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Abstract

This report describes the structure and limitations of a world soil data
£ile of 15,413 records designed for use with & global atmosphere circula-
tion model. Soil data were obtained from the Soil Map of the World,

Food and Agricu]tura1 Organization, FAQ, scale 1:5,000,000, Each record

is for a 1% lat. x 1° long. cell; the file describes dominant, associated,
and included soil units (defined according to the FAO classification), &s
well as surface texture, slope, and auxiliary information. The soil file
corresponds geographically to a vegetation and land use fite. The files
have been used concurrently to characterize the land surface in the (Goddard
Institute for Space Studies Global Climate Model (GISS GCM).



I. Ground Hydrology and Global Climate Modeling

The inclusion of realistic ground surface hydrologic parameters in global
climate models improves the sensitivity of simulation experiments of energy
and moisture exchanges between the land and the atmosphere. Model inputs
require gecgraphic data on four land surface components: soil, surficial
geology, plant litter, and vegetative cover. Of these, the soil is the
major partitioning agent of moisture receipts because it strongly influ-
ences infiltration, runoff, storage, and drainage, and, in addition, piant-
litter ground cover development,

Current global climate models use two versions of a bucket model which
simplify natural vertical and horizontal inhomogeneities: (1) pure bucket
model, in which a maximum water holding capacity depth is assigned (Manabe,
1969); (b) a 2-layer bucket, in which the water holding capacity depth is
allocated to two interacting layers, {Hansen et al., 1983; Mahert and Pan,
1984; Manabe, 1969), Manabe and Wetherald (1986) assumed that the moisture
holding capacity was "constant everywhere in view of our ignorance of its
geographical distribution and because the simulated distribution of soil
moisture expressed as a fraction of the moisture-holding capacity of soil
is not very sensitive to the magnitude of the field capacity.” In fact,
nowever, the geographic distribution of soil moisture holding capacity is
well known; the difficulty lies in the inability of gliobal c¢limate models
to capture and to respond to soil variability. Experiments with general
circulation models show strong gross climate responses to changes in
simplified 'ground model moisture levels (Fennessey and Sud, 1983; Houghton,
1984; Manabe and Wetherald, 1986; Nappo, 1975; Rind, 1982, 1984; Rowntree
and Boltan, 1983; Shukla and Mintz, 1982; Walker and Rowntree, 1977). Some
designers of atmospheric circulation models recognize the need for a more
realistic parameterization of the complex physical processes occurring at
the land-atmosphere interface in order to incorporate soil variability
(Eagleson, 1981; Houghton, 1984). fagleson (1978) and Dickinson (1984)
have suggested general analytical frameworks for coupling the atmosphere-
plant-litter-soil-rock-water system,

To realistically describe the four ground surface components, the complete

geography of the land regions of the world must be digitized at a taxonomic -

Tevel conformal with the spatial scale of the atmospheric model. There is
an inverse information trade-off between taxonomic level and ground surface
detail, The soil file should not deliver more data than the circulation
model can absorb or less than it requires; within this range greater reai-
ism enhances experimental results. Given reasonable conformality between
taxonomic level and grid cell size, the rectangular volume of a four-
component ground surface cell with known X, Y, and Z dimensions may be
taken as the elemental control unit of water flow through a porous medium,
The equation of hydrologic continuity can be selved by using the governing
equation of each component to trace the flux through the entire porous land
surface and to the atmosphere.

FE



This report describes the development, structure, and limitations of a
world soil file of 15,413 records obtained from the Soil Map of the World,
1:5,000,000, Food and Agriculture Organization, United Natiens, FAO-UN,
(1974), Substratum properties may be inferred from the soil profile. When
linked to the locationally correspondent Matthews vegetation and land use
file {Mattnews, 1882, 1984), the two files can be coupled to global
atmospheric circulation models. The files were prepared for use with the
Goddard Institute for Space Studies Global Climate Model, GISS GCM, Data
in the files are recorded for 1° x 1° cells; characteristics are numeri-
cally aggregated for 8° x 10° and 4° x 5° runs. The one degree cells of
the spil file centain information on dominant, associated, and included
s0i1 units, as defined by the FAD-UN classification. The Matthews and soil
files have wide utility and may be used jointly or separately to evaluate
the impact of climate change on regional human activities dependent on soi}
water, ground water, and stream flow, as agriculture, forestry, grazing,
urban water supply, hydropower, and related flood, erosion, and pollution
hazards.

I1. The Soil Data File

Climate models require data on soil characteristics that influence climate
parameters, characteristics such as texture, structure, depth, permeability,
porosity, mineralogy, color, etc. The object of the world soil data file
is to identify spatially (horizontally and vertically) and quantitatively,
these hydraulic properties.

The file data were extracted from FAQ Scil Map of the World (1974-1981),
scale 1:5,000,000. A set of explicit operating rules was followed in
gathering the data. A land cell is defined as 1° x 1° area occupied by
»50 percent land. Lland glaciers are included in land cells but inland
bodies of water are water cells if water occupies >50 percent of the cel}l
area. Inland water cells, ocean cells, and sea ice cells are excluded from
the fite. The land cells can conform exactly in type, location, and number
to the land cells of the Matthews vegetation and land use file (Matthews,
1982, 1984},

Each one degree cell is identified by the latitude and longitude of its
northwest corner. Latitudes north of the equator are positive and south

of the equator are negative. Longitudes east of the prime meridian are
positive and west of the prime meridian are negative. The source map was
published with a two degree grid system cover most of its area. Between the
60th parallel and the 80th parallel, the grid lines are four degrees apart,
and poleward of the 80th parallel, the interval is eight degrees. One
degree cells were obtained by using a transparent overlay to subdivide tne
published grid. As shown by Fig. 1, the dash lines delineate the bound-
aries of the one-degree cell, the porthwest corner of the cell of interest



and poleward of the 80th parallel, the interval is eight degrees. One
degree cells were obtained by using a transparent overlay to subdivide the
published grid. As shown by Fig. 1, the dash lines delineate the bound-
aries of the one-degree cell, the northwest corner of the cell of interest
is latitude 36° north and longitude 8l° west. On the source map of Fig. 1,
the cell is subdivided into three map units., A map unit bounds an area of
common $0i1 units plus texture class plus slope class. When any one of
these three characteristics changes, a new map unit is required. The
largest map unit is {c5-3a. The dominant scil unit in this map unit is Lc,
which, as shown in Fig. 1, is a Chromic luvisol. A soil unit is the most
basic unit of soils in the FAD classification system. Soil units differ
from one ancther because of their inherent composition. The members of &
map unit are a dominant soil unit and associated soil units. The asso-
ciated soil units are decomposed further according to relative area into
associated and {(less abundant) included soil units, which occupy smaller
areas than the associated soil unit., In this map unit, the other soil
unit, indicated by the number 5, refers to a Chromic Vertisol; no included
soil unit is present. The alphanumeric legend is defined in the FAOD Soil
Map of the World, volume 1. Thus, the enclosed area of a map unit bounds
one or several soil units, forming a natural landscape of dominant, asso-
ciated, and included soil units that are spatially and pedologically
related,

The soil units are arranged in a classification system based on inherent
profile properties. The FAD system has two levels. The highest level has
26 members; the lowest level has 106 members or soil units.™ Table 1 lists
the soil names at both Tevels, Detailed profile descriptions containing
information on texture, structure, color, natural soil layers, total depth,
layer thickness, and underlying geologic material for the soil units at
designated locations are given in the volume accompanying each map. The
profile description is representative of the soil unit. The total number of
map units made up of real world combinations of soil units “occurring
within the limits of a mappable physiographic entity as recorded on the
source map is estimated to be 5000" (FAO 1974-1981).

