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1. INTRODUCTION

0o behalf of the Director-General of FAO, the Session was opened by
Ir. H. Dudal, Director of the Land and Water Develomment Division and Dr. F. Mathes,
Frogramme Officer of the Divieion of Ecosystems and Natural Resources of UNEF.

In hig introduction, Dr. Tudal emphasized the urgeni need for a better
understanding of the risks of soil degradation and their geographical distribution
as well as a betier knowledge of where degradation occoure at pregent. This lmowledge
is absolutely wvital for sound agricultural plamming and agricultural adjustment.
He pointed out that, among the constraints to soil conservation work, the lack of
immediate returne is often a deterrent, since benefits from goil conservation are
a long term proposition. It would be desirable therefore to conbine soil conservation
activities with other elements for increasing crop production. In terms of economic
benefite it may not alweys be possible to prevent soil degradation totally, but it
should in any case be reduced to permiseible levels. Dr. Dudal then put the
consuliation in the perspective of the United Nations World Food Conference, which
adopted a resolution 1/ to establish a World Soil Charter, recognizing the land
resources of the world as a common inheritance, which need to be managed and preserved
for the benefit of mankind.

Ir. Mathez stressed that in particular srosion, salinity and alkalinity and
the loes of goil fertility seriously reduce the natural potential of soils to produce
food and fibres. He indicated that the assesement of soil degradation should not be
an aim in itself, but should be followsd by action programmes in the field. UNEP's
Global Environmental Monitoring System ((EMS) is expected to provide the necesaary
bagis for the subsequent monitoring of goil degradation phenomena.

Messrs. Pécrot and Higgins explained the relationships between the (lobal
Assesement of S0il Degradation and other activities in FAO, such as the FAO/Unesco/
15385 So0il Map of the World (which serves as a basic document for the project), the
UNEP/FAD lnesco,/MMO World Map of Desertification and the appraisal of present and
potential land use by agro—ecological zones, which is a firet approximation o a
global land evaluation.

Mr. Riquier presented the background paper {Annex III part 1} and underlined
the major items for discussions during the meeting (Amnex III part 2).

After the introducteory statemente the meeting adopted the provigpional agenda
(Annex I) and agreed to devote some extra time to a discussion on the legend of the
UNEP/FAQ/Unesco,/WMO world Map of Desertification owing to the presence in Rome of
Lr. B. Rogzanov, Senior Programme Officer of the BSecretariat of the United Nations
Conference on Desertification. The meeting approved the legend. gj

Resolution VI, World Food Conference, Rome, 1974.

The World Map of Desertification was prinied in May 1977 as document AftﬂHF.T4fE
and ies ayailable in Arabic, Chinese, Engligh, French, Bussgian and Spanish from
UNEP, Hairobi.

ek



II. CONCLUSIONS AND RECCMMEKDATIONS

Although no formal recommendations were made by the meeting, as this was not
intended in the first place, it was felt that certain points of emphasis had emerged
from the discussions.

It was suggested several timea that a pilet field project should be added to
the main project in order to improve further the methodology because, although desk
studies are wvaluable, they need confirmation through field testing. Morsover, it
was giressed by warious participante that if a computerized data processing eysten
adapted to a specific country's needs is to be one of the results of the project,
then field testing of the system ie esmential.

A gecond point was that the methodelogy proposed by the project staff was
congidered acceptable, although preferably the capability of the environment to
provide protection by ite vegetative cover against soil degradation should be
taken into account. 1/

Thuring the meeting, many criteria to zseess the wvarious types of =oil
degradation were outlined by the experis. However no uniform methodology for
quantitative aszsessment of soil degradation was presented by the participants except
for the assessment of water and wind erosion. The methodology used in Australia
for the assessment of actual soil desgradation was well balanced, but cannct be
extrapolated to other areas without substantial modificatione.

The resulis of various national and regional assessments were presented by
the participants. These can be used, after a correlation process, directly for
ihe map showing actual soil degradation, and they aleo provide gome pguidelines
for the map of potential degradation.

Finally, the principles of the proposed legend wers agreed upon, but since
no draft of the map of Africa nerih of the equator was yet available, the meeting
decided to leave the details of the legend in the hands of the project staff.

