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Abstract: Two different soil maps prepared by different institutes at scales of 1:200 000 and 1:25 000 covering

identical areas were compared to determine the accuracy of reconnaissance. These soil maps are widely used

in land resources assessment studies in Turkey. For this purpose, the soil maps were digitised and performed a

data set. Then the map layers were compared by using GIS technology in order to assess the soil properties and

land characteristics. The reconnaissance soil map at the scale of 1:200 000 has the highest accuracy for the slope

due to the fact that topographic maps have been used as basic maps for the field studies. The accuracy of other

properties in descending order is as follows; slope > depth > salinity > texture > drainage > top soil texture. In

addition, physiographic and topographic patterns of soils also affect the accuracy of maps. The reconnaissance

soil map was found to be less accurate in flood plains where the slope does not affect other soil properties.
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The aim of the soil surveys is to describe the soils
and provide sufficient data about their distribution,
behaviours, and properties of soils in a given area
(Soil Survey Staff 1993; DiNng & SENOL 1997).

The soil surveys have traditionally overlooked
spatial variability within the map units for a variety
of reasons including scale limitations and inadequate
quantitative data. Soil mapping typically partitions
the soil in the landscape into more or less discrete
entities using the map units. Soil surveyors map
the soil with a conceptual model of soil variation
in mind, based often on air photo interpretation
and collated information on the soil and its rela-
tions with landform, geology, vegetation, and land
use (DJKERMAN 1974; Soil Survey Division Staff
1993; LiN et al. 2005). Field observations are made
at a selected number of locations chosen by soil
surveyors using formal knowledge and intuitive

judgment. On a soil map, the map unit boundaries
are clear lines across which the observed differences
are deemed significant and within which the soil
is relatively homogeneous. Variations within the
soil map units are acknowledged, but described
qualitatively in vague terms. Moreover, virtually
every delineation of a map unit in all soil surveys
includes other soil components or miscellaneous
areas that are not identified in the name of the re-
spective map unit. Many of these components are
either too small to be delineated separately at the
given soil survey scale or deliberately included in
delineations of another map unit to avoid excessive
detail in the map or the legend (Soil Survey Divi-
sion Staff 1993; LIN et al. 2005). These inclusions
reduce the homogeneity or purity of the map units
and often affect the interpretation or modelling.
However, soil surveys traditionally have lacked
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appropriate sampling designs to present quantita-
tive estimates regarding spatial variability within
and across the map units. Quantification of map
unit purity for different scales of soil maps is an
area needing improvement in modern soil surveys
(ARNOLD & WILDING 1991; LIN et al. 2005).

Soil maps formed mapping units. The map units
include the slope, micro relief, top soil texture, etc.
phases. The quality of a soil map is a function of reli-
ability, relevance, and presentation of the informa-
tion. Purity and homogeneity can be characterised
by the reliability of information in a map (BECKETT
& WEBSTER 1971; BIE & BECKETT 1973; MARSMAN
& DE GRUIJTER 1986; SALEHI et al. 2003). Soil sur-
veys vary greatly in the accuracy, detail, complexity,
and the type of output. The purity of soils in map-
ping units heavily depends upon the mapping scale,
intensity of sampling, quality of soil description,
and the presence of soil landscape relationships. In
addition, the purity of soils in the mapping units is
a prerequisite for a rational land use and soil man-
agement (OBERTHUR et. al. 1996).

HENNINGS (2002) used GIS to determine the ac-
curacy of coarse-scale land quality maps (1:200 000
and 1:1 000 000), and to evaluate possible improve-
ments by applying different upscaling procedures
on fine-scale soil data (1:5 000) in Northern Ger-
many. He found that the taxonomic criterion of the
upscaling procedure was irrelevant for the accuracy
of the land quality maps at the 1:1 000 000 scales.
HENNINGS (2002) reported that the validity of all
these paper conclusions is limited to a certain land
quality and a study area characterised mainly by
glacial and fluvioglacial sediments. A similar inves-
tigation in another soil landscape or that focused
on land qualities dependent on soil properties may
show completely different results.

