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Summary

A series of five papers compares the cost-effectiveness of dlﬁ'erent procedures for
“soil survey at medium scale. The first three are presented here.

The whole trial area of 120 km? in Berkshire, in south-central Engiand, was
mapped in s0il series by free survey at 1:25 ooo for publication at 1:63 360.
Three contrasting sample areas of 126 km?® were resurveyed to the same legend
by free survey at 1:10 560, and by grid survey at a range of scales between

. 1:20 000 and 1:7¢ 609, to bath general purpose (soil series) and fifteen—twenty
~different single-property legends. The’direct costs of nroducmg each map were
.recarded.

The study confirmed how much the free sufvey procedure depended on the
external features of soil boundaries to locate:them. The density of soil observa-
tions required to map soil series by free survey:at: the same map scale in different
“terrains was approximately proportional toithe JIéngth of mapped boundary/km?®,
ror to the number of separately mapped soil occurrencestkm®. The density was
"least where the soil boundaries had the clearest external expression. Survey
effort/km? increased in proportlon to the density of observations but was also
_affected by local differences in the ease of cross-country access, or in the effort
"necessary (by spade or auger) to identify the soil at’a point.

For soil series grid surveys there are approximately linear relations between
log{cost) and log(map scale} with gradlents between 1-3 and 1-7.

A map of soil series by grid sutvey is more expensive than a map of the same
units, based upon the same density of observations by the same surveyor, by free
survey. But a series map by grid survey by a scientific assistant is cheaper than
a series map based on the same density of soil observations by free survey by a
scientific officer (diplomate or graduate). The cost of an isoline map of a single
goil propercy depends very much upon the cost of determining the property
mapped, and to some extent upon the number of different isoline maps produced
from a single set of samples or observations. Even at the unusually low costs of
chemical -analyses assumed here, an isoline map of one chemical property costs
nearly twice as much as » series map by grid survey.

Introduction

'HERE have been no direct comparisons between the utilities of soil
Fs measured in any defined or measurable way, and the costs of the
surveys that preceded them

! This is a senes of five papers. The first three are presented here with a single
ammary at the beginning and a single list of References at the end. Figures and
ables are numbered consecutively through the first three papers.

¢ Now with Land Résources Division, Directorate of Overseas Surveys.

vrnal of Soil Science, Vol. 22, No. 3, 1971
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Indeed there has been very little discussion at all on how to assess
the utility of a soil map or the efficacy of a soil survey procedure.
Webster and Beckett (1968) have suggested that the utility of a soil
map depends on the uniformity of significant soil properties within
the area of each mapped soil unit. They have rcviewecr the available
data on the uniformity of soil proe\em’m within defined profile classes
and mapped soil units éBeckett and Webster, 1973). Beckettet al. (1 96%),
Beckett (1968), and Bie and Beckett (1970) have indicated how the
utility of a soil map, assessed in this way, may be found to depend on
the nature of the soil units mapped, on the map scale, and on the survey
procedure employed. )

There is not much published information on the costs of soil surv:‘\)':
Bie and Beckett (1970) have reviewed what is available. They relate the
costs of soil survey (in money or effort) to the scale of the soil map
produced.

This series of five papers presents the results of a preliminary field
study of this complex subject.

Atm :
The aim of the study was to ascertain, within a given area of moderate
complexity, how the costs or effort of soil survey, and the utility of the
soif map produced, depended on the survey procedure, map scale, and
map legend, and on the comglexity of the soil pattern surveyed.

econdarily it examined the conventional or free survey procedures
commonly employed to produce soil maps at medium scale, It attempted
to estimate how far a soil surveyor depends on external features such
as vegetation, land use, and landform in locating the soil boundaries
he maps.

Partpl describes the area of the trial, the survey procedures compared,
and the measurements made. Part 11 discusses free survey procedures.
It relates the survey effort per unit area, necessary in different parts of
the trial area, to ditferences in the complexity of the soil pattern, in the
soils themselves, or in ease of access. Part III presents the direct
costs of soil survey by different procedures and at different map scales.

Parts [V and V (to fotlow) compare the utility or information content
of the soil maps produced by different procedures and at different
scales, and relate the utili?' to the cost of each map in order to compare
the cost-effectiveness of different survey procedures.

I. THe DEsSIGN OF THE EXPERIMENT

(P. A. Burrough and P. . T. Beckett)
Location
The triai area covers 120 km? of agricultural land in north-west]
Berkshire (Fig. 1a), 30 km WSW of Oxford, chosen to avoid built-up]
areas.
The solid geology and major alluvial deposits are shown in Fig. 15
The area was strongly affected by periglacial conditions during the



COST AND UTILITY IN SOIL SURVEY 1-1II 361
Pleistocene. There are extensive hill-wash and solifluction deposits on
the scarps and on the lower ground beneath them. Chalky ‘sludge
gravels’ (Webster, 1966) or silty drift cover considerable areas of the
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“16. 1. The study arca.

Vale of the White Horse. Much of this lacks clear topographic expression
{cf. Davies and Gamm, 196g). Similar deposits occur below the Coral-
lian scarp. Both merge into the clayey alluvium of the minor streams of

the Vale or of the Upper Thames valley. Without augering to » m' or

more I i$ not easy to distin%uish clay alluvium or dritt from clay soils

formed in situ, nor is it possible to predict the distribution of calcareous
Bb
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or non-calcareous clays of either kind. Studies in adjacent areas (e.g.
Avery et al., 1959; Loveday, 1962) have revecaled loess admixtures of
variable depth on the plateaux of the chalk diﬁslope, and on one but not
always both sides of the dry valleys in the chalk, and possibly elsewhere.
Solifluction has produced considerable deposits of mixed ‘head’ material
on the bottoms and sides of the dry valleys (cf. Ollier and Thomasson,
1957, in the Chiltern hills), of which the surface horizons are locally
decalcified, particularly on lower or flatter sites.

Because of solution hollows in the chalk (area 2) and the irregular
‘braided stream' deposition of the gravels (area 3}, the depth of soil
over chalk or gravel 1s highly irregular, and soil changes as %reat as those
between series (area 2) or phases (area 3) recur frequently over short
distances.

The northern half of area 2 has been under intensive arable caltivation
for zo-2g years but the southern half only within the last s—6 years.
There is still a contrast between the OM contents (and hence CEC)
of profiles in the two parts of the area, even within the same series,

he trial area may be divided on geology and relief into seven land-
scape units (Fig. 1¢ and Table 1). Special areas of 1-26 km? were selected
to represent three contrasting landscapes.

Soil survey procedures

The free survey and grid survey procedures to be compared cover the
range of procedures normally employed in soil survey at medium or
large scale. '

‘ree survey (Steur, 1961; Buringh et al, 1962) describes survey
procedures in which the positions of soil observations are not pre-
determined or regularly arranged. Free survey is discussed in Part II.

At the time of this study the trial area was being mapped in soil
series by free survey at 1:25 ooo, for publication at 1:63 360 (Jarvis,
in press) by M. G. Jarvis of the Soil Survey of England and Wales.
The resulting map (635S!) covered the whole of the trial area. Fig. 2
shows the part which covers special area 1.

P. A. B. remapped the special areas, to the same legend (with one
phase subdivision in area 3) but on field sheets at 1:10'560 appropriate
to publication at 1:25 000 (258S?). Fig. 2 shows 25885 for area 1.