*The United States Department of Agriculture, Soil Conservation Service,
basic system of soil classification taxonomy has six levels, order, sub-
order, great group, subgroup, family, series (SCS-USDA, 1975). The lower
tevel of the FAQ classification is approximately equivalent to the great
group taxon, but the relation between specific members of the twe taxa is
not unique.
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Fig. 1 FAO-UNESCO SOIL MAP OF THE WORLD
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The geographic pattern of 3 soil unit expresses the localized factors of
s0il genesis. An appreciation of the spatial relationship among so0il units
and map units is important to the use of the data extracted from the source
map and recorded in the file. As Fig. 1 shows, a given cell may be
occupied by more than one map unit. In that case the one degree cell is
characterized by the map unit covering the largest area. For 2 given map
anit the dominant so11 unit occupies the largest area of the map unit. The
associated soil unit occupies more than 20 percent of the enclosed map unit
area but less than the area of the dominant soil unit; the included soil
unit occupies less than 20 percent of the enclosed area. The file records
the dominant soil unit of the largest map unit; the associated and included
coil units are recorded in the file by a numeric code which is referenced
on the back of the FAQ source map sheets. :

The total area of each map unit association on each map sheet is given in
the text accompanying the map sheets, but the area of each spil unit is not
available. The.one degree grid units of the soil file record the asso-
ciated and included soil units associated with the dominant soil unit, but
contain no information on soil unit area. KHowever, FAC has developed an
algorithm for estimating the area of each soil unit within a soil asso-
ciation based on the number of soil units in each map unit., The method is
applicable to the largest map unit association in each one degree grid cell
(FAD, 1978). Table 2 illustrates the procedure.

Surface slope and surface soil texture, when available, are part of the
complete map unit symbol, which also includes the textural class of the
dominant soil unit, and the slope class of the soil map unit association,

The textural class of a soil map unit association is for the upper 30 cen-
timeters of the dominant soil, It represents the relative proportions of
clay (2 microns), siit (2-50 microns}, and sand {50-2000 microns). The
three classes are named:

1) coarse textured -- sands, loamy sands, and sandy loams with less
than 18 percent clay, and more than 65 percent sand. No further defini-
tions are given within the same range.

2} medium textured -- sandy loams, loams, sandy clay loams, silt
loams, silt, silty clay loams, and clay loams with less than 35 percent
¢clay and less than 65 percent sand. The sand fraction in this class may
have a maximum of 82 percent if there is a minimum of 18 percent clay.

3) fine textured -- clays, silty clays, sandy clays, clay loams, and
silty clay loams with more than 35 percent clay. The map unit soil asso-
ciation symbol for textural class often shows varying combinations of the
three basic classes so that seven textural classes are possible for mineral
soils, as (1,2}, (1,3}, (2,3), (1,2,3) in addition to (1), (2), (3}.



Table 2: RELATIVE DISTRIBUTION OF DOMINANT SOIL, ASSOCIATED SOIL(S) AND
INCLUSION!S) EXPRESSED IN PERCENTAGE OF THE AREA OF THE MAPPING UNITS (FAD, 1978)

" Dominant soi} Associated soil{s) Inclusion(s)
Percentage of Number of Percentage Number of Percentage
area soil units of area soil units of area
100 0 -0 0 0
70 “ 1 30 0 0
60 1 30 1 10
60 2 20+20 0 .0
50 2 20+20 1 10
30 3 20+20+20 1 10
50 1 30 -2 10+10
40 1 30 3 16+10+10
50 1 - 30 4 5+5+5+5
a0 2 20+20 2 10410
30 2 20+20 3 10+10+10
30 3 20+20+20 -2 545
25 3 20+20+20 - 3 5+5+5
24 3 + 20420420 4 A48484+2

The associations dominated by Lithosols were allocated a slightly
different distribution, namely:

1itnosol + associated soil: 172 + 1/2 distribution of the ares
Lithosol + associated soil: 1/3 + 1/3 + 1/3 distribution of the are:
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=

9 clay

8 silt

83 sand
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30 clay

33 s5ilt

37 sand

1,2 COARSE-MEIDIUM

%
20 clay
20 silt
63 sand
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Mhulv \-F INE
T
35 clay
19 silt
46 sand

3 FlNz

67 clay
17 silt
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1,3 CO&RSE-FIAZ

%
38 clay
12 sily
50 sand

2,3 MeOluM-F 'z

x
48 clay
25 silt
27 sand

Fig. 2 Location of FAQ Textural Classes on Texture Triangle

Used in World Soil File
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The position of each of these seven classes is shown on the tri-axial sand,
silt, clay texture triangle with the boundaries of the commonly-used U.S.
Department of Agriculture texture class names, Fig. 2. The centroid of
each FAD texture class was determined geometrically, using the means of the
given value ranges to locate the three basic classes. The means of the
basic classes were used to locate the mixed classes. An additional
“texture" class was added for organic soils.

Textural ciass appiies to the dominant soil unit of the map unit. The
ambiguity of the textural class designation is evident from the frequent
use of multipie legend codes on the source map. FAQ interpretation guide-
1ines state that when two textura) classes are recorded, each applies to 50
percent of the dominant soil unit. Similarly, if three texture classes are
. shown, each applies to 33.3 percent of the dominant soil unit, The area
guidelines are of limited use to evaluate water flux at climate modeling
resolution. Also, dominant soils of mapping units whose textures are not
given for the.map unit, FAQ prescribes as medium textured. These FAD rules
are used for the 106 soil units, except for 10 so0il units which default to
coarse, and for 7 s0il units, which default to fine. Because the FAQ rules
are too cumbersome to apply to atmosphere modeling, the file records of
soil texture for multiple textural classes were obtained from the soil tex-
ture triangle after averaging multiple values., (See Fig. 2). File records
for areas with no texture ¢lass given were derived from adjacent soil unit
texture class and regional geology.

Three basic classes are used to describe the surface slope of the area of a
soil map unit association., They are (1) 0-8 percent, level to gently undu-.
lating, {(2) 8-30 percent, rolling to hilly, {3} 30 percent, steeply
dissected to mountainous. The soil map unit association legend often
describes the slope as combinations of the basic slopes, so that seven
possible categories exist, (1,2}, (1,3}, (2,3), (1,2,3}, and {1}, (2), (3).
Multiple class slopes were determined from the averages of the basic siope
classes and entered into the file,

Slope evaluations are treated on the FAD source map similar to textural
class. FAD interpretation guidelines state that the slope class applies to
the dominant soil of the map unit; if two or more classes are indicated
each occupies an equal area of the dominant soil unit. Where slope is not
described for a dominant soil unit, sltope classes are allocated according
to the 26 major categories of soil units (see Table 1)}; some of the alloca-
tions include two slope classes. Slope classes also apply to associated
and included so0il units. File records of slope for multiple classes were
obtained by averaging the given slopes. For missing slope classes the data
file class was derived from geomorphic evidence and adjacent map unit
designations,

Additional ground surface information of climatic interest is provided by
the FAQ map as overprints apart from the soil map unit association. These
are phases and miscellaneous land units. Phases are subdivisions of sofl

units which have not been systematically recorded and, hence, are not

11



diagnestic for the separation of the soil units. Nevertheless, phases do
provide important data, They are:

stony phase, presence of coarse material on the surface, as gravel,
stones, boulders, rock outcrop, which may be used to modify the
texture;

1ithic phase, presence of hard rock within 50 centimeters of the
surface;

petric phase, presence of hardened material at least 2 centimeters
thick, occurring within 100 centimeters of the surface, but not
continugusly distributed; '

petroferric phase, upper part of petroferric horizon which is a
continuously distributed horizon of iron cemented indurated material
containing tittle or no organic matter;

petrocalcic phase, upper part of a cemented or indurated calcic
horizon cemented by calcium or magnesium carbobate occurs within 100
centimeters ofthe surface;

petrogypsic phase, upper part of a cemented gypsuum layer cemented
by calcium sulphate occurs within 100 centimeters of the surface;

phreatic phase, a ground water table is present, at a depth of 3-5
meters below the surface, but usually does not affect the morphology
of the soil. Its presence, however, may influence soil water flow;

fragipan phase is a soil horizon of low permeability and coarse
texture that occurs within 100 centimeters of the surface;

duripan phase is a silica cemented soil layer of low permeability
occurring within 100 centimeters of the surface;

saline and sodic phases are soils that show in some horizons high
contents of salts (saline) or of sodium (sodic) which affects
hydraulic potentials;

permafrost and intermittent permafrost -- continuous and intermit-
tent areal distribution of year-round frozen substrata.

