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tihldes about water, political interests 
are also an important factor. The right 
to decide is a highly esteemed privi
lege. In many communities, power 
struggles among various groups, such 
as the planning board, selectmen or 
councilmen, economic development 
commission, water department, and 
citizens groups, are not uncommon. 
The use of water supply facilities to 
control land use would in effect ele
vate the objectives of the planning 
board above the objectives of the 
other groups. Planners thus would be
come decision-makers. It is unlikely 
that such a procedure would be well 
received or easily implemented. Some
one no doubt would have to apply 
strong arguments or coercive forces. 

The political question of who makes 
the decisions can also have regional 
implications. Just as a developer de
sires assurance that no one else will 
develop the land he is leaving alone 
for the sake of land use planning, so 
too communities may not wish to 
withhold water for fear of losing 
desirable development, unless thev are 
assured that neighboring communi
ties will act in similar fashion. 

Such a situation implies that deci
sion-making should be made by an 
agency with a regional outlook and 
regional powers. Local water supply 
agencies could be united in some 
way but remain sul'lordinate to the 
planning group. 

Legal Issues 

There may also be legal issues to 
consider.' 'Vill the courts view the 
withholding of water and water facil
ities as a taking of the lands denied 
development rights due to a lack of 
municipal water? A discussion of 
this issue is beyond the scope of this 
article, but a number of authors have 
examined the question (2, 3, 11). 
Briefly, they indicate that since 1970 
a number of techniques have been 
proposed and tried to control the 
problems associated with poor land 
use patterns. Generally, the courts 
have looked favorably upon these 
techniques so long as a technique 
is designed to achieve a compre
hensive planning goal and racial or 
socioeconomic discrimination is not 
a prime factor behind the decision 
process. For example, courts have 
upheld the Ramapo, New York, de
cision to control (not prohibit) devel
opment based upon the availability of 

municipal services and facilities (11). 
Water supply facilities can and do 

play an important role in community 
development. As a result, they can 
be used to control development. Such 
use, however, must recognize the 
problems associated with people's at
titudes about water, political reali
ties and legal niceties. 
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SINCE the 1930s, the Horton in
filtration approach to runoff pro

duction has dominated hydrology and 
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its applications in the prediction of 
river discharges and land manage
ment (13,14,22). Field observations 
have confirmed the Horton model of 
overland flow, a form of runoff com
mon in semi-arid regions and on agri
cultural lands, such as those in the 
midwestern United States. On these 
lands, infiltration capacities are usu
ally less than the major rainfall inten
sities. 

Because the infiltration capacity of 
soils within a catchment is rarely uni-
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form, the production of Horton over
land flow varies spatially. This is the 
basis of Betson's (1) partial-area mod
el of storm runoff. It is based on the 
original Horton analysis of overland 
flow, but suggests that only a small 
portion of some catchments contrib
ute storm runoff. 

In humid regions, a soil's infiltra
tion capacity remains high unless 
vegetative cover is disturbed. Hcnce, 
Horton ovcrland flow is confined to 
such locations as roads and parking 
lots, skid trails in forests, some fields, 
and artificial fills. In humid regions 
without severe disturbance, Horton 
overland flow does not occur, and at 
least three other processes generate 
storm runoff: subsurface storm flow, 
return flow, and direct precipitation 
onto saturated areas (Figure 1). Their 
relative importance varies with to
pography, antecedent soil wetness, 
and storm size. For example, where 
soils arc well drained, deep, and per
meable and where steep hillsides bor
der on a narrow vallev floor, subsur
face storm flow domin~tes the hydro
graph, but emerges from the ground 
surface over only limited zoncs of the 
catchment (26). Ragan (20) de
scribed catchments of this type in 
Vermont, as did Hewlett and Nutter 
(12) in the Southern Appalachians. 
vVhere soils are thinner, the foot
slopes gentler, and the saturated and 
near-saturated vallev bottoms more 
extensive, saturation' overland flow is 
much more important, and its impor
tance increases with storm size (4, 6, 
7). 