7id survey. A basic rectangular grid of 6 X 21 sites at 100 m spacing
(one site per hectare) was laid out within each special area; in effect as
‘organized grids of random origin’. This shape covered the greatest
variety of soils for a given effort. The grid for each special area was
planned in the laboratory, and then approximately tea sites in each area
were laid out to 4-1 m with plane tabre and compass, and the remainder
to -5 m by compass and pacing. There was a slight and unbiased
adjustment, not exceeding § m, of a few sites in arca 1 which fell on
disturbed ground. :

1 Throughout this scries the first part of the symbol, e.g. 63, 25, indicates the map
scale (1: 63 360; 1:25 000) or the density of the samphing grid (100/100). The second
part of the symbol is SS—Soil Series, API—Air Photograph Interpretation or, in the
case of single property maps, OM (organic matter), Clay, etc.



363

COST AND UTILITY IN SOIL SURVEY I-I11

(F9b2) A1aay
(zg01) Aepaso]
{4501)
‘QustoLN ], Pus IO

2y wydo
nSA crﬁ %ﬂ»u\— .uied

£PA1S83| E|OF PUE STUIZPUIN
W[OS SNAATIED Um0y

JoNT jur
“pojy ‘elocy uT papur
£4o(ea VWIS Yils sAoT
A PSIRKEC §-N ptag

A¥QD PPIN

adopdiy XITYD 'TA

JITRs

uado 7 o8 pus &eutzpuat Bucng ‘eéLaqTea aquuoo)) H¥YD APPIA Pus .
?ooﬂﬁwv-_-_um.u_m.u! E:ﬁﬁ .o.pmuu\mfoh%sm ‘sjios rﬂ.ﬁﬂu._ﬂ umolg aap) Aq pasenQg LRa0r] ‘pussudun 2ady dzeog feyd ‘A :
g R0y vy,
uum.mat pnpang
sfai¥ 110w pungad pun yup €3 puT WRi .
y & a1 JA0A LN CHOIIWI(TD ~N[E Qi pRIY  efafrea PUTSIIUY 1DM0] ‘8AS1D) .
nvonwwwo.wuuﬂﬂwﬁx (oq ¢ w w—%u:mvwma:n -U0U vﬂuq SNOANTITD AO[ITYS © PPOJQ QVTIR] 4 neDH puUt ISpuaunury A APDD 'QA)
sdaf(ea pyoag 4q A¢[J 38puaununyf
A o 03=Z s[ros & Ui unouosd PAISISEID ‘Jalr vlapows PUs  'PUBIUSIID 130 .
‘ipdr 6To1) ey :n.._v”ﬂ.m-mwuw %_asw umoE i tumuﬂ.wugone v Jo $3do[3 Tpoows proig 'Ruoiwry usTreIo adojsdig wEIIBIO) BAL

820 MIYAY 7 Jo oo

(1]
IP61 *0T61) IRy

Buriapl OG0B
-3uK] UO  £)102 SN0

3 L -w° vmcag -pubsuaa P Busag PULSUSIIS) Jamory
(w + -H M..ﬂ_owvmm.anea_ u_»ioq uo u?.wﬂu_ sow "PA2INP YAy 3wy dirog PUC RUOIDILT LENEIO] daesg usyesa) “jif
PRy A3 Rl

) T1-¥) 218
w:—«mvvoo‘ué Aﬂaunnn U_NF-A«

Jatoar 22UFME SO WY
-“UoU  pun  BNOUDED

SIapop a8 Yl
Pacde> iy prosq ‘mo

A0 3240
PLall pup el pIoikQ

spunjao]
£ pO330 11

61) 1
asmom:wc eﬁ.mwvc..m

uxdo (v z1-¥) 2z10
nﬁwa_dwwoz {A3[9Q) ajquey?

AUy U0 ka8
INem DTLNT 1E3ICLN vO
Hulhd)B 3noglia puo Yiram
‘S0P ENOATEIJT> UMDy

0904J2; puB
uieid pooy panpqns L34

wrAR e uied
poog 1401 piojry 2ase
FpAWE  13A SucISWIY

Saud ] Rwey | Y
anm [ sruwy] 4441

o pup) pudupeng

s

Ao 1koulyS 2 [y

]

nun duRey

D247 17 3y fo uonduasaq
T 1 3Tav] .



364 P. A. BURROUGH, P. H. T. BECKETT, AND M. G. JARVIS

When 3 site had been located the soil series (or phase) present was |
identified according to the legend of 2555, by examination with the
25 cm auger. Then the principal features of the main horizons (Table 2)
were recorded. Finally fifteen auger cores, 0~20 cm, were taken from
within §:m of the site and bulked for subsquJent laboratory analyses
(Table 2). Preliminary trials (cf. Reed and Rigney, 1947) suggested
that much of the short-range variability between indmdua% cores

could be 'eliminated by bulking this number.

TABLE 2
Soil properties determined at grid points

dn the ﬁeld: by 2°§ cm screw auger

(@) Soil series (or phase) identified

(b) for each major horizon:
Munscll hue, velue, and chroma
Degree of mottling (areas 1 and 3 only)
Huc, value, and chroma of mottling (arca 1 only)
Clay and sand content®
Cirbonate content®

Structurc and consistency (topsoil o—=0 em, in areas
2 and 3 only)

(©) Dept(x to carbonate, mottling, gravel or bedrock

In the laboratory (on sample bulked from 15 auger cores within § m of site)
Organic matter
Clay contentt .

* Cation exchange capacity

pH '
Available K and Mgt

* Clay and sand estimated manually; carbonate by effervescence with HCI.

+ Per cent clay estimated manually by comparison with mechanical analyses of a
few samples. .

I By stendard N.A.A.S. procedure.

The list of properties to be determined in the laboratory included one
(available K) fike y to have been much affected by farmers, some which
probably, were less affected (pH, available Mg,* and to some extent
organic matter and cation exchange capacity), while clay content was

_likely to have been little affected.

. Records were kept of the time taken to lay out the grid and to visit
every grid site in each special area, and sufficient records to calculate
the average time necessary to identify the soil series, to describe and
record soil properties, ang, to collect and bulk a soil sample, at a grid
site in each area. ‘

From the 126 grid data for cach special area it was possible to extract
sets of data apg)ropriate to grids of lower density; in particular we
extracted 63 grid sites at spacing of 100 42 (= approx. 140 m) (140/140),
42 sites on grids of 100 mx 300 m (100/300) and vice versa, and 14

3 Unfortunately, and unknown to us at the time of the survey, patrt of area 2 lay

within a former RAF bombing range. Broad bands of high Mg still mark the fall of
flares and incendiary bombs, but other properties seem to be unaffected.
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lites at spacings of 300 M X300 m (300/300). As well as.a legend of
30il series, as for 2588, it was possible to draw up several kinds of
single-property map legénds from the same basic data. A list of classes
was_drawn ‘up for each soil property measured or recorded. Where
available we used class limits already 1n use by the Soil Survey of Great
Britain (Soil Survey Staff, 1960) or the National Agricultural Advisory
Service (1967). Otherwise tge values for a property were divided into
classes of equal range! :

Gnid maps were §rawn for series and for every soil property recorded
or measured, for every density of grid sites in each area.

The interpolation of the boundaries or isolines was purely mechanical,
unaided by’any external soil expression on the ground or on air photo-
graphs. This extreme’application of the grid survey procedure facilitates
a clear-cut comparison with free survey which does make use of external
soil features to locate boundaries. But it will bias subsequent com-
parisons (Part IV) against grid survey,

Without any external aifs the boundaries on grid maps of soil series
had to be straight lines midway between grid sites. Fig. 2 illustrates the
100/100 and 300/300 maps of soil series for area 1. Undoubtedly such
stepped boundaries dre ugly and unnatural; but the debatable area
between smoothed boundarics and the corresponding stepped boundaries
may not be very great. In the 140/140 maps of soil serics, boundaries
midway between grid sites would have lain across all the sites not used
in plotting the map, leaving norie by which to check its utility (Part IV).
So in this ¢ase the boundaries were very slightly biased, just enough
for each site not on the 140{140 grid to be allocated to the series to which
the majority of its nearest neig%bo'urs belonged.