Other land surface characteristics not included in any of the above are
also shown on the source map as overprints for miscellaneous land units,
These land units contain climatically important information recorded by the
soil file for dunes or shifting sands, glaciers, salt flats, rock debris or
detritus, and flooding, or ponding. They are represented with and without
soil units. In the latter case, physical properties were assigned to the
celis; if the soil unit was given, the physical properties recorded for the
soil were modified to reflect the presence of the special features. The
soil file records phases and miscelianecus land units for appropriate cells,
as shown in Table 3,

12
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Table 3: PHASE AND MISCELLANEQUS LAND UNIT LEGEND

Number Explanation
01 stony
02 lithic
03 petric

4 petroferic

05 - petrocalcic
06 petrogypsic
07 fragipan
08 duripan
09 . saline
11 phreatic
12 cerrado
13 _ , sodic
21 permafrost
22 intermittent permafrost
23 glacial
24 ponded
25 dunes, sands
26 rock debris
27 salt flats



The use of a special code field in the scil file indicates the cells with
differences between the Matthews vegetation file and the FAQ source map in
their designations of land glacial cells and soil celis. The special code
field also notes the celis to which supplemental data were added because
the FAD source map provided insufficient information to characterize the
ground surface. Table 4 gives the special code legend which enables the
user to obtain several output soil files such as, a file whose soil cells
are selected according to Matthews, a file whose soil cells are selected
‘according to FAO (with or without supplemental data), a file whose soil
cells are determined by Matthews and FAO data, using either source to
characterize the cell as having a soil or a glacier. {The former choice
maximizes the number of soil cells.) A}l output files may be used with the
Scripps Topographic file {Gates and Nelson, 1975).

The explanatory volumes accompanying the source map inciude material on
geomorphology, geology and climate, as aides to the prescription of soils.
This information is useful in defining the lower boundaries of soils. A
1ist of the recorded ground surface physical features needed to character-
jze soil climatic properties of the one degree cells is given by Table 5.
An annotated format of selected cell records is shown in Table 6..

II1. Limitation of the Soil Data File

The information entered into the soil data file was extracted from a second-
“ary source, FAQ Soil Map of the World, 1:5,000,000. The ability of the

file to depict soil physical features of the real world cannot go beyond

the source map and the accompanying text. Several limitations to the use

of the soil file in addition to those mentioned previously in the

discussion of map units, soil units, texture and slope, are given in this
section.

The FAD Soil Map of the World was compiled over a 15-year period using
information from soil reports of field surveys and map collections of
soils, geology, topography, vegetation, and climate, and field checking.
About 11,000 maps were reviewed; they varied widely in reliability, detail,
precision, scales, methodologies, etc. (FAO, 1978). The source maps are
ranked according to three levels of reliability as I, systematic surveys,
11, reconnaissance surveys, and III, general information surveys. These
general levels of reliability were not considered in the construction of
the soil file, nor, were the reliability estimates incorporated in the
file., Table 7 summarizes the reliability (Gardiner, 1982}.

14
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Code Number

33

44

55

66

77

88

99

Table 4: SPECIAL CODE LEGEND

Explanation

1% cell not on FAD source map but included in
Matthews vegetation file as having a vegeta-
tive cover; map unit data added to soil file.

1? cell not on FAQ source map but included in
Matthews vegetation file as a glacier; added
to soil file as a glacial cell. '

1° cell on FAD source map as a soil but
described as a glacial cell in Matthews vege-
tation file; map unit data recorded in soil
file

1% cell described as glacial on FAD source
map, but included in Matthews Vegetation file
as a vegetation cell; map unit data added to
s0il file

sTope not given on FAD source map; slope
c¢lass added to soil file

texture not given on FAO source map; texture
added to soil file

map unit not given on FAD source map;

miscellaneous land unit used to assign map
unit data to cell

1%



Table 5: LAND SURFACE SOIL-CLIMATE PHYSICAL FEATURES

TEXTURE, particle size distribution of soil horizon

STRUCTURE, particle size arrangement and compactness of soil horizon

POROSITY, the fraction of the bulk volume of the soil or substratum not
occupied by solid material caused by voids among individual
particles, sclution cavities, or.joints and fractures

PROFILE, overall arrangement of soil layers and horizon, defines the s0i}
pedon or individual

COLOR, Munsell color notation, hue, value, chroma

GLACIERS, snow dccumulations on ground surface, year round

DUNES, unconsclidated structureless sand size particle on ground §urface
ROCK DEBRIS, coarse fragment larger than sand size on ground surface

SALT FLAT, accumulation of salt on the ground surface as residual evapora-
tion from saline surface water or ground water

SLOPE, inclination of the ground surface
ASPECT, compass direction toward which a sloping ground surface faces

DEPTH, vertical thickness of the ground surface or a part thereof as soil
horizons

DRAINAGE, the movement of excess water {gravity water) from the soil or
ground surface and within the soil

PARENT MATERIAL OF SOIL, inorganic or organic mater{al from which the soil
was derived

GECMORPHIC POSITION, location of the soil (or other feature of the ground
surface} as part of the landscape

SUBSTRATUM, 1ithology and structure of mineral (or organic) material
underlying the soil

STONINESS, presence of gravel, stones, boulders or rock outcrop on the
surface

HISTIC H HORIZON, surface layer of organic material more than 20 ¢m thick

MOLLIC A HORIZON, surface horizon with dark color, medium to high humus
content, high base saturation

16



Table 5 (cont'd.)

UMBRIC & HORIZON, surface horizon with dark color, medium to high humus
content, Tow base saturation

OCHRIC A HORIZON, surface horizon with light color, lTow humus content

ARGILLIC 8 HORIZON, subsoil horizon with accumulation of illuvial clay

NATRIC B HORIZON, subsoil horizon with accumulation of illuvial clay and
high exchangable sodium

CAMBRIC B HORIZON, subsoil horizon with a structure and/or color different
from overlying and underlying horizons

CALCIC HORIZON, horizon of accumulation of calcium carbonate
GYPSIC HORIZON, horizon of accumulation of calcium sulphate

ALBIC E HORIZON, eluvial horizon from which clay and free iron oxide have
been removed, light color

CRACKING CLAYS, formaton of deep and wide cracks upon drying

PERMAFROST, permanently frozen layer immediately beneath soil; continuous
‘ or intermediate distribution

FROZEN LAYER, seasonally frozen solum, partially or wholly

PLINTHITE, iron mottled fine textured subsoil layer which irreversibly
hardens upon repeated wetting and drying

IRON CONCRETIONS, nodules of iron oxide dispersed through the soil
LITHIC, continuous hard rock on, or close to, ground surface

INDURATED SUBSOIL, subsoil layer with very firm or hard consistence, which
can be penetrated by spade or auger

CEMENTED HARDPAN, extremely hard continuous subsoil layer which cannot be
penetrated by spade or auger

DURIPAN, silica cemented layer close to surface
FRAGIPAN, compacted dense layer of coarse fragments close to surface

SALINITY or ALKALINITY, dissolved salts or exchangeable bases, in soil
water, raising the pH well above the neutral point
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Sequence No,

1753

3176

3179

3413

3945

3946

3978

Table & Notes

Description

Lat. BON, Long 87W; dominant soil unit -- Gelic Regosol;
associated and included soil unit =-- none; texture class --
medium; slope class -- steeply dissected to mountainous;
phase and misc. land unit -- permafrost, glacial; special
code -- soil on FAQ map, glacier on Matthews vegetation file;
FAD map sheet -- North America