1/ A promiging parameter has emerged from other studies me a eriterion for this
capability: it is the length of growing eeasem. C.f. also the Australian
sygtem quoted in Annex VII. PFurthermore, other ammexes contain specific
details concerning the methodology.



ITI. BACKCROUND DOCUMENT

The backgrouad docunent lj reviews the history of the project from the United
Hations Conference on the Human Environment held in Stockholm inm 1972 to the present
Fxpert Consultation.

The objectives of the project are to establish the facilities and methodology
for a global aesessment of goil degradation, and to initiate a global assessment
of actual and potential soil degradation based on the compllation of existing data
and the interpretation of envirommental factors which influence the extent and
inteneity of soll degradation. This assesament will be started in Africa north of
the squator and the Middle KBast as a test case, with the ultimate goal of drawing up
a World Map of S5oil Degradatiom.

In the section outlining the philosophy of the project, soil degradation is
defined ag:

M501]1 degradation is a result of one or more processes which lessen
the current andjbr potential capability of soll to produce {quantitau
tively and/or qualitatively) goods or services".

Furthermore it is pointed out in this section that, although the establishment
of a methodology for asgessment and the actual acil degradation assessment are two
different exercises, the methodology discussed should be restiricted to those processes
whose results are mapable at the envisaged scale (1:5 000 000), but refinements of
the methodology should be pogsible for use at larger gemalaesz.

Classes of degradation intensity, as far as the assgessment of current degrad-
ation is concerned, should be besed on the intensity of the processes and not on
their results, in order 1o eliminate the factor 'time', and becaunse the results of
s0il degradation are a subject for land evaluation.

The evalumation of potential soil degradation or soil degradation hazards will
indipate the maximum natural vulnerability to soil degradation, assuming that the soil
ig not protected againgt degradation forces.

The Director-{eneral of FAD agked Member Governmente to desigmate a focal point
for their countries (ingtitution or individual) to serve as a contact for collection
and gompilation of basic information on =0il degradation. At the time of the prepa—
ration of this report, 54 govermmentis hawve designated such a focal point. In additien
30 this, four comsultants have wisited a total of 30 selected couniries to collect
sxlgting information on soil degradation and related subjects.

Studies undertaksn so far concentrated on: gj
- application of remotes pensing technicques;

- ogollection and compilation of meteorological data that
determine climatic aggressivity;

~ general outline of a methodology and selection of uniform
eriteria to assess and monitor soil degradation, with emphasis
at the present stage on goll erodibility with respect to water
erosilon.

4/ 'The background document is reproduced in full as Annex IIL part 1. _
2/ Technical papers on these studies will be presented in section IV of this report.



The following elements in the methodology are stressed in the background
document :

- use and interpretation of existing maps;
- uge of satellite imagery;

- use of existing prediction models;

- use of field data.

A tentative legend for the map is alse proposed. In this legend, three
intensity classes are distinguished: slight or nil, medium and high, while
the other major criterion is the type of degradation process with two lewels of
detail, e.g.: moderate soill erosion by water: gully erosion, where moderate
indicates the intensity, soil erospion by water indicates the process at the
highest lewel, and gully ercsion at the more detailed level.

Finally the background document draws attention to some specific problems:
— generaligzation of complex data;

- processes mapable at the 1:5 000 OC0 sealej

- galection of criteria for assessment;

- gtandardization of the criteris in some form to allow for
automatic processing.

In the presentation of the background document emphasis was given to the
problems encountered in the assessment of present and potenmtial goil degradation.
A supplement to the background document entitled "Philosophy of the World Assese—
ment of Soil Degradation and Itema for Discussion" 1/ prepared by J. Hiquier was
distrituted to the participants. The difficulties that arise from changes in
land use and management are particularly important for the assesement of potential
degradation, and they were eleborated and illustrated with a graph.

Discussion

Mr. de Meester, commenting on the background document, made epecial reference
to the proposed methodology for potential depgradation asgessment; in particular
to the fact . that, as said in an example concerming so0il erosion by water, the
protective effect of vegetation as well as that of management practices will be
excluded. However, it was contended that the protective potential of the vegetation
should be taken into ascount because, otherwise, it would be wvery difficunlt - if
not impossible — to deduce the restrictions to the use of the land needed to reduce
degradation. -

The project staff anewered that it was unrealistic to expect valid management
directions from a map at a 1:5 000 000 geale, but agresed that the potential faor
recovery of vegetation wap not uwniform throughout the world. The distribution of
effective rainfall over the year 2/ may be a satisfactory factor to express diffe-
rences in the regenerative power of the vegetation, and some time will be devoted to
a feagibility study of such factors.

