the controlling variables using statistical techniques that are appropriate for 
ordinal and nominal scale variables (20, 26). (Note also paper by Stevens in this 
publication) • 

3.3 Rilling and Gullyin~ 

If large gullies have grown or are growing rapidly in a region, their development 
can be measured on sequences of aerial photographs (3,44). The date of initiation of 
gullying can also often be established from aerial photographs. Many gully systems, 
however, can generate large amounts of sediment by only small enlargements of their 
headcuts or by minor retreat of their sidewalls. The measurement of these processes is 
not possible from aerial photographs. Even plane-table maps or pace-and-compass maps are 
not generally accurate enough for this purpose. Changes in gullies, and in smaller features 
such as rills, should be measured by repeated level-aurveys at benchmarked cross-section 
and along the profile of the gully. Iron stakes driven 20 em into the ground provide 
adequate benchmarks for this purpose. Widening, deepening, and the migration of headcuts 
oan be quant ified in this way. An example of the results of repeated surveys is shown· in 
figure 11a. Several such cross-sections should be installed along the gully. The 
average net change at two adjacent cross-sections should be multiplied by the distance 
between the cross-sections to obtain the net volume of erosion or deposition. 

For detailed monitoring of the behaviour of vertical headouts, an' arrangement of 
stakes, such as that shown in Figure 11b will allow repeated tape measurements to be made. 
In this w~', retreat averaging a few inches per year ca.'1 be measured with ease. The amount 
of sediment mobilized by rills can be measured either at lines of erosion pins, or by 
repeatedly running lines of levels along the contour between benchmarks (see Figure 12). 

3.4 River channel changes 

Some changes in river channels can be observed from sequences of aerial photographs. 
Disappearance of riparian vegetation, ba..'1k caving, or direct measurements of width .and 
sinuousity may all provide quantitative evidence of net erosion if it is large. On the 
ground, repeated mapping of river channels onto aerial-photographic mosaics, or by plane
table, chaining, or pace-end-compass mapping can indicate large increases of channel width, 
sinuousity, or shifts of position. Lateral movement, however, and the presence of raw, 

. undercut banks do not necessarily indicate· a net 10s8 of sediment from the valley floor. 
By repeated levelling of benchmarked cross-sections of a small stream, Leopold et al (33) 
were able to show that the sediment eroded from the underout bank was approximatelY-in 
balance with the amount of sediment deposited on the opposite stre~~bank as the channel 
shifted laterally (see l<'igure 13). The deposited material came from the drainage basin 
or from the valley floor upstream, the net amount'of erosion or sediment production within 
the surveyed reach was approximately zero: If the bank being undercut is higher than the 
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one being depos i ted, hov:-.!ver, there is a net lose of sediment from the reach. Th is eros ion 
can best be quantified by establishing several bench-marked cross sections on a stream ~~d 
multiplying the average net loss of sediment from adjacent cross-sections by the distance 
between the sections •. If bahk recession i3 very rapid, or is highly variable, it can be 
monitored by repeatedly meas~ring the distance from the bank to lines of stakes well back 
from the stream. Grey (14) has provided a detailed description of methods for measuring 
bank er~sion during snowmelt floods. 

Mass movements f 

3.5.1 The Types of Mass Movements 

It is difficult to measure rates and trends of erosion by mass movement because 
the processes are either very slow or catastrophic. One may be concerned either with 
their importance as producers of sediment, or as agents of land destruction and hazard. 
The former aspect is particularly difficult to study, the latter is more tractable. Mass 
movements can be classified in many ways (see 50), but for the purpose of discussing 
measurement techn~ques, I will divide them into: creep, landslides, earthflows and mudflows. 

Creep is the downhill movement of soil and weathered rock due to slow deformation 
under the downslope component of gravity, and to small downhill movements as the soil is 
disturbed by frost action, wetting and drying, or the soil fauna. It is generally imper
ceptible except by careful, precise measurements over a number of years. 

The most widely used and accurate method of measuring creep involves the use of 
a Young pit (Young, 54) as modified ~y Emmett and Leopold (8). A pit is dug to the depth 
to which creep penetrates, and a benchmark (iron stake) is dr~ven into the subsoil, as 
shown in Figure 14. Two other benchmarks are placed in line with the one in the pit, and 
in the top of each benchmark, a narrow groove is scratched. A theodolite is centred over 
one of the benchmarks to establish a line of sight approximately along the centour through 
grooves on the other two benchmarks and through the sidewall of the pit (Figclre 14b). A 
narrow vertical slit is then made into the sidewall of the pit on the line of sight. Into 
the slit a flexible metal strip is inserted. The strip consists of a number of 2.5 cm x 
5 em aluminium plates, held together by sticky tape (masking tape, or insulating tape), as 
shown' in figure 14c. This tape will eventually be destroyed by weathering, and the plates 
can move independently of one another. lfuen the strip is installed in th-e slit, a millimetre 
rule is held horizontally at the top and bottom corner of each plate. The deviation of 
each plate from the line of sight can then be observed through the theodolite. The initial 
position of each plate is thus defined precisely. 'J:he pit is ca.refully refilled and its 
position relative to some surface marker is carefully measured. 