Lat. 63N, long. 67W; dominant soil unit -- Gelic Regosol;
associated and included soil units -- 1ithosol and gelic
gleysol; texture class -- coarse; siope class -- rolling to

hilly; phase and misc. land unit -- stony phase and
permafrost; special code -- Map and Matthews vegetation file
agree; FAO map sheet -~ North America

Lat. 63N, Long. 48W; no soil unit present; texture class and

slope class not given; phase and misc. land unit -- glacier;
special code -- cell not on FAD map, cell in Matthews vegeta-
tion file is glacial; FAO map sheet -- North America

Lat. 59N, Long. 135W; dominant soil unit -- Orthic Podzol;
associated and included soils =- histosol, vitric andosol;
texture class -- medium; slope class -- rolling to hilly and
steeply dissected to mountainous; phase and misc. land unit --
stony, glacial, permafrost; special code -~ glacial on FAO Map
but soil in Matthews vegetation file; FAQ map sheet -- North
America -

Lat. 5IN, Long. 118W; dominant soil unit -- Orthic Podzol;
associated and included soil units -- Lithosol; texture class;
coarse and medium; slope class -- steeply dissected to moun- -
tainous; phase and misc. land unit -- stony and intermittent
permafrost; special code -- none; FAD map sheet -- North
America

Lat. 5IN, Long. 11/W; dominant soil unit -- Lithosol;
assoctated and included so0il units -- Regoscl and Cambisol;
texture class -~ course slope class -« steeply dissected to
mountainous; phase and misc. land unit -- intermittent per-
mafrost; special code -- none; FAQ map sheet -- North America

Lat. 51N, Long. 85W; dominant soil unit -- Dystric Histosol;

associated and included soil units -- none; texture class --

organic; slope class -- level to gently undulating:; phase and
misc. land unit -- ponded; special code -- texture class not

given on FAQ map; FAO map sheet -- North America
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Tasle 6 Notes (cont'd.)

Sequence No.

3983

4215

4614

6634

10551

13569

Description

Lat. 5IN, Long. BOW; dominant soil unit -- Dystric Histoscl;
associated and included soil units -- orthic podzol, dystric
gleysol; texture class =-- organic; siope class =-- level to
gently undulating and rolling to hilly and steeply dissected
to mountainous; phase or misc. unit -- none recorded; special
code -- none; FAD map sheet -- North America

Lat. 47N, Long. 94W; dominant soil unit -- Orthic Luvisol;
associated and included soil units -- dystric cambisol,

~glycic Juvisol, gleysol; texture class ~- medium; slope class
=~ level to gently undulating; phase and misc. land unit --

fragipan; special code =-- none; FAQ map sheet == North America

Lat. 39N, Long. 117W; dominant soil unit -- Haplic Yermosol;
associated and included soil units -- calcaric regosol, calcic
yermosol; texture class -- medium; siope class -- level to
gently undulating and steeply dissected to mountainous;

phase and misc. land unit -- 1ithic; special code -- none;
FAQ map sheet -- North America

Lat. 20N, Long. 51E; dominant soil unit -« Regonsol; associates
and included so0il units -- none given; texture class -- coarse;
slope class -- level to gently undulating and rolling to hilly;
phase and misc. land unit -- none given; special code --
dominant soil unit not given on FAQ map; FAD map sheet --
South Asia

Lat. 74N, Long. 56f; dominant soil unit -- Lithosol;
associated and included soil units -- Gelic Regosol, Gelic
Histosol; texture class -- medium; slope class ~- rolling to
hilly and steeply dissected to mountainous; phase and misc.
land unit -- permafrost; special code -- grid cell not on FAD
map but in Matthews vegetation file; FAD map sheet -- EBurspe

Lat. 19N, long. 11W; dominant soil unit -- Lithosol;
associated and include soil units -- none given; texture
class -- coarse; slope class =-- level to gently undulatin
rolling to hilly; phase and misc, land unit -- dune and r
debris; special code -- slope and texture classes nol givan o"
FRO map; FAQ map sheet -- Africa.

b O
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3
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Table 7: RELIABILITY OF THE SOIL MAP OF THE WORLD®

Soil1 Survey Coverage {percent)

Class Il

Class 1 Class II

Africa 7.5 38.0 54,5
Asia 19.0 49.0 32.0
Australasia 11.0 61.0 32.0
Europe 76.3 23,7 -

North & Central America 28.0 16.0 56.0
South America 14,6 45,9 -39.5
World 21.0 40.0 ©39.0

Y6ardiner (1982) After R. Dudal, 1978

NOTES: Class 1 represents those areas where systematic field surveys have been
carried out whereas in Ctass Il and III areas, soil boundaries have been
derived from interpretation of general information on landforms,
geology, climate and vegetation, and from scattered soil studies. It
appears that only about one fifth of the worlds soils have been sur-
veyed, the highest coverage being in Europe and the lowest in Africa.
The information for China was supplied by the Soils Institute of Nanking
and is therefore, realistic and reflects the knowledge acquired in the
country ditself (II).
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In order to describe the profile properties of a soil unit beyond the sur-
ficial informaticn given on the source map (soil unit name, texture class,
slope class, phase and miscellanecus Tand unit), it is necessary to consult
the profile description in the volumes accompanying the maps. The profile
descriptions contain information needed to parameterize the physical pro-
perties of the lower soil horizons and the substratum for use in the
governing equations. The profile descriptions are records of observations
made on representative soil profiles at specific locations. Profile
descriptions may not be available in the corresponding map sheet volume.
The missing descriptions usually can be found in another volume. For
example, the map of North America has 75 soil units, but the accompanying
text has profile descriptions for 50 soil units. There are serious doubts
about the spatial extrapolation of specific site profile descriptions to
geographically distant areas, given the natural inhomogeneities of soils.
At the high classification level of the soil unit in the FAQ scheme, all
regionally important unique s0il and substrate climatic properties are not
classification criteria. Thus, it is questionable if a profile description
of a site in Puerto Rico is representative of the same soil unit in
Washington.

A precise answer cannot be given to the question, “"What is the resolution
of the soil file?" Horizontal resclution is higher than a 4° x 5° grid
cell and lower than at the ‘level of a 1° x 1° cell for a soil unit; but it
will vary geographically in different parts of the worid, reflecting the
uniformity of the spatial pattern of soil distribution and field survey
reliability. The vertical resolution depends on the agreement between the
subsoil property and the representative profile description of a soil unit
for each parameter selected. Despite these difficulties, it shouid be
possible to aggregate the mapping units into larger groups by focussing on
the properties of land surfaces that influence atmospheric processes, as
moisture storage, conductivity, slope, albedo (Gardiner, 1982},

IV, Use of the World Soil File, Examples of Output

The object of the file was to record the values of a selected set of geo-
coded soil parameters important for climate modeling. The file data set :
provides the basis of the spatial configuration of ground surface hydrologic
and energy properties applicable to a global c¢limate model. The user sets
up the classification system according to his research needs and percep-
tions. The file data then are available to prescribe the physical

equations governing water-energy-ground surface-atmosphere interactions
according to a numeric scheme. The file can be updated as empirical infor-
mation on soil behavior and field distributions of soil types are improved.

Several examples of tabular and map output obtainable- from the file are
given in Figures 3.1, 3.2 and 3.3, and Tables 8 and 9.