1f This document is reproduced in full as Annex III, part 2.

2/ Effective rainfall has been used in Australia as a factor for estimating water
and wind erosion hazards. See paper presented by HeW. Pauli: "Aispessment of
Land Degradation in Agricultural and Pastoral Areas in Australia" (1975-T6).



Iv. TECHNICAL PAFERS AND DISCUSSIONS

Faper 1 STUDIES OF ERQSION AKD SEDIMENTATION
Il THE INTERWATICHAL HYDROLOGICAL DECADE AuD
THE ISTERMATIONAL HYDTEOLOGICAL FROGHAMME CF ULESGO

by F. Fouraier

The International Hydrological Decade was launched in 1964. Sediment
trangport by riverflow was one of the subjects studied. The results served as
the basis for the compilation of a World Msan.gt.a srale.of  1-35 000.0MN deodgting.,
sugpénded gédiment loade of major rivers. The preliminary conclusions to be drawn
from this map are that:

—= in Africa and Latin America ingufficient measurements have
been taken upon which to base any conclusiong on specific
degradation in these areas;

— & relation exigie between gpecific degradation and climatic
aggressivity.

Bepides climatic aggressivity, the location of the sampling point, i.e.
digtance to mountains or hills and to the eea, also has a marked influence on the
gediment load measurements.

A new map is being prepared which will not only show sediment loads btut
algo specific degradation and it will indicate clearly that differences in specific
degradation hetwesn mountainous and non-mountainous areas are very pronounced. It
would be wery difficult to draw isolines on thie map linking pointe with equal
apecific degradation, partly because of the secale =nd partly hecause of ingufficient
sample—density.

4 gtudy is currently being conducted on the relationshipe between annual rain-
fall, rainfall regime and sediment transports. Through analyses of graphg it has bee
egtablished that five completely different relationghips exist. The nature of these
relationships Lae not yet been established precisely.

Diecusslon

From the discussion, it appeared that no analyses had been undertaken to link
the findings of the International Hydrological Decade with climatic aggressivity
gince thie was the subject of an earlier gtudy by Fournier; 1/ thig study found a
definite relationsinip between specific degradation in large cetchments and a climatic
index.

The specific degradation is arrived at by ascribing the annual suspended
sediment load measured to the catchment, so it does not eguel grose srosion. No
attempts have been made to correct the specific degradation by dividing it by a
gediment delivery ratio in order to arrive at & groas eroslon estimate.

1/ Fournier, F.: Climat et érosion, Presses Imiversitaires de France, 1360.



Paper 2 WATER EHOSION ASSESSMENTS
by G.lls Moster

Two procespsas take place whed poil is eroded: s0il pariicles zre detached
and transported. Haindrop impact and flowing water are the detaching ageois, run-
off the transporting agent. Transported particles may be depusited or they may reach
a water body, which can be the ocean. Thus the following nogative effeocts result
from zoil erosion: degradation of arable land, transport of polluiing chemicals
absorbed by the eroded soil particies, pollution by the sediment itself.

Singe the soil renews itself, although slowly, sume erosion is permissible

as long as no more soil is eroded than is formed. However, if the s¢il is removed
faster, the guality of the soil as a crop growing medium decreases, produciion costs
will rise znd at a certain stage economic crop production will no longer be feaslble.

" In an sssesesment of water srosion the impast of pollution by sediment and
chemicals should be taken into account, particularly because the rate of permissibtle
erosion, as far as crop land ie concerned, may have to be further reduced becaunse of
gediment damage.

S0il erveion zseeesmernts are a prerequisite for sound land use plamning, 1n
fact the actual and potential erosion assesement should be part of a land evaluatiom
study of the ares.