Boundaries on the grid maps of single propertics (Table z) were
plotted as isolines (Fig. 2). Records were kept B.'om which to calculate
the average time taken (per km?) to draw up the legend of a single-
pr(;})erty map, and to interpolate its boundaries or isolines.

ir photograph intérﬁretation (API). There already existed a ma

(63 API) of é)hysiograp ically defined soil-landscape units for the whole
trial area (Beckett and Webster, 1965) produced by air photograph
interpretation with limited ground check (i.e. about 10 per cent of the
area was visited). The air photographs used were old and of poot to
average quality, and stereo-overlap was incomplete. Area 3 was re-
surveyed (40 API) by Dr. R. Webster by means of ncw and better
photographs at a scale of 1:20 000, without ground check but drawing
upon comparable prior experience of the area. '

Finally all these were combined to produce a best possible map (BPM)
for each special area, based upon all free and grid soil observations, and
all available aids to the interpolation of boundaries. Fig. 3 presents the
result for arca 1.

Virtual map scale

We wish to compare the costs and efficacies of the range of maps thus
produced. But, to compare like with like, it is first necessary to order
them according to the amount of detail they purport to show.
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F1G, 2. Examples of s0il maps of special area 1.

6355—Soil scrics maps by free survey at 1:25 000 (182 obswns./km?).

2555~—Soil series map by free survey at t:10 560 (140'8 obsyns./km?).

100/106SS—Seil scries map by grid survey at 100 m spacing {100 obsvns./km?).

300/300SS—Soil series map by grid survey at 300 m spacing (11-1 obsvns./km?).

De = Denchworth; FE = Ford End; Fl = Fladbury; Fm = Fembam (now
Shellingford); Md = Mcad; Uf = Uffington (now Kingston) scrics.

100/100 Clay 1, 300/300 Clay 1—isoline maps of clay in the surface harizon from
grid obscrvations at roo m and 300 m spacing.

100/1000M 1, 3006/300QMi1—ditto, for organic matter in surface horizon.

The scale of a published soil map is commonly and conveniently
taken to be an approximate indication of the amount of detail it shows.
Up to a point ths is justified, as the minimum scale for a soil map is the
ratio of the smallest area that can be printed to the smallest area of soil
that has been distinguished by the surveyor. But often the map scale is
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not the minimum possible, and it is affected by other factors too. For
example there are several different conventions for the ratio between
mapping scale and publication scale (e.g. Bie and Beckett, 1970), and
the scale of the field maps may be limited by the availability of suitable
base maps, or publication scale may be uniform for the whole region
covered g one organization. If the ma
scale has been affected by any of theseit [,
may not provide a suitable measure of the j
amount of detail shown. Nor is there any
obvious relation between the scale of a
base map and the publication scales of soil
maps derived from grid observations of

varying density upon it. @
ome workers calculate the map scale
appropriate to a given amount of detail, by é De
3
]

re atingrit to the density of soil observa-
tions. Thus Vink (1963) quotes recom-
mendations that the scale should be
adjusted to give on average nine obser- fe
vations per c¢m® of published map (Soil
Survey Staff, 1951); five observations/cm? 31
Steur, 1961); two observations/cm? , 1 Km
ORSTOM), all for surveys not depend-

ing upon air photograph ' interpretation.
Boula1ne(196£ recommendsa virtual map
scale such that there are four observations
fcm?® of published map.

There is some justigcation for adjusting Pe
map scale to the density of observations. =
An experienced soil surveyor tends to
adjust the density of his observations
according to the amount of detail he wishes Mo
to record. There would be no point in
making cxtra obscrvations to map out 3 Fic. 3. 'Best possible map’
soil boundary more tortuously than could (BPM) of soil series in special
be represented on the published map, or  area 3, compiled from 2555, from
than it needs to be known by the potential 20 PPEE PR B9 & B0 )
users of themap. Inany one procedureof  guailable aids to the interpolation
soil survey the density of observationsis~ of boundaries. Soil series as in
likely to be related to the amount of detail Fig. 2.
shown as long as only a few boundaries, )
or a roughly constant fraction of boundaries, are located mainly on their
external features. The number of observations necessary to map a given
amount of detail must fall off in proportion to the fraction of boundaries
that may be mapped on their external appearance. Even so, the density of
observations scems to provide a better measure of detail than map scale,
and one less affected by arbitrary or unrelated factors.

So we have calculated a virtual scale for each map, .such that on
average there will have been five soil observations/cm® of each map.
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This figure is approximately medial to those quoted by Vink; it is also
the whole number which most nearly brings Jarvis's survey of the
whole trial area to the scale of 1:63 360 at which it was to be published.

Table 3 lists the virtual scales thus calculated. For subsequent
comparisons note that this convention tends to attribute a somewhat
smaller scale to soil maps by free survey than is justified by the amount
of detai) they show. .

We have taken its imblication scale of 1:63 360 for 63API, and
1:40 coo (twice the scale of the air photographs from which it derives)

for 40API.
TABLE 13
Virtual scales of the maps to be compared
Derity &
observations{hm? Vistuo! scoles
Area Area
; ) T 3 3 ¥ » 7
E 53 8 " ! [ 3
oo it [t [z [ s [ oo [ apte [ gt
¢ id 53] :
e Lot ' S
" . ool10055 } i .28 Soo
' 10030055 33 LA
; ) 300 jSS HE 1:5 coo
.APL ¥l o 1140 O00
‘y 3 3API v 1:93 360 -

1I. CONVENTIONAL OR FREE SURVEY
P. A. Burrough, P. H. T. Beckett, and M. G. Jarvis

. A Introduction

The term free survey was proposed by Steur, 1961; and by Buringh,
et al., 1962, {o distinguish s];i] l;urve )lgron:edureg in whichydirect sgoil
observations (by auger, pit, or cutting{ are irregularly located accordin
to the judgement of the surveyor as survey proceeds. It was contrasted
with grid surveys in which observation ponts are predetermined and/or
regularly positioned. The term free survey commonly carries the
connotation that soil boundaries are located partly on changes in
external soil features such as landform, vegetation, land use, though
this was not part of its original definition. In this respect there is no
sl'lar;il distinction between free soil survey and soil survey by air photo-
graph interpretation (API). Free survey procedures tend to be used
where there is some external expression to soil boundaries &or most of
them), though not sufficiently consistent for mapping by API.
. At present most soil maps at medium scale in north-west Europe and
North America are produced by free survey.
Aim _ _
This paper describes free soil surveys of the whole trial area for
publication at 1:63 360 (635S), and of the three special areas at
1:25 000 (2558). It discusses the decistons and compromises implicit
in free survey.

The maps are compared with each other, and with check observations



COST AND UTILITY IN SOIL SURVEY I-1I1 369

it-126 grid points regularly spaced at 100 m in each special area, to
1scertain : gf How far the time (or effort) required to produce a soil
nap at 1:63 360 depends on the complexity or intricacy of the soil
rattern as mapped. It is useful to distinguish between complexity or
he number oF separate soil occurrences in a given area, and intricacy,
vhich indicates the tortuosity of their boundaries. (2) To what extent
‘he extra effort required to produce soil maps at larger scale is justified
>y the increased accuracy.