22



BILA0WY YIAON “STLuU (105 Qv 4ofey g hyy

- - - _u - -i- - L]
R AR EERRGR RS AAlA AR ARRRRRRA RN a ANy ey s nn a Rt AR NS SRl ARARSRRRARARARREARAR SRR SRR S AR sn R RaRRARRS S "

LAF BRI AR |

¢lavmaaNsR SHINT 06 0¥y e
[ ¥ELRRRYITIRRR ON
[ ] - ALIABE bvwdiEONR VIHINY HiY
"2} | AR N RN Y] 4
Fi Y ""... [ ] ...._.",._- CUNINO o ]
a8 tnnnly : i
P— PP EMYHINOWOS 1 .._...
, ABEWBWIY)Y [y SIOEOMETL A )
AlntanuiIn [y : EI050W3N X ]
[ SANII LAl YIIN & )
.y enaRiIEBIRINE [ $7080KY14 & i
Yad AVAaNGIEMEENTES AN ST05ILEIA A A
1] AY1VARRALALNNEENE & £I0800NY L ]
- % Nalalsusaw ANwRid & Z13NOIDE € )
[ATRYETRT T BimER [ £10509318 ¥ ]
PIBRNNL VS SAMbASad L bW i
FANVEVIN YRS E B AAAIPY §1080KRuy O 1*
ATRITYRRAT] assadbainl £107004 4 ]
ermBuNBIR NS Ad NNl e BI05018IH O 4
LTI YRR IR TY RN YR RN RN DD CIOSILIN N ]
I Z2ZRIRIRRITEARAI LIS RRIRATLFNEY ) [E1 RN |
[RELRRTARAAZELEL LR EVImimaw LARL SR3ZA3uE N |
(SRR TR RAFTLLLEL ] Y] [ BRI IR L FY veiln SI0SIANT
[RRRAR UL LTI I T AN E] sraefIY ENITIONYLIEYN N p
LARRRSLLLLRLLLLLELLR) sarrvey |
[RERARRLTTRLLILEY LY LARANEY n‘._..om;:.r. r »
(BRI AAREERLRLTYLLLTTT Y] Innavyy $I0E0M LT | ]
ITY 884 1N IRnnpnHETS ATERSTRAIFRLEINNTRT] L] ENIIDIVHL H )
44 404244 VAIIVNND wwd TEFIVIRIVINAS AL T RISRAFFLFRTLITIER] £1054375 0 ]
V4 Veadddddas d443178 Y3272 EI0SYMNII 4 4
cas * sedndent ¢ EYNIZONFH 3 1
deade SWSIARIOIJ0d O ..
aedd IRRRIIYYRITL] EMIZONNIHD I ]
aseelaud ]
[TITIXL YT TeSe UM EVIIIANRNOPAERID I ELIVaY VORI S slosienys @ ix
eddTES  IMVVIIIIINAREIIVIIRI N AaVIE Va4 Ei0siMIY ¥ ]
[ TYTT RN JI'RARRRRRFFRERRI RAIENERRARRT NI T B | p
T LRI RRRRRRI I I Y Py I R AR AR R AR R RRINRARRRIN ] )
PrrRRRI LI AL RREE SR RIRARRITRL Y] bas ]
SAdadEDAEBIYIE VAVIINHI VNN NN 4 b .
AR AR RI Y RAINR IR RN RN N T [ -
- 1% ]
tigen 1N sewy0 LS

Vilessnuonge
[ TIIRNN Y
adesdlidy

o [ 1] [TITTELY]
¥ ansddd
N ITTIRITIRER RS L]
Xl ] veRIvaud
~ua srPidLIVEN
b ow o AR RENNR ISR ELERD
TIY] ENIFFIRREIDD F
cen ® wvasniind 1.
LR | ] 1
serm o) ]
enscdippENy [N ] [N ] 4
4 s 4 WRS dN [ | [ ) 5 S8 1
as | I ] E
L ] | asny ]
un [ I TXER]
AN IIEE Y]] LI ENE R L] -

23



paLAauy YIAON “SL19) o 4O 93F1Y JtydACUoApAY [ 105 2%y f
- - - Y- - bt
.44441ﬂ111ﬂﬂ14*4444-14444444J4444441?44J4444J444444J4444444.ﬂiﬂﬁ#ﬂ#JJ_44ﬁ411114ﬂ44444444J444._-144...J-qﬁ¢_.<¢-.-q«4.
IFERERN! 1ASwrid "LINA az¢4 JiNG LUS Ty HO GISYHE
LR EERRRE]
PP ALVLS DI MOUOAH TS
davijblbibiil '
TN [} 100Rds L LOO0LRL VOlH3INY HLHON
L 4100 tvas i
L i Letlonsd
it e si00dnay Witxw1g =
[ Y I O08E LN ~ OIn0d o
40000LLLY ] WNOY ANIA M
$000000¢L40 a
‘ A1q0000dGs40 @ S5 INLIM oy v
dd 401040000008 € Hdas )
4ad $1100000000500 000 ONISY IHINI sud O
LY Lit1id06000000000 &
" d¢ €11144008444L0000000 O eI X
el AGLARLSAVELLLIAA L LLIOOGO0D @
diLLiRLLaddb LA Q000N 1000,000000001 0
dalliL Ll 00EGQR00000YL
ddLs bt daliNLin0aG:0aR0COIDAAUG)IE
VS LL LA ELAEAAL)ELLO0QNE I 00000N00CA0DGTELYE
nu.—-—-—-—-—r-—:-—--oae-an-n—ne-.coceuce.—-p
WLLLSLA BB IVPNLLIEAL0000NLIOI40000)a000LL M)
ALALLAA PR EVALILLLI0L001I0L104)2810Q0A080G3101
WLLLEA LML YARY AT L ELO0000U0LSSIRALGRUO0RDLLd])
hb-----—-—-q:t--——oeaoaoa—.--c—abenmoqopqg-
AL LE B AR LB AN B L EL AL ENH40000RA L0 I0 I LLLNOOAAGVI LIS
BAGASLA N AL WYREAMLE450005400L1€00GA008TI00000N0A0L1S
SLLBMRLLL bALML L1404 ERLMLIOCOO0Q08L000GA00U0RLINY
ikl LAl dRd  BLAA2ENLI00004040000301000)140000)141
L dRbLbabiblLad wad - 4431000000080 030A413L00L2I0L000)
ALLLLBLA LML LARSLEL o 1431LINGU00A08QL0L4IRTL0ALISIL000)
) [F PN SN Y PR RPN Y l did 1040001801 L2580 LINE11000G4)
[ LANSLNLLALBARINLLENE Lodddd0d00de LI I Q0RO LS NL00TE
FhbLa LA LB L LB ALRL]L LIt i dada0Q00A0Ca00GUO0D0LAIbIDLLY )
Lisk 1 LAGL0IAASLLAdANALIIEL AL SLARIGEAOU0A00A0OSAA00L LI NI0LILAD
1 Q0L LU0 L LA ARRARAARAAILLLIIIHINIWOGOQE00D0ATUAD0000KTINLLGE*MREL
LODOL LS A LM IBLIELE 4T iAN AARRASELLILILI I ANMELIGIBG00000a0d0000004 4200 LL
QwilORILO0RLTILLALI0ORRA AARARALLLALLINAY A it 1000C0Q0UBT]EAQ0OLLISELLY
goOQDi03 1L la0EiLLE00)R ARAARLIEIRAARGAS o d4dL ) 110400004 IRI000QLLAELI0NY i
LIGUO0ALAQOOAGOLLINDY) ARARAARL) Il toadddadd b bl B IR L LALLM LOBLNELOL]
Qé9UOARNAOEITLO0OG0 AARAAARL LLLAUAARSLELEILIAARSALISOQLIDIEELLLLAND asl
SO00URAAONO000D0G BARRSAALLIAA LI LILIISARRARILLELLILIGO 1O LD LOTOY o
900000960 00Q00G0 ARALLIALLY BMAAMILALLLIALIELAAALIGALICADOQ0Y ) i [ 1)
Yoo Qee0DA0Q0GE AALLLAEJL ISR HLINLYAIALLIGARARARIBE00RO IR ae LLE)
og €0000Q08 SALANBLBLLLdl) CQOARAMARARARARAARY M LLLODILLIGOO 00 esAsRQUOA
sogaocoan AR SLA B bIsds0U0RLEARRARKRANLLIIEL 0L it 10AQeessonl]l BBl QOUAARODARAAR
agaaoe BibbabbdnLdrsadssand PLLLI IR L IO IO L) LB sOROASSRLIL*AARRARRARARAR
ey [ ] 4 TAs sl bt bbb as b MDOLIARAARIN I BLLBLIRBMNELI -..en:::n.-unn:::-;:::r::a
o [WEEE] [y JAL LS AR S L LB b AL bRARPAAAAY I I LA BTl IBBL LAV RAAROAARAURARAARRAARAR
il dilny IR RPN I RN —--..---..._-.-..--.---::3::.:-.—_—-.----s::a::::a::a::s:’:o: A Be
il L Lideddd I ISR RS E N NN SRR R NS SR RN RN ALY ARLLYYTILLIERL bl I bARAARALLIAAAAARAAGRARAARAR
[FNN! irLebgii wdd [FE AN R RN N YN R N N R A R R N R R R R R AN AL L) AARRARPAANLLOLIJLRAARARARARARARARANANAR &
1h [N FEN] ] Iy} L3008 SRR IGL LA BBabbaibds B4R ii Rl stadsb ol il iORIEARAARAAARAAARGOOOORDOOAA
LY L [} IFE Y L INEY Ll [ IARLEL LI b LL il LAYIOAQGINCOOOGO0R0ONAAARACOTARAAR
[ IR (R L it il [yl by Bl beLadl $44 4 ARLIARARAY ONSO0Q0AARAAARRARARAARRAR
13 peviem i dlitisr00 sl Lisdbbadedrai AARARAARARARM
L ] L3401 1004001200000 i 1 EEFRERERNERD 11
L AN L1094 Q0dQQ 1 Liit) LA L LERBNE LR
RN 48 400 408N L1 LI TAREE!
a [}
RN Y TE Y] avssnjybiali L] '] [+ ] aQosgau0aas
IR RSN ENNRENE LR R el 3 "3 b 30 LD ug 4 [ [
ragen sewLill b (¥ [
mese i dedabney g Wil [ ¥ it !
» LN} LA R R X N J [ R ] .--n—
(AR ERNERNEDR} (AN LR RN NN] L N} 'y} —ﬁ'.I-
Bhabew (AR ERANNREER RN Y
bLinsEsIRRRRANY LA K ]