A model useful for the assessment of upland erosion ig the Universal Seil
Loeas Egquation EUEEE} which may be seixpressad as:

A = RKL3CP
where: A = goil loss in mass/unit area
R = rainfall and run-off erosivity
K = poil erodibility factor
L3 = topography factor for slope length and stecpness
CF = cropping — managemeni — supporting practices factor.

The equation is widely used in the U3A to design conservatlon measures. Values
for the various factors are readily available for the USA and are being developed
for other parte of the world.

If walues for the warious factors of the USLE have not been worked ocut for a
particular area, an expert with thorough knowledge of erosion principles can make
reliable estimates. Often the values of the B={actor need to be adjusted to:3l- 1@ ares

under consideration, since wvarious rainfall characteristics may be different from those
in the eastern UBA. Ioctrapolation of the other factore is normally less troublesome.
Altnough errors may ocour this way, the results are generally more reliable than gusss-
work, becavse the interpreter ig forced to consider the influence of all important
factereg if the USLE is used.

The form that ervsion takes: sheet erosion | interrill ercsion, rill erosion,
pully arusion} is not automatically an indication of the degree of erosion.

The parpose of an erdslon assecsment ie one Tacior to be considered when
determining the methodology to be followed. If the purpose is to ldentify specific
farm needs, the assessment must foocus on the properties of the various farm fields;
in & regional aesessment a field by field assessment is not necessary, although one
must kesp in mind that the influence of extreme properties ic greater than that aof



average conditions. Consequently, a certain sampling technigue will be appropriate.
Any sampling must be based on statistical principles that will allow sound statistical
analyses. Several sampling techniques using grids are mentionmed, as well as the use
of sample areas. If large areas necd to be assessed, a breakdown in general land use
classes, Which are gampled separately, may be the appropriate way.

Ideally, all sample points should he visited in order 1o collect the relevant
information, but this is not alwaye possible. Other technigues, e.g. remote sensing,
can yield acceptable approximations however, although soms ground truth information
is necessary as well.

Fast ergsion is a good indicator for erosion hazard, pruvided the land use
does not change. In most cases however, land use alternatives should ba taken into
account. With the USLE this can be dome.

Paper 13 ERCIIVITY IN THOPICAL COUNTLIES
by de Lal

In tropical countries improper management technigues may lead to serious
erosion. 'Thie is due to the high aggressivity of tropical rains (high evosivity)
more than to vulnerabiliiy of the soils, although large differences in vulnerability
between various s0il - landscape complexes exist.

Eroeivity under iropical conditions is congidersd to be greater than in tempe-—
rate regiona. This ig due to:

-~ larger median drop sizme in tropical rainstorms;

= higher rainfall intensities in tropical rainstorme; and thus
consequently,

= higher kinetic energy of tropical rainatorms.

Hince field experiments are time conguming, varicus sclentists have dewveloped
empirical equations for ihe calculstion of the rainfall ercsivity index. Im this
paper several of tlese are reviewed and & new one, developed at IITA, Ibadan,
Higeria is iotroduced. Thiz new index (Mm - index) is reportedly applicable zlso
in Australia, Indla and the Hepublic of Denin. It is calculated by muliiplying the
rainfall amount (om) of a rainstorm by its maximum intensity [{}mﬂlrj. Hunericslly
the differences between the Al = index and the R=~factor of the Universal %o0il Loss
quation are small so that the"Al =~ index can be used as ihe rainfsll factor in
the Universal Soil loss Equation.’



Paper 4 METHODOLOGY USED TO DETERMINE
THE MAXTWUM POTEWTTAL AVERAGE ANNUAL SOIL LOSS
DUE TO SHEET AND RILL EROSION Iy MOROCCO 1/

by HeM.J. Armoldus

The maximum potential average ammual soil loss due to sheet and rill erosion
for Morocco has heen evaluated using the Universal Soil Loss Equation (USLEj. In
order 1o arrive at the maximum potential soil losa, the value of the cropping manage—
ment factor (C—factor) and the erosion control practice factor {P-factor) were chosen
as unity (C = P = 1),

Since no adequate density of stations for which the RE—factor has been calcul-
ated exist, an approximation was used. A study carried ocut at F&0 indicates that a
high correlation exists between the average annual rainfall and the index

12
2
E:: p; /Py
i1

in which p, = average monthly rainfall and P = average annual rainfall. The resulis
agree very well with the values of those stations for which the R-Tactor has been
caleulated in the traditional way.