For the re-survey, the pit must be relocated and excavated slowly with a hand 
trowel, so that the plates are not disturbed. The line of Si~lt is again established with 
a theodolite set over a bench mark and horizontal deviations from the line of sight are 
measured with a millimetre scale set on the top and bottom corners of each metal plate. 
The measurement can be continued by carefully re-filling the pit. Repeated measurements 
on each plate establishes its ave.rage velocity. Multiplication of this value by the depth 
increment represented by the plate and by the width of the hills lope provides an estimate 
of the rate of sediment production in cubic metres of soil per year. A simpler but less 
accurate method of measuring creep has been tested by Rudberg (43) and is useful where 
oreep rates are high. 

•For very deep soiis undergoing rapid creep, Kojan (24) successfully employed long 
flexible tubes inserted several metree into the soil. Deformation of these tubes are still 
being measured repeatedly by means of an inclinometer lowered to varying depths inside the 
tubes. 
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3.5.3 Large-scale Movements 

Large-scale, more rapid mass movements include landslides, debris avalanches, 
earthflows and mudflows. These features can usually be mapped on aerial photographs, 
using either the scars themselves, the form of landslide deposits, or disturbances of the 
vegetation (25, 52). The investigator may wish only to count numbers of sl~des per unit 
area associated with various geologic, topographio or oultural features. Tubbs (47) for 
example, mapped landslides in Seattle and related their looation to the underlying 
Quat'ernary stratigraphy. He was then able to identify zones of high landslide hazard 
throughout tile urban area with the aid of topographio and geologic maps. 

The areal extent of landslides can also be measured easily from aerial photographs, 
and gives a more quantitative picture of the extent of the process and of the resulting 
disruption. Corbett and Rice (7) placed a grid over aerial photographs and, by point
counting, estimated the area disturbed by shallow landslides on a range of hillslope 
gradients under two vegetative covers (see Table 2) •. Similar sampling schemes under other 
conditions could yield information that would be valuable for planning land-management 
practices to minimize erosion. By means of a relatively few field measurements (using a 
hand-level and tape, or visual estimation) it is possible to measure the volume of a sample 
of slides and to relate the volume to the area of individual failures (see Figure 15). 
Such a calibration curve might be needed for each physiographic region, depending upon the 
average depth and form of landslides. This technique provides a means of estimating the 
volume of sediment released by landslides, if the photogrammetry includes measurements of 
the number of landslides that reached a stream channel, or the proportion of landslide 
debris that has been removed by the stream. The volumes of earthflow and mudflow deposits 
can also be mapped on aerial photographs, or by plane-table. 

Table 2: 	 Relationship of the extent of shallow landslides to hillslope gradient and 

vegetative cover in southern California. Source: Corbett and Rice (7). 


Slope class No. of slides per acre Y %of area covered by slides 

(%) 


Under brush Under grass Uhder brush Under grass 


<40 	 0 0 0 0 ..40-54 0 0.15 0 0.3 


55-69 0.25 2.02 1.0 8.0 


>70 0.88 4.09 3.2 13.3 


11 1 acre 	= 0.4 hectare 

Dating of old failures might be required for obtaining a long-term view of their 
contribution to catchment erosion, or of the frequency and size of landsliding before 
some change of land use. The success of variouB dating techniques depends upon the method 
used, the size and character of individual slides, the age of the slide, and any modifio&
tions that have occurred since the failure. In some oases dating of slides is easy in 
others it is not possible. The most aocurate dating tool is obviously historical acoounts 
of individual slides (1), or of large numbers of slides that can be dated and located. fro~ 
newspaper accounts. Tubbs (47) used a 30-year file of newspaper accounts to map and date 
several hundred landslides in Seattle. Records of road and railway maintenanoe in lands1ide
prone areas often contain useful data on the frequenoy and magnitude of hillslope failures. 
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Sequence of aerial photographs can also provide information about dates of landslide 
aotivity, though the low frequency of aerial surveys limits the usefulness of this ~ethod. 
Some landslides can be dated from their vegetation. The age of trees cn the scar g~ves a 
minimum age for the slide. Around the edges of some landslide deposits, tree trunks may 
be scarred by fallen blocks. The number of growth rings that post-date such a scar is 
another indicator of the age of the failure. If the fallen debris contain organic 
material in an appropriate position, it can be dated by the radiocarbon method mentioned 
earlier (22). 

In some oases, it is necessary to monitor large failures, or potential failure 
sites to provide an early ~Iarning of their ocourrence or acceleration. Lines of stakes 
placed across an earthflow or other slow mass movement oan be monitored periodically by 
a theodolite survey (41, 51). 

3.6 Wind Erosion 

The removal of soil by wind erosion has not yet been measured in many places and 
so little eXperience has been accumulated. Wind erosion is usually measu.red by repeated 
measurement at stakes, or is estimated in a qualitative erosion survey (U.S. Soil Conser
vation Servioe, 48) similar to that used for sheetwash. Degrees of damage caused by 
accumulation of windblown material are also classified in such a survey. 

4. SUMfilARY 

The measurement of erosion by a variety of processes and at a variety of scales 
is relatively simple to perform. By comparison with the benefits to be gained from 
improved quantitative knowledge of the relation of soil loss to its controlling factors, 
a measurement programme is inexpensive. The value of such measurements increases with 
their durat ion and with the care with which they are planned. A great deal of thought 
should be given to the location of measurement sites, ~~d also to ensuring that measurements 
are repeated and records stored in safe places for use in future planning. 
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