The Procedures of Free Survey

Many authors have discussed the conventional soil survey procedures
-eferred to here as free survey (e.g. Soil Survey Staff, 1931; Clarke, 1957;
Buringh et al., 1962; Vinz, 1963; Findlay, 1265; Flodgson. 196§7).
They agree more or less on the main stages, though individuals and
rrganizations disagree on details and on the order of some of the stages.
The main stages are:

Establishment of a provisional legend

(1) From Fublished works on local geology and geomorphology, from
arevious soil surveys in similar areas, and from reconnaissance traverses
jesigned to sample every local combination of parent material and
:opography, the surveyor either (2) draws up a list of every type of soil
found in the area, and groups them into profile classes,! which are
briefly described: an area within which one or other, or a stated com-
bination, of the profile classes predominates, then becomes a provisional
mapping unit, or () resolves the soil-landscape directly into provisional
mapping units; these are commonly but not always chosen because
they can be mapped by their external features.

As the survey proceeds and the surveyor perceives the associations
between profile classes and discernible elements:in the landscape,
a provisional legend of type (a) tends to develop into one of type
(4). Some organizations allow mapping units to be modified during a
survcf; others (e.g. Soil Survey Staff, 1951) require that the legend be
complete before survey begins. There are disadvantages to both
procedures. ' ] _

(2) For either legend the mapping units are usually described in
terms of their constituent profile classes, except for miscellaneous
landscape units such as ‘badlands’, ‘minor alluvial bottomlands’, which
are defined 2s such. '

Mapping _

(3) The profile class at any point is identified by auger or spade.
Commonly the surveyor works along a loose traverse looking for the
changes in the external features of the s0il which he can show to be
associated with soil boundaries. On encountering an unfamiliar change

t Profile classes are groups of similar soil profiles, which need not be contiguous.
Mapping units are cohcrent arcas of land, the soils of which may be adequately
described for the purpose of the map by simple statermenta. As usually defined a
soil scries is a profile class, but a mapping unit in- which one serics predominates
commonly cerries the same name. The map legend is the list of mapping units.
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in external features, he may make several soil observations in order
to verify that it is related to a soil boundary.

(4) Once located, a soil boundary is extended, erther by repeated soil
observations or by plotting external features known to be associated
with it, with occasional check observations to confirm the constancy of
the association.

(?\) Additional observations may be made to confirm that the soil
within a boundary is uniform.

(6) Typical examples of each profile class are described in detail and
samples taken for analysis.

e relative contributions of the two procedures in (4) depend on
the individual surveyor, on the consistency and clarity o? the external
expression of soil changes, and on the time available. Clarke (1957)
insists that the boundary between mapping units be located by frequent
augering and Vink (1963) estimates that up to 8o per cent of all soil
observations may be required to locate boundaries. Buringh ez al.
}1962), Findlay (‘;963’), and Hodgson (1967) refer to the aid of external

eatures, but stress the importance of frequent augering.

But Goosen (1967) notes that there is often insufficient time to locate
all boundaries by augering; the best passible use must be made of the
‘correlations between soil profile differences and soil landscape changes’.
Faced with a soil boundary lacking clear external expression, the surveyor
has to decide whether to combine the two adjacent soils into a com-
pound mapping unit, or to spend time on extra observations to locate
all the boundary (as in 25535 below), or to make an inspired guess.
Whatever his decision, the surveyor cannot adequately map soil bodies
that are not discrete or coherent at the scale of mapping.

Sequence of operations ~ This Investigation

Part | describes the trial area and resolves it into seven landscape
units on geology and relief (Fig. r¢).

40 per cent of the area, mainly in landscape units I'Vb and V, had
already been surveyed by one of us (M. G. J.) before this study started,
for publication at 1:63 360 (635S). The first author (P. A. B.) accom-
panted him in the field during 49 days between January and June 1967
while he surveyed the remaining 6o per cent. He noted the decisions
made, the observation points, and all time spent.

Some months later he (P. A. B.) resurveyed the three special areas in
landscape units I, IVb, and V on field sheets at 1:10 560 (25S8S) to the
same legend and by the same J)rocedure, but with no other reference to
63SS. Observation points and times were noted. After this he located
126 (6 X 21) sites on a 100X 100 m grid in each area, and identified
the profile class at each.

F1G. 4. Soil surveys of the three special areas at 1:25 000 (63SS), at 1:10 560 (2588),
and by adding to the latter information from 126 grid points in each area (BPM).

Symbols represent soil series (and two phases): Ca = Carswell; Cr = Charity;
Ct = Ceombe; De = Denchworth; FE = Ford End; Fl = Fladbury; Fm =
Femham (now Shellingford); Is = Icknield; Is = llsley; Ktd = Kelmscot
(deep phase); Kts = Kclmscot (shallow phase); Md = Mead; Ra = Radley
(now Badsey); Uf = Uffington (now Kingstan).
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The ‘best possible map’ (BPM) of each area combined all observa-
tions from 25SS and the 100/100 grid, with the maximum possible use
of all external aids to the location of soil boundaries, -

There were also two maps compiled from air photographs: 63API
at 1:63 360 and 40API at 1:40 000,

Figure 4 compares 6388, 2555 and BPM for the three special areas.

Free survey at 1:25 000 for 1:63 360 (6388). The surveyor had a

rovisional legend of tentative mapping units based on the prohle classes
Fsoi] series as defined by Findlay (1965)) he had listed on a preliminary
reconnaissance at the start of the survey three yyears earlier. Several

rofile classes were adapted from the more loosely defined units of

?‘s (1934) survey in the Vale of the White Horse, whereas others
had been first defined in simila¢ landscapes elsewhere (e.g. Robinson,
1948; Osmond et al,, 1949; Avery 1985, 1964). Some were modified
during the survey. Several pairs of tentative mapping units bave been
combined on the published map which was drawn up after this study
was completed (Jarvis, in press).

Profile classes were identified in the field by means of a 2-5 cm screw
auger. :

t ‘roted’ observation points the soil profile was briefly recorded in a
field notebook, and on the field map sheet as a numbered dot. These were
mainly to ascertain which profile classes were present in areas not
previousl examined, or to record soils within mapped boundaries.
Check’ observations were mainly to verify boundaries: these would not
have been recorded except for this study (by P. A. B.). Table ? records
the average densities of noted and check observations overall, and in
each landscape unit. : :

Only ‘noted’ observations had been recorded in the areas of units IVb
and V surveyed before this study started. Soil patterns in these units
are of comparable complexity to units I and ITI (Table 6). So the total
densities of observations in units IVb and V weré estimated from the
ratios of total/noted observations over the whole area, and also in
units I and II1.