The saturated area that produces 
most storm runoff in humid regions 
varies with time, both during and 
between rainstorms. The water table 
rises to the soil surface over an ex
panding area as rainfall progresses, 
extending from the river channels into 
tributaries and footslopes occupied by 
poorly drained soils. Conceptual mod
els of this expanding and contracting 
saturated area have been developed 
by the U. S. Forest Service (the vari
able source concept) (11. 25) and the 
Tennessee Valley Authority (the dy
namic watershed concept) (23). The 
models have been tested in catch
ments in New England (4, 20) and 
North Carolina (12). 

Need for a Prediction Technique 

Routine techniques have heen de
veloped to quantify the pattern of in-
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Figure 1. Runoff-producing processes in 
a humid-region catchment during a rain
storm. 

filtration capacities, hence the predic
tion of areas producing Horton over
land flow. These techniques are fre
quently used in resourcc assessment 
anclland management when decisions 
must be made about the suitability of 
land for various purposes and' the 
probable environmental impact of 
land use changes. It would be help
ful to make the recognition and pre
diction of saturated areas in humid 
regions equally routine. The size and 
location of these variable contributing 
areas are of interest for predicting 
rates or volumes of runoff in humid 
regions. Use of the simplest tech
niques may require only an estimate 
of the total area saturated at the be
ginning and end of a storm, while 
others will require estimates of the 
width of the saturated area or the 
travel time of saturation overland 
How. 

There are other reasons for know
ing which areas of a watershed yield 
saturation overland flow. The source 
of runoff in relation to sources of con
taminants, such as phosphates or hac
teria. is an important control on water 
quality (5, 16). Knowing what areas 
in a catchment produce saturation 
overland flow would allow major 
sources of various contaminants to 
be delineated. Then, perhaps, steps 
could he taken to minimize such in
puts. Better methods of predicting 
the location, magnihlde. and frequen
c'\' of ground saturation at various 
times of the year would also improve 
the analyses of land snitahilitv for 
plowing, planting, and harvesting. 
Houses arc still built where satura

tion overland flow occurs also. The 
routine recognition of variable source 
areas would help in zoning to elimi
nate problems with septic tanks and 
other housing needs. 

Thus, it would be useful to develop 
some simple field techniques that 
would make the recognition and pre
diction of these saturated areas rou
tine. Here, we make some sugges
tions of methods that are being used 
for that purpose. The methods are 
not perfected. We offer them to stim
ulate further discussion and trial in 
the hope that the delineation of areas 
producing saturation overland flow 
will become as routine as the map
ping of infiltration capacity in regions 
experiencing Horton overland flow. 
The prediction tools we use arc rou
tinelv available: information on hy
drol~gy and soils from the Soil Con
servation Service, Agricultural Re
search Service, and other resource 
assessment agencies. 

Delineating Saturated Areas 

The best method of evaluating the 
size, location, and variation of satu
rated areas is by repeated field map
ping. Ishaq and Hutt (15) developed 
a method to identify source areas us
ing color infrared ,;nd visible wave
length photography. Since ground 
mapping can only be done for small 
catchments and aerial photography 
can be carried out only rarely, field 
measurements must be correlated 
with some other easilv observable 
characteristic of the b~sin to allow 
mapping over larger areas. The basin 
characteristics we havc found to be 
most useful are topography, soils, 
vegetation, antccedent moisture in
dex, and hydrologic budgeting. 

To illustrate some of these tech
niques we selected a small drainage 
basin in northeastern Vermont. The 
basin is developed in glacial till. San
ely loams cover the upper parts of its 
hillslopes with moderately to poorly 
drained silt loams on the conca\'e foot
slopes. 