Spil erodibility was determined using the soil erodibility nomograph developed
for use with the USLE; in some cases an approXimation was used if the percentage of
very fine sand was unknown; slope factors were calculated from the FAO/Unesco Soil
Map of the World.

The results are presented on four maps in Annex IV; one of them gives the
maximum potential average annual soil loes as determined in this way and it ranges
from 0—2 000 tone/ha/year; the map shows four classes: none to slight, moderate,
high, wery high.

Discusgion

The papers of Foster, Lal and Arnoldus were diecussed together. The first
part of the discusaion concentrated on the applicability of the USLE outside the
USA. According to Foster there is certainly scope for use of the USLE in tropieal
sountries also, if the interpreter is familiar with the area concerned and if he has
good knowledge of erosion principles. If both conditiong are met, intelligent judge—
ment will Tesult in assigning reasonable values to the various factors of the USLE.
4lso Foster pointed out that in view of the level of maximum accuracy possible on a
115 000 000 map, in some cases one can afford to make mistakes as high as 200%
without eerious errors being the result: e.g. a calculated soil loss of 12 tons/ha
year would be considered as the lowest class as well as a real soil loss of 4 tons ha,

Jesl.

Concern was expresged that in the example of Morocco only the dominant soils
of the Soil Map fo the World were evaluated. Arnoldus explained that this study was
presented as an example of methodology to be used, and that the methodology applies
sgually well to associated soils and inclugion of the mapping units. In this case,
the map shows degradation hazard associations, which will be dealt with more fully
when digcussing the proposed legend.

1/ This paper has been reproduced in full in Ammex IV.



Ae far as the prooosed procedure for calculating erosivitry is concerned, it was
pointed out that the precise relationship hetween the R-factor of the USLE and the
12
¥ Pifl’z
i=1
index changes from one zone to another, therefore the relaticmshins ghould be fitfed
to kmown values for some stations in a sone,

Faper 9 APPLICATICH OF LANDSAT IMAGERY TO
THE ASSESSMENT OF S0IL DEGRADATICN

by J. Hicuier

fonventional aerizl photograchy shows many soil degradation features. Tmfor-
tunately, because of the vastness of the project area, conventional photogranhy can
anly be used for pilot areas. Also, although many Landsat images are needed to cover
the project area, 1t is nevertheless feasible to use them. However, some limitations
ara inherent in these images:
- the weak resolution (80-100 metres) does noi permit the
detection of many degradation features, e.g. gullies or
other related fastore like isclated strips of vegetatiom
in desert zomes, etec.;

- use of multispeciral imagery is only useful if the eigna-
ture of the various types of vegetation at different
seasong ie known and if several sets of images are avall-
able;

- there is insufficient ground truth readily available for
automatic processing, use of density slicers, etc.;

~ the worklead, if an additive viewer is used, camot be
handled by the project.

A case study has been made of Morocco applying visual interpretation of black
and white and false colour images {both at 1:1 000 000). From these images, a
physiographic map wae compiled. This map was then interpreted for soil degradation,
using additional cartegraphic information {vegetation, topography, soil and land use
maps). The map with the accompanying legend are reproduced in Annex V.

The main conclusions of the study are:

~ physiographic regions which are more or lsss homogeneous as
far as soil degradation is concerned, are easily distinguished
on black and white images;

- cultivated areas are not easy to distinguish if the field
boundaries are irregular, but degraded vegetation can be
recognized;

- elimatie zonation can be distinguished uweing false colour
images, because humidity of the soile and vegetation is clearly
sxpresged in the infrared;

- salt flats are easily distinguished but saline soils can be
confused with other high reflective soile, such as bare sand
or alluvial fane;

— degraded soila themselves carmot be distinguished and shoula

be inferred from other criteria.
— S— —




Paper CRITERTA FOR ASSESSING WIND EROSION 1/
by EsL. Skidmore

Wind erosion is a serious problem in many parts of the world. Hind erosion
physically removes from the field the most fertile portion of the soil and thereby
lowers productivity, pollutes the air, reduces ssedling surviwval and growth, fouls
machinery, and imperils animal and human health. Thie paper presents criteria for
ageessing wind erosion on a regional basis by firet asseceing wind erosion on a
field basis and then expanding to a regiom.