On average only 30 per cent were ‘check’ observations to verify
boundaries, or to veri?y their association with external features; the other

o per cent were ‘noted’ observations to describe the soils within them.

his contrasts with the experience of Buringh et al. (1962), in an area
where the soil boundaries Eacked external exlpression, who used 75 per
cent of ‘plotting observations’ to locate soil boundaries, and only 24

er cent to identify soils within them. On days when survey commenced
In a new landsca%e unit (the ‘exploratory days’ of Table-4) the ratio of
noted to check observations fell to about half (Burrough, 1969): in an
unfamiliar area the surveyor needed extra observations to verify the
association between soils-and external features. '

From this and from the large proportion of noted observations, it is
evident that the boundaries mapped were mainly located on their
external features, as suggested by Goosen (1967). /This probably
happens more often than might be inferred from some of the publications



373

XDUTILITY IN SOIL SURVEY I-I1I

COosT

[£10) 1spPc Fwany AaITs Jo {in

s&up Kaoyeaordxa, 1 : (6961 ‘YBNOLING) SUONBAIIEGO patau, UL 33D, JO (1A "BAT 'TT] ‘[] '] $itun) uoresasias wouy pasipndjery

‘u0?82:801 W01y PIPHIIRD 3¢ sALp KIOLRIO[AXD JI qunyf
‘eAY *131 11 ‘) uoisEaBeI (&340 puk (] 10 | WO}) SUCNEAIISQO [830) JO K)l6uap wasy parede) §

Y §.€ 30 dnjeA Saalf g | :SUOHIAIISQO

LUD[SUONTAIIEQO [RI01 Z-8T SOATR QT 'uOlss1Boa wiol) papndxa aie (X9 298)

*SUOOTAIIEQO ,pII0UL, JO SPIOJDE Pul { §T) 01101 pIwInsse woly pajenaje)
*JI1 put § sywm aduospuul wWory o

o.lzx 0.001 a.lt £.£1 (2 Tay) 1A
- g-ob1 $.611 bvag £.8% {1 wo1y) QA1
. o.lz1 £.601 S.L1 16 (€ vasv) 1 $§52 (9)
89 £.z1 o.f €8 st i IA
169-8%9 .WMMTWWM. %M.olmo.m mm. mv.Wn.n A
,61-19.01 .0-11. L1 £-L.€ I
169,089 5.61 ve e R UAI
b9 g1z 6.£ 6.1 £t pi91
2L 6.L1 z.§ g.z1 gL 1
89 6.01 +.£ +.L 1.z I §sfg (v)
—" 010 . eMiy st ey wesf {2 uiega ypus
unsge —— [suasgo jorof | fsunsqo yaayn) | ['sunsgo paropr | dacuns uvapy adpospudy
P3N % :

_anas dow puv adaspun; oy

uorgva4 ur Kanuns aaaf 4of 1i0ffq
¥ agvy,




374 P. A. BURROUGH, P. H. T. BECKETT, AND M. G. JARVIS

referred to. Certainly the ' urit{ of the mapping units (Table 7} on
635S was highest where their boundaries had the clearest external
expression.

able 4 also presents the mean effort (h/km?) of survey in each
landscape unit. The figures for units IVb and V are calculated from the
total densities of observations calculated as above, and a regression of
survey effort against observation density (equation 1) calculated for the
other units (Burrough, 1969):

(survey effort in hfkm?)
= 0-40-+0-17(observations per km?) (r = o-83**). (1)

These figures for effort refer only to productive field time. They
exclude time spent on interviewing farmers, sheltering from rain, and
travel within the survey area, or on travel to and from the survey area.
In this respect the figures differ from the ‘man-days per km?® quoted
elsewhere (Bie and g:ckett, 1970, 1971) which include total time in
the field, and time for compiling the final map.

Inevitably soil mapping mvofves compromises. Small areas of a unit
may be overlooked altogether. Even when observed, areas too small to
be represented on a map have to be ignored or combined with the most
similar of the adjacent units. For example in area 2, soils of the Ilsley
series are shallow like Icknield series, but many have a brown B horizon
like Coombe series; all three are calcareous. The profile classes
change frequently within short distances (Burrough, 196g; Cuanalo,
1966}, so that many bodies of Ilsley series were not coherent enough
to be mapped as such, and had to {;e mapped with either Icknield or
Coombe series according to which they most resembled in topographic
situation.

Then some soil profiles differed in one or more features from all the
classes in the provisional legend. Small differences could be ignored,
especially where the land-use capability of the aberrant profile seemed
similar to that of the profile class it most nearly resembled. If the
differences seemed to Ig,e more significant the surveyor usually made
further observations near by to see whether an aberrant profile was
typical of 2 mappable area. When it was, the legend was modified by
broadening the definition of an existing class or defining 2 new one;
when it was not, the anomaly was ignored.

Such compromises diminish the uniformity or ‘purity’ of mapped soil
units; they are less frequent at larger map scales.

Free at 1:10 560 (25585). The legend of 2558 was the same
as that of 63%5, except that the Kelmscot series in area 3 was separated
into shallow and deep phases. Figure 4 shows 2585 for the three areas,
and Table 4 the greater density of observations and the slower rate of
survey. -

Mu}::h of the increased effort was spent on locating small areas of one
soil within the limits of another, and on locating boundaries more
accurately. '
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The distances between observation points were much shorter, so less
time was spent walking and the average total time per observation was
nearly halved (Table 4§ in areas 2 and 3, where augering was easy and
many soils could be distinguished on properties apparent at shallow
depths. The average time per observation was not reduced so much in
area 1 where many soils were clayey, some soils could be distinguished
only by augering to 1 m, and hedges or ditches were more frequent.

Sotl complexity and survey effort

Only 6355 covered all landscape units; Table 4 shows how the rate
of survey differed between landscape units.

TasLE §
Rate of soil survey in the three special areas
Landscape unit 1 IVb VI
Area 3 1 2

Avuerage time per site (h)
1. To identify series at
100 sites/km? 004D o113 o076
2. To collect topsoil
samples, bulked from
15 cores within 5 m o 100 o135 o1y
1. To Jocate and visit
130—40 sites/km?® during
free survey at 1:10 560,
nnd to identify series

at each o971 0105 0104
4. To locate and visit 100
sites/fkm® on 100 m grid o042 010 o0b7

5. Approx. time to visit
130-40 sites/km? during
free survey at 1:10 560
{calc. as 3—1) o022 0052 o028

These differences seem to have arisen partly because of differences in
case of access (see Table 1, part 1), or in case or depth of augering.
Thus Table 5 shows how the average time to identify series (or to
collect samples), and the time to move about within the landscape to
lay out a grid or to conduct a free survey, differ between the three
special areas.

But also the mapping of more frequent changes in soil or of more
tortuous soil boundaries, needs more observations per unit area mapped
(c.g. Tyurin et al., 1959, Buringh et al,, 1962). For areas of equal
accessibility, and soils equally easy to auger, survey effort (h per km?)
might have been expected to increase with the density of observations.

imple analysis of variance (Burrough, 196g) confirmed that the
densities of observations differed significantly (r per cent level) between
landsca?c units, Scheffé's test showed significant contrasts between

IT and IVa, and between (I4-VI) and (11 4-VIa): contrasts between 11
and IVa or T and VI were not significant.
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Presumably the density of soil observations found necessary will tend
to tncrease with the intricacy or complexity of the soil pattern, unless
the areas compared also difter in the external expression of their soit
boundaries (p. 367).

But there is no simple criterion for the intricacy or complexity of
soil pattern. Beckett (1967) suggested that a graph of the variance of a
measured property against the size of the area sampled describes soil
complexity with regard to that property, and Beckett and Webster
(1973) give some examples. This study lacked the necessary data.

Instead, the number of separately mapped soil occurrences, the total
length of mapped soil boundary, and the average distance between the
nearest two soil boundaries to cach of five random points were deter-
mined for every kilometre square on 638S in the trial area. Figure g
presents isopleth maps of their values and Table 6 their averages for
each landscape unit. These are crude measures of soil complexity.