Field mapping shows that the ex
tent of the sahlrated area varies sea
sonally from 1,') to 51 percent (Figurc 
2). Expansion of the saturated area 
at snowmelt and after heavy rain
storms takes place hy headward ex
tension of the channels into swales 
and also by lateral cxpansion up the 
basin's hillslopes. A nearby catch
ment with steeper valley sides, better 
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drained sandy soils, and a narrower 
valley floor section has a seasonal 
saturated area variation of 4 to 15 
percent. Thus, for catchment areas 
up to 1 square mile, it is possible to 
define the seasonal or inter-storm vari
ation of the saturated area by repeat
ed field mapping. The variation is 
large. 

Topography obviously has a major 
influence on the distribution of the 
saturated area. These areas occur 
mainly in the valley bottoms and the 
lower parts of swales. They extend 
up the swales and footslopes during 
wet periods. They also occur in areas 
where bedrock is close to the surface, 
promoting the emergence of ground
water. An example of this occurs in 
the northern part of the drainage 
basin, which is not low-lying but be
comes saturated after snowmelt be
cause the soils are shallow. Soils with 
shallow hard pans may also be easily 
saturated. It is difficult, however, to 
use topography solely as an indicator 
of saturated areas. 

Soil morphology is a more useful 
criterion. When soils become satu
rated, free oxygen is consumed, iron 

Figure 2. Seasonal extent of the saturated 

and manganese are reduced and mo
bilized, and gley morphology occurs 
as grey and brown mottling. Although 
there is a general correlation between 
gley morphology and period of satu
ration in the surface horizon of the 
soil, most saturated -area soils will 
waterlog for only a short period and 
may not produce well-defined gley 
morphology (18). The surface hori
zon is also liable to disruption by 
changes in vegetation and land use. 

Subsoil gley morphology may be a 
more successful indicator of the dis
tribution of saturated areas. Several 
studies have shown a reasonably good 
correlation between subsoil gley mor
phology and soil water regime, and 
morphological criteria have been em
ployed in drainage class definitions 
(17, 21) . From the distribution and 
type of gley morphology within a soil 
profile, the soil water regime and 
water table depth can be estimated. 
However, the soil morphology-water 
regime relationships in subsoils are 
affected by the color of the parent 
material, the availability of organic 
matter, the presence of fossil gley 
morphology, and the occurrence of 
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and immediately after snowmelt in a Vermont catchment with steep, well-drained slopes 
and a narrow valley bottom. 

aerated water tables. 
Comparisons of the map showing 

soil drainage classes (mapped at 1: 
8,000) and the distribution of the 
saturation area in the Vermont basin 
(Figures 2 and 3) reveal a good spa
tial correlation between the saturated 
area and the moderately well, poorly, 
and very poorly drained soils. After 
snowmelt, the saturated zone oc
cupies the very poorly and poorly 
drained soils, plus some soils classed 
as moderately well or well drained. 
These soils are usually shallow phases 
or those with a hardpan in the pro
file. In summer, the saturated areas 
are confined to the very poorly drained 
soils with some extension into the 
poorly drained soils. In the county 
soil survey reports the Soil Conser
vation Service describes soil series ac
cording to drainage class and tabu
lates the depth to the seasonal high 
water table. 

In some regions, it is possible to 
use plants as indicators of soil drain
age in outlining runoff-producing 
areas. Hack and Goodlett (10) de
scribed the method of physiographic 
ecology for humid areas. In Vermont, 
for example, northern white cedar, 
white spruce, and balsam fir that are 
not located in old-field sites outline 
approximately the maximum extent 
of the saturated area in most years. 
During very wet years, and at the 
hase of long slopes, the saturated area 
mav extend into a hardwood cover 
that includes butternut, yellow birch, 
and basswood. Sedges and occasional 
willows and elms outline the minimum 
extent of the saturated area in late 
summer (27). 

The use of plants as indicators of 
soil wetness should be approached 
with care becac..ie plants reflect only 
broad regimes of soil water rather 
than specific seasonal characteristics. 
Plants are also affected by nutrients , 
light, and land use variations. 