[T
yfl

24




ou_pmzw UIAON *S1[9) o 40 S955L]) d.angxup 3203405 {106 £ thiy

at- - - - - -~ ] =i
1-.4..._.-.41._.|q|-|._}-4j|11.j--._._.-.-.-..__.ﬂ_.c-m-..----...__----._.%jw%%*ﬁqjj-.i.ijﬁgz

Crrifl( i

sCITLEENE 1

::"""m”::: SRNUXI v G N0S 1

; PP ELLCLEDE ; 1

3 [ XS L hrrl ECRPELRE d“u:_wc‘d IhL&O’ﬁ “

[N Erey sCECCELAE

[E ) 22 ]  EEN NI ] WITIFID ]
1] [} ] sLICEERE HNYOHO & la

rtr £ "vM”“M“"v < INII- 'GIM - ISHYO0D @ ;

) vacstlicirt 3 L4 -a3n L ]

t vrecTrrcCEtre ¢ INIS~ ISHVOD # )

[ 14 pEefERELECELE € K LEFITLLERY ]

13y PErEL22CLECEE £0F INIS b ]

at PCEWMCITCELECTEL &
1] B0 PN CFPLUCEECENERLT € RAIdIN ¢ ]
CrEERsCCECrbbECTrEpPECCERRTERCLL [ 4 AcWNGI T

AICEIECECEPERCED P E P EIRCLICELELCCIES ix
FIELICEPCEWPEDCEPELCEIPTUEEDECCORGTNTS
ECEERE R EELEEeET I PEETEEPPECONT O ECCEELT
PEEILEEEECECEP P EECEEERCEEELEEEERCCREELELLEC
CECLCCCREEERCEEE P EERCECRUEERIECECCLCLREEEitil?
CECECECECqaUETurREiCEeEsECLCCTEECuETLUESEELLCPE i
ECCCLECEEfCCEECERCECEREEECCRECEEERLUERORECCLCK N
ECCEECESCCELEEEEEEEEETTREENECEEEECRELRECECLerCRRd ]
PECCEECCECLECCECEREETECECCEEECERCEELMEPEUEUCECCOEN
CrEUACCECEEdECREEEaEERrOEfCCierrEaReiccretaeneencte
FATCCECLCER CCEEECEENEECECTEETILCUCCRELECEVEEECRLRELE

25

FTICECCEEE CriEl CECCCOC LT 2 AL ETEC{ECEEEERECCERCCE .,

ez sy X0 CLEECCLECerrrEECECCErECCETOLOEOLREd ]

€4 ¥Lvrredrcrcoogy 21 vELRCECLCCEd v o v CACOaCEEOLECOREURLELY p

LELLCERAINTECIKPEDDZ 1 PRACERICCENEErEEUECEEECCCLIRARRCECERLL ]

3 CCEVILESRBLATIINERTCN PERIICEC AV ECLELLCCCIEEUECCEELEECLERLC )

e ifgETarerz eIl ECECLpORURLCCLKL CfLCCcfeccaiey . ]

tLLEEE tEEEcarELeETIIrORY RS ErerErCELeEEELiK gEecfedecrce ¥ )
$ELE i

4 TEICT RIS AN T T0anv b v AR 2RIV IV PRLELLEONES CEECPEECcatseke
CETRIREEEGEETECCCCRIERD poASsABRIR R v QECLERCNK CCeEe Rt ICctiaevie : I
SRICIILCEGCECELILTITONG CESERTITNATN P I EECEECEECCCICLLCN I RPECEEECLE
FIRTILILEECILLLGEREItY BERSEZZIRr P brel ¢ LCUSECCUICEEVECGUURIECPIELELIEL &
FICECLCOCTLARCECCTIINS POARAVEZECEUCEP PO 2R OSCUERELCRECEECLCCIRCLILRLME
CCLLCABELEARELLCE PErELLCEE P e r oo EEPPICENCCCUNAErroRETLTRSUCLRTE . 14}
CCECERZITEECIEI CEECCFCEEE e TR TIRTAGCEACECEefCCEIICELTIEIINE ic
SLLCCERRMITITIR CECCCCHP TP ZHT2TTRICECICIINLLRERIE2ANAIe (L [ 4 It
tEEE kxeerec2 e CLTCREECCLEEERERRCCEEPREvLL oot bR ZEE R vy (18]
[ 44 rreezydd rteeettreeLze RLZEveko NG iRl eCRCCTRESREETTRS 't cccceerec
X REFRY] ERRA T INEE AR TN L v ECo bbb b e CRIRZDRIZANRAIR 00U ]] sEL FRICLCTIECRCE
il rrrIILIZERALRNL Y CCESCELZ A TR ITERLRCE L2 REme e CtrRURCICCELOTLL
ey ] [ § trtererverERILY PP CE L AR PR P ETRC e et RN Ll RO PPN ELCEREE
risrrt [ 31 TR IR Z Rz AR TN AR F T LA LI AR PR TQI AR TACKCRCULITIRCHACLELCLUCLEL
[ EXERNREEEE LN igt n-nun-n~u~u~n-nuu-u-uﬁuu-u-rﬁﬁuhua-u--~uuanu-nouaaﬂnﬂnﬂnnannnnnn—a-ﬁ [ ¥
re IZEER X [ FrzrrtrreczertreryrIRR2LLLL CLEICCCRTRIE2R2ECOCLLLCEEOECEEECErECRTIRLL(E
Jagaprll 11 rtetepepereeveE R EtreeE IR bR LR R R LR LL Ctd Ll a e ClaneRERrET R CRECEECLLECCETRLREE L1
AR ERER RN 1t - PRATRE RXBVETT RRL2AINRTRED FETIEECKCEELEEECACCCREEERERRP2RATLCCCECUCOEgCsUITIL I IINCL
Trartl Jtar 2ITTIE [ 44 fe A—nnnnaqn-nﬂnnnnnav'unu-u---«nn-annnannu-nnnn
ewtrERER tte ) e [ 4 dece €ReCCeECia CLE € LediisaLy e tEEieaCEECECEEOCL(C
tenfongzbbRERILTRINER e (14914132350 0 444471199384
rarnyinIrnnIng 4 (4239329311431 [ 211
) [EE X RS €66 tC CECCad AR
ateq 1 et Trcenens
i