Figure 6a shows how the density of observations is approximately
proportional to the length of mapped boundary per unit area, and
inversely proportional to the average distance between boundaries.
The values of observation density and survey effort for units IVa and V
were calculated indirectly (pp. 372—4). Even so, some part of their dis-
crepanc% from the regression lines is probably real; the soil boundaries
in unit V have marked external expression, while parts of some bound-
aries in unit IVb (notably between soils on ‘solid’ and drift clays, and
between three drift soils of heavy texture) required much survey effort.

Figure 6b relates survey effort in the different Jandscape units to
their average boundary spacings and to the total length of boundary per
unit arca. As expected the rate of survey decreases as the complexity
of the soil pattern increases.

The result of increasing survey effort

In order of increasing survey effort we have the API maps at 1:63 360
and at 1:40 oco (area 3 only), and the soil maps 63585, 2558, and BPM.
Except that one scries in area 3 is mapped as two phases on 2555 and
BPM, the last three all have the same legend, but with average densities
of observation which increase in the proportions 1:10:17.

Figure 4 compares 63585, 2555, and BPM for the three special areas,
Table 7 shows Ey how much the extra effort increased the detail theyi
show. The following discussion compares the maps, and the ‘purities),
of the mapping units in 6358 and 25SS. ‘Purity’ is the percentage of"
the 126 grid sites in each special area at which the proﬁllz: class found
was that indicated on the maps. In free survey without plane table theré
may be minor plotting errors, so that correctly identified boundaries
are incorrectly located on the map: we have allowed for this. !

Though detail and purity do increase on passing from 63SS to 2555
(Table 7) the increases are not the same in the three areas, and they
are not related to the purity of 63SS. The three arcas will be discusseg
n turn.

In Area 1 all three soil maps and 63 API agree éFig. 4) on the
boundaries between soils on the Lower %vreensand and soils on clays.
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TABLE 6
Soil complexity in the trial area®
I\;!can no. of | Mean I;ngth Mean boundary
1 boundary spacing Mean densis
Landscape sorl occurrences | of y
unt per kot krfkmt km of obsuns. fkmt
1 52 23 o5 1079
11 67 40 036 179
1 96 56 016 218
1Va 74 4's o237 19°s
Ivb 56 29 049 19:6=19-9t
v 8 52 o116 16:1-174%
vi 52 11 Q45 12°3

* Avcrsge of values for complete kilometre squares of 63SS, each square being’
allocated to its predaminant Jandscape unit.
4 See Table 2,

~
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Fic. 6. (a) Regressions of mean boundary length (X) and mean boundary spacing

(Q) on mean density of observations, within ¢ach landscape .unit. (4) Regressions

of mean survey effort (man hours per km® on mean boundary spacing (®) and
mean boundary length ( X) in each landscape unit.
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The soil maps also agree on some of the boundaries between soils on
‘solid’ clags and soils on clayey or silty drift, which 63API did not

distinguish. These are presumably boundaries with clear oc fairly
clear external expression. One part of the solid/drift clay boundary .
TABLE 7
The effect of increasing survey effort
No. of mapping No. of separace Bmmdcrz' levegthy Per cent
smity octurrences km|Rm* purity®
Series Serves Sevies Serves
and ond and and
Area Map Serier | phase | Sevier | phase | Sevies | phase | Semies | phose
6388 8 " 6a-
! -ngS ; 0 zz $;:
z 638S . 3 0 18
8| 3 " 2 IS - Y
? ziss 3 " 7 12 5 63 ;3'5 so°s

® Purity a8 ger cent of grid poinw in ¢ach apecinl scca ot which series (or phose) found i thst
predicted by the 635S or 2655 maps.

had been mapped by the surveyor with a dotted line, to indicate un-
certainty: this 1s also the part of it to which 25SS and BPM made most
cocrections.

The extra observations for 2§55 corrected the wrong identification of an area of
Mead (calcareous clayey alluvium) series as Ford End (calcarcous silty drift) series.
They also identified some Fladbury {clayey drift) series within an area tentatively
mapped as Denchworth (solid clay) series, and an unmapped inlicr of the Fern-
ham serics within a mapped arca of Uffington series. The extra observations for
BPM f€urther modified the Denchworth-Fladbury boundary already improved in
2¢SS, and located another inlier of the Fernham series. Apart from these BPM
modified 2558 very Jittle. The areas involved in most of these changes arc small.

Though not ideatical, the boundaries on 63SS and 25SS5, can clearly
be seen to be successive approximations to %PM; they are consistent.
This seems to be characteristic of boundaries which separate discrete
and coherent sail bodies.

It seems that the purity of 6355 is greatest for area 1 because much
of the boundary mapped there had some- external expression. Some
boundaries lacked sufficient external expression to be located by the
relatively sparse observations of 6388, or to be correctly interpolated
between observations. Nevertheless the soil bodies were coherent
enough to be mapped consistently as the density of observations was
increased from 638S to BPM; the purity of 2558 confirms their
coherence.

Area 2 is quite different. There is some agreement (Fig. 4) on the
location of the main boundary between Coombe (Ct) series and the rest,
on the soil maps, and to a lesser extent on 63API, but the correspondence
is poor in detail. Clearly, even the Coombe boundary has inconsistent
external expression, and the others little if any.

Most other boundaries, especially between Icknield, Ilsley, and
Charity, are not consistent between 635S, 2555, and BPM. Some new
boundaries or inliers appear; as in area 1, but some disappear. A

6113.8 cce
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group of Ia~Is boundaries in the centre of the area change their directior‘i}
y 9o° in passing from 258S to BPM. All this strongly suggests that
there is a short-range soil pattern too fine to be shown by the small
number of boundaries that can be represented at the scales employed:
This was confirmed (Burrough, 1969): in many places soil variations
within short distances are as great as the differences between series,|
and areas occupied only by single series are too small to be mapped at
the scales compared here. So, while there is a large proportionate
increase in the number of soil bodies and length of boundary mapped,
on passing from 6358 to 2588, the soil bodles mapped on szg are
only slightly more uniform than those on 63SS; there is only a small
increase in their purity.

Area 3 is intermediate in chacacter. One boundary, between the
Carswell sclaycy drift over gravel) and Kelmscot or Radley Scalcareous
loamy drift over gravel) series, is reasonably consistent on all three soil
maps and on 40API, presumably because it has adequate external
expression. The remaining boundaries between the series on the gravel
have little external expression, so 63SS has the smallest purity of the
three areas.

But, though tortuous in outline, the series boundaries on 2588 and
BPM are more or less consistent, suggesting that the occurrences of
Kelmscot and Radley series (differing 1n drainiﬁe) are coherent. Thus
the purity of 2558 is quite high. In contrast, the phase boundaries on
25§SS and BPM are inconsistent, and the purity of phases in 2§SS is
small, because the difference berween the two phases of Kelmscot
secies (separated on depth of loam over gravel) proved to be no greater
than that commonly occurring over short distances (Burrough, 196g)
within the area of the series.

Thus, over all three areas soil boundaries that could be mapped on
25SS by their external expression could almost certainly have been]
mapped on 6358, and some of them by API too, especially with good
quality photographs. Where most boundaries are of this kind extra
survey effort improves the map very little. Conversely, if the soil
bodies are coherent but lack external contrasts (area 3 and parts of area 1),
extra observations may be expected to produce a better map. ¥

But maps can only record the distribution of soil bodies which are
coherent at the scale of the map. If the soil bodies are too small to be
mapped (as soil series in area 2 and phases in area 3), extra survey
effort may be fruitless until the map scale is sufficiently increased for
the soil bodies to be coherent.

Discussion
- The soil map at 1:63 360 is ?’gical of soil maps widely produced by
conventional or free survey. The complexity of the soil patterns is
comparable to that in many other parts of the world.