A Day-to-Day Accounting 

The techniques described above 
can be used to predict seasonal maxi
mums and minimums of saturated 
areas within catchments, but for a 
day-to-day accounting of the extent 
of a saturated area, some hydrologic 
technique involving a routinely mea
sured parameter is necessary. 

Often there is a correlation between 
a stream's base flow and the extent of 
the saturated area within a drainage 
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phographic (concerned with the iden
tification of land forms), morphoge
netic (describing the origin of land
forms), morphometric (giving mea
surements such as height, distance, 
and steepness), and morphochrono
logic (concerned with the age of 
landforms). In practice, the age and 
genesis of particular features are often 
difficult to determine, and the mor
phographic and morphomeh'ic ele
ments dominate. 

Most geomorphological maps pos
sess two disadvantages for showing 
information on soil erosion. First, the 
maps are cluttered with extraneous 
material making it difficult to extract 
relevant information. Second, they 
generally include insufficient detail 
on the factors influencing erosion. 
This second deficiencv means that the 
maps must be consIdered static in 
concept. As such, they provide a poor 
base for assessing spatial and tem
ponll variations in erosion intensity. 
By carefully selecting parameters and 
appropriate symbols, however, a spe
cial-purpose map can be produced 
that is dynamic in concept and can 
enhance the undcrstanding of the re
lationship between erosion incidence 
and its controlling variables in the 
area being studied. The value of 
special-purpose maps is increasingly 
being recognized in the field of ap
plied geomorphology because of their 
simplicity and flexibility (6, 19). 

In addition to showing the type, 
intensity, and location of erosion, the 
aim of our mapping system is to por
tray information on the spatial dis
triblltion of erosivity, runoff, slope 
Icngth, slope steepness, slope curva
ture in profile and plan, relief, soil 
type, and plant cover. As many fea
tures as possible are shown on a single 
basic map, using linear and areal sym
bols dcrived largely from the work of 
Verstappen and van Zllidam (19) and 
Gerlach and Niemirowski (8). Addi
tional features arc shown on a series 
of overlays, for example, erosivity 
(using isoerodents), soil type, and 
slope steepness (using area shading). 

The most suitable base for the main 
map is a detailed topographic contour 
map. A large amount of data can bc 
extracted from the contour patterns, 
such as reliet altitude, slope length, 
slope steepness, and slope curvature. 
Furthermore, a topographic map 
shows settlements and communica
tions from which a surveyor can re
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AERIAL photographs provide a 
"'" base for mapping soil erosion 
and evaluating soil erosion hazards. 
This is because most erosion features 
are visible in direct stereoscopic 
image, and those that arc not can be 
readily inferred from tonal variations 
(2). Compared with ground surveys, 
llSC of aerial photographs minimizes 
the time requircd to produce maps 
and lowers thc cost of surveys (20). 
Yet, in spite of the work by a number 
of researchers (15, 11, 3), no standard 
technique exists for mapping soil ero
sion. 

Derivation of Mapping System 

The rate of soil erosion by water is 
governed principally by rainfall ero-

A. R. \Villiams is a former masten stu
dent and R. P. C. Morgan is a lecturer at 
the NationaZ College of Agricllltural Engi
neering, Silsoe, Bedford MK45 4DT, in
gland. 

sivity and soil erodibility. It is in
fluenced locally by relief, slope, and 
plant cover. These factors also pro
vide the basis for geomorphological 
studies of fluvial erosion both on hill
sides (4) and in drainage basins (10). 
Because of the similarity bctwecn 
studies of soil erosion and fluvial geo
morphologv and because the tech
niqncs of geomorphological mapping 
are reasonably well established, it 
seems logical to examine these tech
niques from the standpoint of their 
suitability for mapping soil erosion. 

Different countries have developed 
their own systems of geomorphologi
cal survey (9, 12, 18), although at 
least two attempts have been made 
recently to produce a more unified 
system (6, 19). Some common fea
tures emerge from the profusion of 
techniques and symbolization that 
exists. Most maps portray four catc
gorics of information. These are mor
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