§c
f€LEC
IR EERENEERRAIITIINRERER | TIETIOPRLECCEECEECECCCLERECETRCCERERD
fLeee
i g

Ao s & oA il k

A

[ 4 4

Lt L4
H (et
Farre e

(XA RER NN

st s nrsnsRaNT OB O RENE
sessssnnmnapniunfne
essesesnnnsansranniEls
frv s rabnapnaninn ssvessanane wemeffIQf
SAEXEYERTNENERESRE IRESERNRNERN Y [ £ 4 Efavra

e YEwRERN (AR EENRE N AR ERN RS NN AR RERENE N '
ECCapnanasanvaninsasn

N

'
sasssnnpsrbr (L KL CELELCERLEE
sl £ st € vk LC CC € « t cCe
tesCEEE L€ £c e b
seseveniELL +£CK ¢ [ 1499 [ 4

i




£56°£9602

S187914¢
00L°2622
vi0 viee
§592°€£2ve
628°2tye
ELv° LG
¥g89°29%¢
1€0°£652
VA N Y T R4
969°¢08¢2

DSKIE+T

Y31lvH vayy

‘82e¢

‘902
112
112
] P
812
"hed
*92¢
"1l
‘hE2
A4

S1132

dilvM “ON

000°0

00070
000°0
0o o
00070
000°0
000°0
(0070
00G°0
000°0
000°0

OSWIE+]

301 VIWY

NoOE=o(2e .DZﬁm

301

»
=)

- - - L] - - [ ] L] »
cCcoooCcoDDoDooo

$3132

“ON

68£°92¢€51

1€27£591
910° 6191
601°pE91
G81°0951
{89° 1891
BLB'CLY]
fB9Y 6161
G92°6151
896° 16t 1
v8G°99¢E1

DSWXE+3
110S vV

AN

Bzl
‘6yl
A
"1yl
“evl
‘1€l
“pel
‘gl
“1el
"811

S0
110S “ON

30NLTLIVY o001 ¥V 40 $31143d0dd IIVHENS

(Y101 334930 01

194701
998" 01
£96°01
G90° Tt
091711
162°11
6LE 711
g€l
v0s° 11l
186711

"OSWAE+]

Vidy 1133 1

'g 219e]

5°6¢
5°y¢
5°{¢
§°92
§°6¢
5°ve
S°ge
§7¢¢
S$°1¢
§5°0¢

*SGY00I
"IVI-GINW

S|2) JaieMm pue *)1 ‘(10§ 11°g 2[qey



(uoLjeue | O0xa 404 1x9] wmmv
94n3x93 ‘ixi fILUR | LOS ‘NS fBULY WNIP3W BSJROD *J=p=7 fAULY wnipaw ‘- fPULY BSIROD * -7 LWNLPIW BSIR0D ‘=)

(NYVE o0T N1 NS 1Y TV 40 INID¥3d SY SSYID 1XL 000°0 0000 £1p°¢
0T¥0M NI LXL IWyS 7Y 30 LN3IDY3Id SY SSYID 1XL 00070 0000 102°6
GNVE o0T NI IXL 3WVS TV 40 IN3IJ¥Id SV SSv1D LX1 000°0 000 °0 v86°05
OTH0M NI NS STHL 40 IN3DY¥3d SY SSY1 1XL 000°0 00070 9076
NVE o0T NI NS SIHL 40 IN3D¥3d SY SSV1D IXL 000°0 000°0 622" ¢
DSKX €43 °S1130 40 v3IYy 000°0 0000 0v0° €25
JINYIY0 4*HW-9 4N
O180M NI NS 3WYS “IXL 3IWYS 1TV 40 IN3DY3Id SY SSYT1D IXi 000°0 - 8000 211796
AT40M NI NS 1V W 40 IN3DH3Ad SV SSVTD LXI 000°0 000°0 T9S°0
GNVE o0T NI NS TW TV 40 IN3J¥3d SY SSY1D 1XL 000°0 0000 Ly2"s
OT¥0M NI 1XL 3WYS 1TV 40 IN3DY¥3d SY SSVI1D IX1 00070 000°0 0LL°¢
ONVE oOT NI IXL IWYS 1 40 LN3IDYId SV SSYI1T IXL . 000°0 000 °0 196°0¢€
Q740M NI NS SIHL 40 IN32¥3d SY SSY1D 1XL 0000 000°0 956 °¢ 1
ONVE o0 NI NS SIHL 40 IN3J¥3d SY SSY1D Lxl 000°0 0000 629°25
DSWX €+3 “S7730 40 vIuy 000°0 000°0 102 v08
-3 W-2 INIA
JTd0M NI NS WS “1X1 IWYS T3V 40 IN3IUId SV SSVID IXL 9/0°0T1 000°0 000°0
07%0M NI 0S 17% 1TV 40 LN3ID¥3d SY SSYI1D iXd SE1°0 000°0 0000
aNYE .01 NI NS TV 77V 40 IN3ID¥Id SY SSVID XL 01£°1 0000 000°0
GT80M NI 1X1 IW¥S 71V 40 IN3IDU3d SY SSY13 1X1 £9€°0 000°0 000°0
ANVE 00T NI IX1 3IWYS 11V 340 INID¥Id SY SSV1I iXl 86 °G 000°0 000°0
G740M NI NS SIHL 40 IN3JIDY¥3d SV SSY1D 1XL 68t ¢ 000°0 000°0
ONVE 0T NI NS SIHL 40 IN3ID¥3d SV SSYI1I IX1 AR 00070 0000
OSWY €+3 “$7730 40 v3uv 228°002 000°0 000°0
WNT03K 3SYY0D 301

(PLJOM Byl JO EdJe |LOS B30} Y] SO %EQ°[ SL PUB PlJOM BYJ UL BAJR JLUN |10S QY Yl JO %2G°CZ SI pue
BaIR [10S pueq (B307 3Y] 4O %7676 S! YOLUM WY £+382GT1 4O IR UB UM pueq UL S[13D o[ (E] $3LdNII0 Qy)

T0S1HIY JLHLY0 ‘OV

1Un | LOg Sweg ut mmkq 1105 p{JOM JO pue puey 0T
YT 4O JUBdLY SB Y |0SLUDY DLuJQ QY ‘LU [LOS © 1D2|3S 4O ssef) 9JNIXJ] UDZLJOH .Y, :2°8 3|ge}

27



DL —~~DOoDWwWwCo oD
[ap 4N ] O —

oW oOn o oo™ D

s Ch
O <t
—

Th O MmO
=r

ovl

0

SO o

0344
0344
ELE]
{0344
0344
0344
WERE:
0344
WERE!
HERE
0344
0344
0344
0344
D3u4
IERE
0344
tERE]
D344
0344
b3y3
WERE)
WERE!
0344
WERE
0344
b 344
0344
HERE
0344
D3Y4
HERE
IEEE]
0344
0344