The number of observations per km® found necessary by the soil
surveyor, in different parts of the area, depended partly on the com-
plexity of the soil pattern: there is some association between the length
of boundary mapped per km? and the density of observations. But a
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given length of boundary could be mapped with fewer observations
per km? in some landscape units than in others. And the effort per
observation required to identify a profile class at 2 point, or to move
about, also differed between landscape units. Even so the survey effort
needed (hfkm®) was roughly proportional to the density of observations
and to the length of boundary mapped per km?.

Observations (P. A. B.) on the surveyor (M. G. ].) at work confirmed
how much the location of boundaries depended on their external
expression. Only 319 per cent of soil observations by auger were to
check boundaries. The study showed that few, if any, of the boundaries
mapped at 1:10 560 (255S) by their external expression had not already
been mapped at 1:25 000 (g,g.SS). Such units had purities of about
6o per cent on 63SS.

xtra survey effort and larger map scale is justified only in situations
where discrete and coherent soil bodies remain unmapped, or errone-
ously mapped, at the smaller scale because of their lack of external
expression. In these circumstances more detailed surveys achieved
purities up to 85 per cent. Soils which show no differences in external
expression may not differ significantly in their potentialities for agricul-
ture or engineering (cf. Curtis, 1963). ’

Where the profile class changes so frequently over short distances,
that few soil bodies are coherent at the map scale used, then even a
ten-fold increase in survey effort will fpro«:luce only small improvements
in the map, to increase the purity of its mapping units from 4o/50 to

60 per cent.
I11. Tue Costs oF So1L SURvEY
(P. A. Burrough and P. H. T. Beckett)
Introduction
A

This paper presents data on the direct costs, per unit area surveyed,
of the soil maps already described.

Previous work

It is generally assumed that the cost per unit area of producing a
soil map depends on the intricacy of the pattern of the soils which are
to be distinguished, on the nature of the soil mapping units, on the
survey procedure employed, and on logistic or other practical problems
imposed by the terrain. ‘But there are very few published studies on the
costs of soil survey.

Part 11 has indicated how the field effort (in man hours/kmé) required
to produce maps at 1:63 360 by free survey varies with the ease of
access or cross-country movement, with the depth and tenacity of the
soils to be distinguished, and with the length of soil boundary (km/km?)
to be mapped. ‘

Bie and Beckett (1971) have related the overall effort of sixty-six
Australian surveys (in man-days/km?) to the length of soil boundary
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mapped (km/km?); the effort necessary to map unit length of boundary
depended on the nature of the mapping units, and on whether the
survey made use of air photograph interpretation (API) or not. They
also related survey effort to map scale (1970), and indicated how optimum
map scale depends on the intricacy o? the Jandscape to be surveyed,
and on the intensity of the land use to be served by the map. They re-
lated the overall costs (in U.S. dollarsfkm?), or effort (in man days/km?),
of soil surveys from several countries to map scale. Both studies pro-
duced regressions of the form:

B cost per km? '
log or = a+b log(map scale) (2)
man-days per km? '

in which & had values of 1-76 and 1-57 respectively.

_ Veenenbos (1957) discussed soil surveys with and without API. His
figures on cost and scale are related by log-log regressions with similar
values of 5. Beckett (1968) related survey costs to survey procedure
and suggested that for any given survez rocedure there is probably
a range of map scale over which it gives t e]l):st value for money.

: This Study -
i The trial area and the soil maps to be compared have been described.
All maps (except those by APE) were reduced to equivalent virtual
scale (pp. 365-7). _ .

Records were kept of time spent, and costs incurred, in all stages of

the surveys. On average the surveyor spent about one-seventh of his
working c{ay travelling to and from the area being surveyed, and about
one-tenth of his field time on visiting and talking to farmers, on moving
from one part of the survey area to another, and on sheltering from
showers or other adversities. This unproductive field time is excluded
from our calculated costs, which include only the direct costs of soil
survey;. that is the costs and effort of productive field work, and of
analyses, and the costs of compilation up to the production of the first
manuscript copy of the sail rnag. The reconnaissance on which'the tmap
legend of the series maps was based had taken place three years earlier;
no recotds had been kept and so no allowance could be made for it.
. Apart from this we have excluded the costs of HQ or research over-
heads, and- the editorial and cartographic costs of publications, which
together may add as much as 30 to 70 per cent to the costs. We have
also excluded the cost of the surveyor’s own time on office admunistration,
on travel to and from the survey area, on writing up a soil survey
mermoir, or on other duties not directly related to the survey.

General purpose soil maps ,

- Sotl se,ries'malpped by free survey. The effort (in man-hours per km?)
of mapping soil series at two scales by free survey is given in Table 9.
The eftort for 633S in area 1 was’ calculated indirectly (pp. 372-4);

the figure given is the mean of two independent estimates.
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Physiographically defined units mapped by API. No record had been
kept of the time or effort required to produce 63API, but Wong (1967;
see also Webster and Wong, 1969) had recently remapped an adjacent
area, similar to areas 1 and 3, without prior knowledge, and his estimates
are used in Table 9. Thé apparent reduction in survey effort compared
to 63SS is of the same order as the 45 per cent reduction in total
survey effort reported by Bie and Beckett (1g971). Buringh (1960)
reports 8393 per cent reduction in field effort by using API to map
soils at 1:50 oco. None of these figures are exactly comparable.

40API of arca 3 was produced by a special API survey without

round check but drawing upon extensive prior knowledge of the area;
able g gives the time spent on API. . _

Sotl series mapped by grid survey. The effort of mapping soil series
by grid survey comprises the time to lay out a predetermined grid and
to visit every grid site, the time to identify the soil series at every grid
site, and the tume to compile a series - map from the Erid observations.
The last was small, since the interpolation of boundaries was purely
mechanical (p. 365); Table 8 gives the time required for the other

, TasLE 8
Mapping effort, to lay out sampling grids and to identify series

Density of . . .
sitesfkm®, Arear Area z Area 3
' (a) Times to lay dut sampling grid and
. to visit sites (hfkm?)
100/100 100 10 . . 67 42
1405140 502 l-. . 59 S 42 33
oo/ 100 . . : 1 ok .
:00;300 3?3 +4 _ : 33 28
300{300 113 18 L6 15
' ' | ®) Average time to identify the soil series
ot a site (h/sitc)
o113 . | a'076 | 0049

operations. The effort to produce grid maps of soil series at different
virtual scales may be ‘estimated from: these and from the observation
densities of the different sampling grids. They are presented in Table g.
At first sight there is ani apparent discrepancy between these estimates
and the average of twelve sites per day that-are visited by a NAAS
extension officer collecting soil samples for analysis. But his twelve
fields are usually widely spaced and the extension officer probabl
spends some time at each site talking with the farmer, while the grid
sites were relatively close, and the time spent by the soil surveyor
tatking with farmers is excluded from our calculations, :

Comparison between free and grid:survey. * The data in Table ¢
for gnd maps give quite good log-log regressions, like equation (2%
above, in which b has values of 1°7, 14, and 1-3 for areas 1, 2, and 3
respectively,
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Fig. 7 relates productive field time (man hours/km?) to the obser-
‘vations/km? of alrlj series surveys; the curves for the free surveys are
from a log-log interpolation between the two recorded values, i‘ig. 7
indicates how survey effort increases slightly less in proportion than the
density of observations: when observations are more closely spaced,
less tume is Sﬁent on moving from one observation point to another.
For reasons already stated the comparison is biased against free survey.
Even so, and except in area 3 (fewest restrictions on access), free survey
“required some 20-30 per cent less effort than grid survey; for agiven effost
free survey could produce a map at a scale at least 2030 per cent larger.
The differences between the survey efforts required in the three special
areas are mainly {(Part IT) due to differences in ease of access and in the
soils to be separated, and to a lesser extent to differences in the length
of boundary to be mapped per unit area in each. Fig. 8 relatés field
effort to virtual map scale. As expected, the effort required pér unit
area mapped rises mcreasingly sharply as virtual scale increases, but
less sharply than the true parabola (i.e. & = 2 in €qn. (2)) necessary if the
cost of survey per cm? ‘of published map were to be independent of map
- scale {(e.g. Beckett, 1968).