DENT & YOUNG (1981) suggested that the differ-
ences between the mapping units should be both
statistically significant and relevant to the land use
or the management. But this is not suitable because
the variability differs for each soil property and the
range of variability was often irregular (BECKETT
& WEBSTER 1971; BAKER 1978; BouMA et al. 1980;
BREEUWSMA et al. 1986). ROBERTUS (1998) pointed
out that the presence of short distance, spatially un-
predictable variability in loess thickness, presents
mapping difficulties that had not been adequately
addressed in the published soil surveys and resulted
in a low mapping accuracy.

LIN et al. (2005) investigated the variability of
soil map units and soil properties at multiple scales
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using two case studies, and demonstrated that the
soil spatial variability was a function of the map
scale, spatial location, and specific soil properties.
They found that the area-weighted mean purity Pm
for Order II (1:24 000) soil map, when compared to
Order I (1:7 920) delineations, was 51-99% for soil
taxonomic units (soil series to order) and 65-85%
for the soil properties important for the land man-
agement in the respective area (texture, structure,
surface thickness, hydrologic group, and drainage
class). The corresponding values of Pm for Order IV
(1:250 000) map were 24-81% and 60-90% when
compared to that of Order II (1:24 000) delinea-
tions. Most of the variability (over 50% in most
cases) for all three soil properties was at the local
point scale, suggesting that a careful examination
of short-range soil property variability should not
be overlooked. They report that the possible causes
of variability ranged from the climate at the basin
scale to localised effects of differential infiltration
and runoff caused by the differences in the land-
scape positions and soil characteristics.

The detailed soil maps (1:18 000—1:25 000 scales)
and reconnaissance soil maps (1:100 000—1:200 000
scale) are widely used in the land resources as-
sessment studies in Turkey. Detailed soil maps are
produced for agricultural applications such as land
use planning, land and water management, irriga-
tion, drainage, also non-agricultural applications
such as forest management, selecting of urban,
road, and dam areas and estimating the construc-
tion materials. This is also useful in relating areas
of similar soils for transferring technology and
exchanging the research results.

The quality of the soil maps and the accuracy
of the output data depend on the methodological
changes and mapping techniques. The smallest
unit (polygon) of the reconnaissance soil maps
is identified in more detail in detailed soil maps.
Besides, a unit of, reconaissance soil map is di-
vided into sub units as mapping unit in detailed
soil maps.

In Turkey, all nationwide thematic maps based
on the 1:200 000 scale were produced by the Gen-
eral Directorate of Rural Services. More detailed
soil surveys and maps covered only limited areas
that have a high agricultural potential. Therefore,
the reconnaissance soil maps were used in many
studies because of being obligatory though not
suitable.

In this study, the quality was investigated of
reconnaissance soil maps (1:200 000 scale) widely



Soil & Water Res., 3, 2008 (1): 31-39

E Tars&j/)

MEDITERRANEAN

Erggmli SEA

iliflge

——JTestarea
- Province center

@ District center

Pathway

/\/ Highway 0

/\\ River

=

Karatas

AN/ Expressway gl

Kilometer

Figure 1. Location of the

o study area and the test
Kadirli

area

/-

eyhan

Osmaniye

umurtalk

iskemderun

used as basic maps in many studies including the
land use planning assessment in Turkey. For this
purpose, two different soil maps at the scale of
1:200 000 and of 1:25 000 belonging to the same
areas were compared to determine the accuracy
of the reconnaissance soil maps for boundaries
and homogeneities.

Alluvial soils include 590 million ha in the earth.
This is not very much but all of them are used as
agricultural necessity (KELLOG & ORDEVAL 1969).
Alluvial soils are also very important for Turkey.
Therefore a specific evaluation of alluvial, soils is
explained in this article.

MATERIAL AND METHOD

In this study, two different soil maps prepared by
different institutes at the scales of 1:200 000 and
1:25 000 covering identical areas, were compared
with the aim to determine the accuracy of recon-
naissance by using GIS technology.