Solution of the wind erosion equation yields potential average asnnual soil
loss from = given agricultural field. fThe equation is expressed as E = £ (I, K, €,
L, V), where I is soil erodibility index; K is scil-ridge roughness factor; © is
a olimatic factor; and V is equivalent quantity of wvegetetive cover. Knowledpge of
goil properties, distribution and yield of major crops grown on each goil, leoecal
climate and dominant tillage and residue management practices of a region zllow an
astimate to be made of potential erosion from that region. Wwhere such detailed
information is unavailable, a less accurate but reasonable estimate of the wind
erosion hazard can be obtained. The product of an appropriate climatic factor
indicating the capacity of the wind to cause ercsion and drying,the influence of
local climate on surface aoil, and the g0il ercdibility index indicate the intensity
of the wind eroasion hazards.

Disgugsion

A question was raised on the erodibility factor: does one take sggregates
into account or only grain size? According to Skidmore both are important. The
percentage of clods and graine is determined by sieving an air dried semple.

Paper CURHENT AND POTENTIAL SALINITY OF 30ILS
by I. Ezaboles

Salinity can be caused by acid, neutral or alkaline water soluble salts. The
problem affects both soil and water. Salinity and alkalinity directly limit soil
fartility.

The total area of current salt affected soils in the world is estimated at
952 062 000 ha. Their distribution depends inter alia on climatological and hydro—
logical differences; salt affected soils and waters are common especially in gemi-
arid and arid zones. Some current salt affected soils can be used without reclamation
measures, others however need radical reclamation.

4 major part of the irrigated land risks becoming salt affected. More than
half of the existing irrigation systems of the world have been damaged by salinity,
alkalinity or waterlogging. Although the ISSEfUnascojFﬂﬂ Maps of Salt Affected Soils,
in their present state, delineate those areas which are potentially saline or alkaline,
it is difficult to estimate the total area. It can be stated, however, that this
arca is several times larger than the curremily affected area. Potential salinity

1/ Contribution from the Agricultural Research Service, USDA, in cooperation with
the Kansas Agricultural Experiment Station. Dept. of Agronomy Contribution
No. 1647-r« This paper is reproduced in full in Annex VI.



can be estimated from:

- climatic factors such as: tempersture, rainfall, humidity,
vapour pressure, evaporation and their dynamics:

- @eoclegical, geomorphological, geochemical, hydrological,
hydrogeological and hydrochemical factors;

- several so0il properties;
= agrotechnigques;
- irrigation practices.

Reliable predioction models can only be established if the following problams
are solwed:

= ldentification of main sources of water soluble galts:
= characterization of =alt regime;

= determination of the effect of irrigation on water and ealt
Teglnes.

Discussion

It wae stressed that the dymamice of ealinity should be studied not only in =2
vertical profile, but also the lateral movemente should be taken into consideration,
alweys keeping in mind the wvertical zoning of the aoil profile: topeeil, salt
accurulation (if any), unsaturated zome, saturated zone.

Paper & CRITERTL FOR ASSESSING CURRENT AND
POTENTTIAL WATERLOGOING — AN INTRODUCTION

by Ful. Masgoud

The paper stresses the beed for an accepted definition of waterlogging, since
the term itself does not apply to what degree and during what duration the goil is
wet. Also the water guality is wvery important. The anthor suggests the use of a2
watertable hydrograph or a similar concept to cuantify the degres of waierlogging;
the product of the height of the watertable (em) abowve a eritical lewvel and the
period of high watertable (days) is proposed as an index to express the degres of
waterlogging. As an alternative, the integrated moisture content above the
critical watertable depth in excess of that at field capacity over = given period
of time, is given.