AVHINOOS JIHLHD
T0SOWY3A 21SdA9
0S0WE3A 210710

105093 1AM
10SONY1d 217139
TOSONYId  JIWNH

10STLIH3A 21713d
TOSOONY JTHLIA
10SOANY JTHNH
Z13K010S 2143719
1050934 J141SAQ
T0SON34Y 217T¥HY3d

102304 JI12vd

10Z00d JTWNH
T0SOLSIH 217139

JOSOLEN DIWNH
W3IZA3Y¥9 DIHLINO

10STANT JIHINI
TOSTANT 314379
10SIANT 2187V
WIZONVLISYX J17dWH
10STANTd 31¥LSAQ
W3IZ03vHd 21AM
W3Z03¥Hd J1YYITWD
T0SA379 I17TI0W
T0SA319 DTHLSAQ
10S7¥4434 2100HY
T0SIVHY3d JTWNH
T0S1ANT0Z00d J1A3T9
WIZONYIHD JTAM
N3IZONY3H] JISS019
TOSTAWYD 313792
T0S18WYY 21 1VY434

F0STARYD JTWOBHD

10STYHIY JTWNH

(€62 = B3Iy
‘0z 0 = D344
“AA 0 = 0343
XA 92 = D3IyYd
‘X 01 = h3y4
‘XM I = 034
“HM t = 0344
“dA 1T =034
‘AL 0 = D3yl
‘HL Z = D34
‘0g 2Ly = 0344
it ¢ty = 0343
‘40 0 = D3u4
‘dd 1€ = D3Y4
‘Hd g8 = D3y4
‘X0 (= D34
*HN g = D3y4
‘DR 0 = b3y
‘d1 09 = 0344
‘91 £ = DH3yd
‘v ovT = DIud
“HY 0 = bIyd
‘ap S = D34
‘M 62 = D3Iy4
‘OH 29 = D3ud
‘W9 1 = 0344
‘a9 T = D3ud
'L 0 = 03u4
*H4 1 = 0344
‘9 8 = DIy
‘19 v = D3ud
‘99 T = 0343
‘34 { = 0344
* 34 €21 = 0344
‘od t = 03y
‘HY 21 = D3y4d

321/4312v19
AVHONOTOS 21710W
T0SOWY3A JFHANYL
10S0WY3A I171dVH
105043X 2127¥3
10SONYId 2160108
TOSONVId J1dLN3
TOSTLY3A DIWOUHD
TOSOGNY 31440
Z1INO0S JIHLIY0
1050934 21139
1050934 IT4¥ YD
T0SONIHY J18WVD
1024004 3THLH0
102004 3143719
TOSOLSIH 314103
TOSOLIN 31d1N3
W3ZA3Y3 21430
TOSIANT JIHLH0
T0STANT J1yUyd3d
WIZONVLISYY DIANT
T0STANTA 3INOIHL
T0STANTG J1UVIYD
W3Z03¥Hd J11dVH
10543713 217139
TOSA3TI IIWNH
10SA373 D149¥ITWI
10S7vdd3d JTHINI
RUMRLAEEERMI R R
T0SIAMI0Z00d J1dEN3
WIZONYIHD J107WD
10S18WYd 21139
10STAWYD JIWNRH
JOSTAWYD 214in3
10514V JIHINIW
10STHIV J1A37D

034
ERE
0484
0344
0344
b34
WEFE]
HELE
ETE]
0344
0344
ERE!
0344
WEER
WERE
0344
D3u4
WERE
WERE|
0344
0344
(ERE
0344
0344
0344
0344
WERE!
0344
WERE
WENE
EEE|
0344
0344
0344
HERE!
ERE]

VITYIWY HIYON 804 SIIININDIUL AL¥IO¥d 113D 40 AYVWWAS 6 atqe]

AVHINGOS JTHANWL
AVHINGTOS 214379
1050WY3A D1ANT
105083% J1S4A9
1050434 J114VH
10SONYTd J17710W
T0SONVId J1d4SAQ
HIANVY

TOSOONY 21 7170W
Z13INOT0S 21710W
1050934 2181N3
TOSONIYY J1ANT
JOSONIYY D187V
102004 311437
10200d 214434
0SOLSIH 21Y¥LSAQ
TOSOLIN 2141SAd
TOSTANT DIL1H3A
JOSTAMT J121Wd
TOSTART JTWOYUHD
WIZONVYLSYA J1J7¥)
JOSTANTS 31HLN3
T0SOHLIT

W3Z03VHd J14373
T0SA3Y JIHINING
105A379 J1dlng
105TVHY3d JTHINYX
10SVHd3d JTHIYO0
YNITZANTY
T0STANN0ZG0d 2141SAQ
W3IZONYIHD J1TdWH
FOSTHWYD D1143A
T0ST18WYD 314373
TJOSTEWYD J141SAd
T0STHIV JIHLY0
10STHIY 214d3d

situn oS

176 378vL

28



£6¢

V13
1¥3IYHd
TWol3d

vt =

8¢
861

1]

= 14178
= WYdINT
= INTIVS
= ¥3413d
0£~0

JINY9U0
GIN-SYD

{8
56¢

161

0
649
11

[}

(*uorjeue|dxe 40 1x33 0ag)

G = 1105 934 324UN0S OVI-NON

v0T = ¥310v19 934 “30UN0S OV4-NON

SIT = 43I3V19 934 7/ 110S A1¥MII0S

g = 110S 934 / ¥3IOVI9 Q1UMII0S

0 = (13L3¥dHTINT 34071S

901 = X (3138443INT 3UNLIX3IL

I = Q3YY3INT SATLH340¥d “LINN TEOS °OISIW
satouanbady 123 9poy (e1dads :g'g a|qe)

= §1y483Q YA = ANNG S11 = ({30NOd
= 0YdWid 0 = J100S 0 = 004432
= NdIung 08 = Nd9vud 0 = dA9l3d
= Jldlid 061 = JIHLIN 6v01 = ANOLS
saiouanbaJy [[3) 3iup puel pue dSBUY iptp 24P}
0£<-0 €96 = 0€<-8 6 = 0€< ‘8-0
0E< £98 = 0¢£-8 vhe = 8-0
satouanbauy |19y ssey ¢ ado|s :ig's @lqe)

£6d = 4310v19

3-W-2 {9 = 3INIJ-03W 01 = NI 3-SYO
INIA bbpl = WNIQ3W 986 = 3S4v02
salouanbady |13) SSe() @unyxay :z"g aLqe|

(*P,3u02) & 3(qey

2%



V., Discussion

The world soil file and the Matthews vegetation and land use file were
developed for use with the GISS GCM.” Together, they contain data to cali-
brate ground surface energy and moisture flux governing equations when
coupled to a dynamically interactive ground-atmosphere global climate model.

Two other global soil data files for climate models have been organized.
Tne first was developed by Lin, Boch and Alfano (1979) to parameterize
water and heat flux equations in a simplified two layer soil grofi1e
underlined by a deep ground water layer for use with GLA GCM, The second
was developed by Wilson and Henderson-Sellers {1985) (WH-S} as a globa!l
archive of soils and land cover for use with the United Kingdom Meteoro-
logical Office global climate model. The soil data were obtained from the
FAO scurce, except for eastern Europe. The WH-S article does not state how
the data were .collected from the source map and aggregated into 12° x 12°
grid cells. Their report also does not describe the method used to reduce
the soil units to two categories suitable for climate modeling; nor, does
it give the properties of each category.

The world soil file is essentially a raw data file rather than a file of
climatically classified soils. Groups of soils can be obtained from the
file by defining value class intervals for the parameters. To model the
role of soils in c¢limate change the properties of subsurface horizons were
extrapolated from specific representative site profile descriptions of the
same soil unit, These data then may be coupled to a numeric scheme in
order to evaluate the sensitivity of soil properties in c¢limate modeling.
The world soil file provides the raw data in a form that facilitates user
ground surface model experimentation with an atmosphere general circulation
model, or with metecrological data as the forcing function, It can, of
course, be used for other purposes that require_information on the geograph-
ical distribution of soils and soil properties.

NASA Goddard Institute for Space Studies, Global Climate Model

NASA. Goddard Laboratory for Atmospheres, Global Climate Model

A tape and documentation of the World Soil File are available on

request to NCAR, Data Support Section, P.0. Box 3000, Boulder, CD 80307,
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