The reconnaissance soil maps (1:200 000 scale) of
the Soils of Ceyhan Basin (Anonymous 1973) and
the Soils of East Mediterranean Basin (Anonymous
1974), and detailed soil maps of Ceyhan Plain
(OzBEK et al. 1981), Cukurova Plain (DINC et al.
1990), and Silifke Plain (Ozus 1988) were used

Table 1. Geographic positions and main soil types of the test areas

Test area Location Geographic position

Total area (ha) Soil types

36°16’00"-36°24’30” N. latitude

Alluvial plain, coastal

Al Silifke plai 26.573 dune, reddish b
Hitke plain 33052'30”-34°04'30” W. longitude Hne, Teddish brown
mediterranean soil
bet Mersi 36°48°00”-37°00’00” N. latitud
A2 chween Vetsin B B att u € 13.650 Alluvial, coastal dune, lake
Tarsus 34°50°00"-35°00’00” W. longitude
A3 southeast of Adana  36°50’00”-36°54'00” N. latitude 91.996 Alluvial, reddish brown
20 km 35°20’00”-35°30’00” W. longitude ' mediterranean soil
h f _ 0 ) ”_ o] ) ” '1 .
A4 northwest of Os 37°05°00"-37°1300" N. latitude 14.605 Alluvial, brown forest soil

maniye 30 km

35°55’00"-36°10’00" W. longitude

33



Soil & Water Res., 3, 2008 (1): 31-39

—————

ATs Viws
1/200.000 Ifap S yrbol

08. 74
1425000 Map S yaahel

Figure 2. Reconnaissance and detailed soil
map of a part of A4 test area

------

e —

-

© 17882 e

MY7.

as the basic cartographic material. To compare
these maps, four test areas (A1, A2, A3, and A4)
were selected from the reconnaissance maps. The
locations and soil types of the test areas are given
in Table 1. Each test area is formed by different
soil units and landscape (Figure 1).

The study has three main steps; digitising-
creating a database, converting to the data and
comparing to the map layer. In the first step, all
soil boundaries in each test area were digitised
using ARC/INFO (GIS software) by A0 digitised.
This digital layer was the projection in the UTM,
WGS 84, zone number 36.

This data set includes the slope, depth, top soil
texture, subsurface texture, drainage, and salin-
ity. In the second step, some data of the detailed
map were associated to compare as much as the
level of the reconnaissance soil map in this data
set. For example, the units of clay, sandy clay, and
silty clay identified in the detailed soil map were
associated in a border called fine texture in the
reconnaissance map. In the third step, these layers

(km)

were compared by using GIS technology (ARC/
MAP) in the mean of the mapped soil properties
and land characteristics such as the slope, depth,
texture, topsoil texture, salinity and drainage. Thus
the conformity of the soil maps for the soil prop-
erties investigated was determined. The analysis
of variants was performed on the slope, depth,
texture, topsoil texture, salinity, and drainage data
using the SAS software (1998). The means were
compared using LSD test at the 0.05 probability
level. The overlapped maps layers for a part of A4
test area is shown in Figure 2 (for the purpose of
comparison, both maps have been overlapped).

RESULTS AND DISCUSSION

When the reconnaissance soil map (1:200 000) is
compared to the detailed soil map (1:25 000) as to
the selected soil properties and land characteristics
in a four-test area, the slope is the least variable
characteristic. On the other hand, the reconnais-
sance soil map at the scale of 1:200 000 has the

Table 2. The conformity of maps for soil properties in test area

Compared Conformity of maps for test areas (%)

properties Al A2 A3 A4 average values
Slope 98 90 95 98 95.3 a*
Depth 72 89 93 90 86.0a
Salinity 56 57 84 61 64.5b
Texture 77 26 65 77 61.3 bc
Drainage 67 47 71 55 60.0 bc
Top s. texture 57 26 56 46 46.3 c
Average 71.2 55.8 77.3 71.2 68.9

*Means followed by the same columns are not significantly different at the P = 0.05 level.
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Figure 3. The conformity ratios of maps for selected properties in A1, A2, A3 and A4 test area

highest accuracy in the slope. The accuracy of
other properties is followed in the descending order
of: slope > depth > salinity > subsurface texture >
drainage > top soil texture. The conformity ratio of
the properties investigated is given in Figure 3.
The conformity ratio of the arithmetic mean and
the associated value of four-test area is followed in
the descending order as in (Figure 4). The conform-
ity ratios of the maps for the slope in A1, A2, A3
and A4 test areas were found, respectively, to be
98, 90, 95, and 98%. The conformity ratios of the
maps for the depths in same test areas were found
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R2(M) =0.9079

to be 72, 89, 93, and 90%, respectively. However,
the conformity ratios of other soil properties were
not as high as the ratios of the slope and depth.
Especially the conformity ratio of the maps for
the top soil texture was of minimal value. The
conformity ratio of the soil properties investigated
is shown in Table 2.