: The costs of series surveys. The-direct survey costs per km? may be
simply calculated: -
© . survey costs/km? _
_ . = man-hours/km? X salary of surveyor/h. (3)
From the basic salaries (including welfare contributions and pension
rights) for a scientific officer (lowest grade for a good Honours graduate}
in the Soil Survey of England and Wales in 1969 (K. E. Clare, persona
communication), and for a scientific assistant (neither graduate nor
diplomate),” we estimated personnel costs at a%oximately £1 38,
(,{ﬁ-l 5) and 7s. (£o0:35) per hour respectively.! The following com-
parisons depend mainly.on the ratio of these two figures, which are
‘roughly comparable to similar ratios in other national seil survey
organizations (Bie and Beckett, 170), and on their ratios to the costs of
analyses. We assume that a scientific assistant (or cornparable) is not
.capable of indetpendent free survey, which is not always true, but that
‘he is capable of identifying series at pre-determined sites, as on a grid,
once a skilled pedologist has shown him the diagnostic features of the
soils to be distm%uished {e.g. Morgan, 1965, Stoneman, 1968). To the
extent that a soil surveyor spends some of his time unproductively or
‘on administration, his time in the field costs his organization more than -
‘this: we continue to omit all expenses other than direct survey costs.
Figure ga averages the costs of soil survey, thus calculated, over the
three special areas. :
Free survey (curve {2} is cheaper than grid surveé at comparable
observation density by the same surveyor (curve 4). Grid survey by a
scientific assistant (curve 7) is cheaper than free survey by a scientific
officer, at comparable observation density. This difference would be a
little but not much smaller if allowance were made for the cost of a

L All costs relate to 1969.
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scientific officer supervising the assistant, which is extra to the cost of
the senior soil surveyor or correlator supervising both.

Special purpose or single-property maps

Excluding, as above, non-productive field time, the cost of producin
single-property isoline maps of soil morghological properties from gri
observations may be calculated as the effort of laying out the grid and
visiting all the grid sites, of recording a morphological prpdperty at each
site, and of preparing an isoline map of the values recorded. For soil
properties determined by laboratory analysis the cost comprises the
effort of laying out a grid and visting all the grid sites, of collecting a
bulked sample for analysis from each site, the cost of its analysis, and
the effort of preparing an isoline map from the analyses.

The effort of laying out sampling grids and of visting cach site is
given in Table 8, On average it took 0-017 h per property per site to
record a morphological property. It took o-13§, 0117, and 0-100 h to
collect and bulk 15 topsoil samples per site in areas 1, 2, and 3 respec-
tively. The compilation of isoline maps from tabulated data took on
average 1 h/km? for the 100/100 and 140/140 grids and o'§ h/km? for
the 100{300 and 300/300 grids, at approximately £1/h.

The costs of soil analysis vary greatly with the equipment and
motivation of the otganization doing the work. We have used a 1969
estimate by the National Agricultural Advisory Service (L. J. Hooper,
T. R. Williams,. personal communication) of ,(E-S?g er soil sample for
simultaneous- analyses for available Mg, P, K, c{) H and organic
matter. This is expected to fall by at least one-third when the analyses
are fully automated. These figures are low; some organizations quote
costs of over {is for similar analjrses.

Maps of soil series are intended to provide information about many
soil gropeni&. . In order to make a fair comparison we have calculated
the difect costs per km? of preparing sets o? isoline maps of four and
of eight soil morphological properties, recorded by a scientific assistant
on one visit; or the costs per km?® of a set of isoline maps of four
properties (Mg, OM, pH and CEC), and of eight properties, all from
analyses of a single bulked sample from each site collected by a scientific
officer or by a scientific assistant.

For this purpose we have assumed that the cost of determining CEC
is equivalent to that for available P and K together; and that the cost of
determining eight properties is twice that of thése four. We have also
compared the costs of the maps if the:analyses of the samples collected
by the assistant are carried out manually as at present, or automatically.
All costs are averaged over the three special areas and presented in

Fig. 9.

Physiographically defined units mapped by API

‘It is not ngsible, from our data, to calculate comparable costs of soil
survey by API. Veenenbos (1957) and Vink (1963) present figures on
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the benefits of API, from which we have derived a very approximate
' ' ‘ costs of survey using API

fi r i . ‘
gure of 30 per-cent for the ratio of costs of free survey without API

There are a few considerations which affect the comparisons offered
in Fig. 9. 'Virtual sczle’, calculated from observation density, is
somewhat unjust to free surve dprocedur&s.which, other things bein
equal, can achieve more dctai{'e boundaries from a given density. o
obscrvations than grid survey. Against this, our estimates of the costs of
free survey and of series maps by grid survey, should have been slightly
higher by a share of the time ot the original reconnaissance, while the
compilation times for isoline maps included some time on the definition
of isoline classes which would have been a plicable to larger areas. The
10 per cent of unproductive field time, ifp it had been included, would
have increased the costs of all the series maps and the isoline maps of
morphological properties in proportion, but the maps of chemical
properties rather less. The cost of supervision would also have slightly
reduced the difference between the costs of surveys by scientific ofhcers
and assistants.

None of these factors alters the relative positions of the graphs of
Fi% 9 by very much. :

igure 9a emphasizes how the mapping of series by free survey
(curve §) is cheaper on average than by grid survey (curve 4?; but an
assistant can produce a grid map of soil series more cheaply than a
scientific officer can by free survey, or at 70-100 per cent larger scale
at the same cost. How much more cheaply depends directly upon the
ratio of their salaries. The cost of sets of four isoline maps of cEemical
roperties {from grid samples) depends on the grade of personnel
curves 1 and 2) %ut it depends even more on the costs of analyses
curves 2 and 3):.at é:q.—,{:s a sample curves 1 and 2 would be five to
seven times higher. Beckett et al. (1967) indicate how the quality of a
soil map is likely to be affected by the cost of mapping the units chosen.
Sets of four isoline maps 6f morphological properties (curve 6) are more
expensive than a grid seriés map, but mainly by the cost of defining
isoline classes and interpolating isolines. Probably -t is quicker, on
average, to identify.series {on two to four properties) than to observe
and record four of their differentiating features. o

Figure gb compares the costs of individual isoline maps from sets of
four and eight. It shows (curves 2 and 3, 8 and g) liow the cost of one
isoline map is indeed less when it is one of eight from the same set of
samples than when it is one of four, but not by very much. Again the
relative positions of the curves depend very much on the costs of
analysis. But even ‘when the costs of analysis are as low as the figure
assumed for automatic analyses, and the costs of collecting samples are
divided between the four or eight maps in a set, an isoline map of one
chemical soil property still costs 1-5—2 times more than the corre-
sponding series grid map (curves 6 and 7). As the former attempts to
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provide information about one property only while the latter attempts
to do so for several, the isoline map will have to do so with considetably
greater precision to justify the extra cost.
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