Some properties of the soil in the test area af-
fected the accuracy of the reconnaissance soil map
(1:200 000 scales). The accuracy of the reconnais-
sance soil map (1:200 000 scale) increased with
the increasing amount of fine aggregates in the

A Arithmetic mean (M)

® Associated value (AV)

Slope Depth

Salinity

Texture Drainage  Top s. tex.

Properties

Figure 4. The conformity ratio of arithmetic mean and associated value for four-test area for selected properties
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Table 3. The accuracy percentage of the reconnaissance soil map due to the detailed soil map in the mean of the
subsurface texture, topsoil texture, salinity classes, drainage classes, soil depth and soil slope

% area
Properties  Classes
Al A2 A3 A4 average
fine 65.19 13.26 69.22 70.91 54.64
medium 16.87 57.29 17.96 28.97 30.27
Texture
coarse 17.94 29.45 12.83 0.11 15.08
conformity (%) 77.00 26.00 65.00 77.00 61.25
fine 43.43 17.75 55.39 54.30 42.72
Topsoil medium 43.77 56.50 40.76 45.54 46.64
texture coarse 12.80 25.75 3.86 0.16 10.60
conformity (%) 57.00 26.00 56.00 46.00 46.25
non 75.54 69.26 100.00 77.06 80.47
Salinity slightly 18.52 14.42 0.00 6.16 43.10
strongly 5.93 16.32 0.00 16.78 9.76
conformity (%) 56.00 57.00 84.00 61.00 64.50
well drained 36.71 37.27 78.07 45.12 49.29
zzid;(fztely well 49.05 21.70 2031 49.11 35.04
Drainage poorly drained 12.70 20.91 1.61 5.76 10.25
high water table 1.53 20.12 0.00 0.00 5.41
conformity (%) 67.00 47.00 71.00 55.00 60.0
shallow 0.03 0.09 6.89 2.40 2.35
moderately shallow 0.86 0.67 4.00 3.43 2.24
Depth moderately depth 1.24 0.58 1.40 5.02 2.06
depth 97.88 98.66 87.71 89.24 93.37
conformity (%) 72.00 89.00 93.00 90.00 86.0
nearly level 87.00 97.60 91.38 88.15 91.03
gently 12.97 1.77 7.96 9.11 7.95
Slope moderately 0.03 0.63 0.22 2.61 0.87
strongly 0.00 0.00 0.43 0.13 0.14
conformity (%) 98.00 90.00 95.00 98.00 95.25

profile and surface in the test area. The accuracy
of the reconnaissance soil map (1:200 000 scale)
decreased when the amount of salty soil in the test
area increased. It was found that the changes in
the amount of drainage, depth, and slope in the
test areas did not affect the conformity of the
soil maps. The conformity ratio of all properties
investigated are given in Table 3.

Although the soils of the test area selected in this
study are formed by alluvial plain, coastal dune, red-
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dish brown Mediterranean soil, and brown forest
soil, the dominant soil type is alluvial.

As to the soil properties investigated, a relation-
ship exists between the accuracy of the reconnais-
sance soil map and the soil type (Table 4). The
accuracy of the reconnaissance soil map (1:200 000
scale) increased when the amount of alluvial soils
in the test area increased.

When the accuracy of the reconnaissance soil
map (1:200 000 scale) was investigated using only
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Table 4. Soil types and amounts in test areas

Soil order and amount

Test area  Total area (ha) Conformity
soil types area (Da) area(%) (%)
Alluvial plain 21.560 81
Area 1 26.573 coastal dune 3.467 13 71.2
reddish brown mediterranean 1.546 6
Alluvial 10.740 79
Area 2 13.650 coastal dune 1.682 12 55.8
lake 1.229 9
Alluvial 20.366 96
Area 3 21.226 reddish brown mediterranean 0.861 4 77:3
Alluvial 14.111 97
Area 4 14.605 brown forest soil 0.494 3 712

alluvial soils, the conformity ratios of the maps
for the slope in A1, A2, A3, and A4 test areas
(including, respectively, 81, 79, 96, and 97% al-
luvial soil) were found to be, respectively, 100.0,
99.2, 95.2, and 92.8%. The conformity ratios of
the maps for the depth in A1, A2, A3, and A4 test
areas were found to be, respectively, 72.0, 98.3,
92.7, and 92.3%. The conformity ratios of the soil
properties investigated, using only alluvial soils,
are given in Table 5.

As aresult, it has been found that the accuracy
of the reconnaissance soil map (1:200 000) with
increasing amounts of alluvial soils is related to
the slope only, while other properties do not have
any effect.

All the results obtained by means of the detailed
soil map were more accurate and provided more

detailed information than the reconnaissance soil

map (1:200 000 scale). The accuracy of the other

characteristics followed in the descending order
of; slope > depth > salinity > subsurface texture >
drainage > top soil texture for A1, A2, A3, and A4

test area, (Al + A2 + A3 + A4)/4 also X(Al + A2 +

A3 + A4). On the other hand, it was found that

the reconnaissance soil map at the scale of 1:200

000 revealed the highest accuracy in the slope but

lower accuracy in the top soil texture.

These conclusions can be explained by the fol-
lowing:

(1) The standard topographic map was used as
the basic map for both the reconnaissance soil
map and the detailed soil map,

(2) About 92% of the area under study is formed
by nearly level slope,

Table 5. The conformity ratio of investigated soil properties using only alluvial soils

Compared Conformity of maps for Alluvial soils in test area (%)

properties Al A2 A3 Ad (A1 + A2 + A3 + A4)/4 Value of associated area
Slope 100.0* 99.2*% 95.2% 92.8" 96.8* a+ 98.0*

Depth 72.0” 98.3* 92.7% 92.3* 88.8*a 95.7*

Salinity 49.0" 57.5% 83.8"  62.0% 63.1"b 63.77

Texture 72.5" 16.8" 63.6" 80.1% 583" b 62.4"
Drainage 62.9" 45.5" 69.6" 54.5" 58.1" b 60.3"

Top s. texture 53.1~ 22.5" 54.6" 45.3» 439" b 47.0n

Average 68.3" 56.6" 76.6" 71.27 68.2" 77.8%

*Increasing value, "Decreasing value, "Not changing value

+Means followed by the same columns are not significantly different at the P = 0.05 level.
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(3) The slope in the study area is a separated ho-

mogenous part.

Two conclusions given above ((2) and (3)) can
be related to the accuracy of the depth, because
about 92% of the study area is formed by deep soil,
and the soil depth of the study area is a separated
uniform unit.

The reason for increasing accuracy as deter-
mined using only alluvial soil can be referred to
alluvial soils formed on homogeny slope and depth
(OzBEK et al. 1981). However, the lower accuracy
of A2 test area as compared to other test areas is
the result of lakes. There are two small lakes in
this test area but these were not plotted as a unit
in the reconnaissance soil map (1:200 000 scale).
The accuracy of the soil texture and topsoil texture
using only alluvial soils is very small.

These findings can be explained by the following:
— Spatial variability of the subsurface texture and

top soil texture cannot be defined in sufficient

detail for the reconnaissance soil map (1:200 000

scale),

— Moreover, the distance between two auger drill-
ings was 1500 m in the soil survey (Anonymous
1973, 1974),

— Topsoil texture is not defined as a characteristic
in the reconnaissance soil map.

Lower accuracy of drainage and salinity in the
reconnaissance soil map (1:200 000 scale) is caused
by the distance of two auger drillings in the field
survey and the basic map. For most properties,
the reconnaissance soil map requires much more
samples, and the number of samples must increase
severely to provide a high degree of precision
(OBERTUR et al. 1996; SALEHI ef al. 2003). How-
ever, there is no information about drainage and
salinity on the topographic map used to produce
the reconnaissance soil map (1:200 000 scale).
However, the aerial photo used to make a detailed
soil map contains the information about drainage
and salinity.

This study shows that not only methodological
changes and mapping techniques affect the accu-
racy of the map, but also detailed physiographic
and topographic patterns of soils and the basic
maps affect the conformity of maps. As a conse-
quence, the reconnaissance soil map (1:200 000
scale) can be used to obtain general information
about the respective area but this information is
not available as the basic material for planning.
In addition, if it is necessary to provide general
information from the reconnaissance soil map
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(1:200 000 scale) for planning, this map can be used
to provide information about alluvial soil depth
in a nearly level slope. However, it is not suitable
to give information on other soil properties and
the land characteristics.

As a result, 1:200 000 land quality maps can
be improved if based on new or alternative soil
maps created by using the soil profiles typical for
the respective region or by direct aggregation of
finer-scale map units.
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