For the particular purpose of this project, = more practical definition ig
proposed: "waterlogging is the state whereby the soil becomes saturated with
water within the depth of the active root zone for a periocd that affectis yield and
quality of economic cropse". Degrees of plant tolerance to waterlogging could be:

high = (~20% yield reduction
moderate = 20-40% yield reduction

sensitive = more than 40% yield reduction



The following criteria to assess waterlogging are indicated in the paper:
- landform, particularly flat areas with limited internal drainage;

-~ hydrological conditions, particularly water balance, with special
amphasis on inflowing water through seepage;

- 80il conditions, particularly permeability, and other factors like
high clay comtent, sodicity, low aggregate stability, stratifi-
cation, organic matter content and clay mineralogy, etc.;

- goil classification, e.g. Gleysole and gleyic subgroups;

— ¢limete, particularly intensity and dietribution of rainfall, and
potential evapotranspiration;

— management practices, since they can promote or prevent water-
logging;

= natural vegetation, particularly plant associations as they are
very good indicators.

Paper IRFLUENCES OF AGRICULTURAL PRACTICES ON SOIL DEGRADATIOR
by He Fauck

Three types of modification in soils can be distinguisned:
— longterm modification over a long (geologic) period: pedogenesis;
— changea within the year, these are cyclic changes mainly affected
by climatic factors (e.g. dry season - wet semson); organic
matter contemt, nitrogen content and pl are typical examples;
- fast changes Within a time period of about a decade, not related
to the annual cycle, bringing generally irreversible changes
leading to a lower production potential of the soil.
So0il degradation processes belong to the third type of soil modification.
Fer the purpose of the consultation, agricultural practices are grouped as:
— mechanical practices: ploughing, tillege, clearing, eto.;

- practices to change the hydrological seoil profile: irrigatiom,
drainage;

- methods of exploitation: rotatiome, ley-farming, fallows;

- practices that add ions to the soil: fertilization, mamuring,
uge of pegticides.

The first group influences especially the soil physical properties, after
accelerating oxydation. This may change the erodibility of soile.

The second group of practices often has a profound influence on soil depgrad-—
ation, particularly on waterlogging, salinization and alkalinization.



The third group hae a profound influence as well, especially on fertility, and
through this on other degradation processes.

The last group influences the basic saturation particularly; results may be
positive as well as negative ag far as goil degradation is concerned.

The degree of influence of these practices depends on the intensity of appli-
cation and on soil type: e.g. practices that pulverise the ptructure often increase
the erodibility, although tropical soils with more than 20% kaclinite seem to be
resigtant to erosion independent of the practices used. Ploughing methods that de
not turn the s0il often reduce the soll erodibility. In loamy eoile, these effects
ars merse proncunced than in clay solls.

Bffects caused by methods of exploitetion are well documented, e.g. erosion
hazards due to certain types of row cropping, the congervative effects of strip—
cropping, and the negative effects of overgrasing., Therefors when plamning agri-
cultural practices, the following factors should be taken into accouwnt:

erosivity;
= erodibility;
- waterbalance and its yearly evolution:

- pedogenesis (extrapolated in the future) i.e. the normal
tendency to acidification, and depletion of organic matter;

= mnatural fertility, especially the nutrient reserwves in the
profile.

Irreversible degradation is not unavoidable. It is usually poseible to find
agricultural practices adapted to the soil and ite enviromment which not only conserwve

but also improve. Today's technical kmowledge is considarable, ewven in tropical
countries.

Faper 10 CULTURAL AND CONSERVATION PRACTICES
AS FACTORS FOR DEGRADATION ASSESSMENT

by G« Charrean

Major cultural practices are:

= 80il tillage and peedbed preparation;
= managemant of harvest residues;

- density of planting;

- fertilization;

- waeding;

- control of pests and diseases;

- combination of crops

in time : rotetions
in epace: mixed cropping.



Floughing serves & number of purposes:

to improve soil physical propertiess in order to achieve a better
rooting pattern;

- to eliminate harvest residues by incorporating them in the =so0il;
= to improve weed control;
- to prepare the sesdbed.

In semi-arid Weet Africa it has been ghown that deep soil tillage has many
beneficial effecis, particularly on the secils that have a sandy to coarse loamy
surface texture. Furthermore, since tillagze improves porosity and soil structure,
in these soils a better rooting pattern and hence a better uptake of water and
mutrients is achieved. Owver 300 experiments in French gpesking "™Saghelian" countries
in West Africa show that, in 90% of the cases, deep ploughing of the soil results in
increased grain yields ranging from 109 to more than 100%. The advantages of
ploughing at the end of the rainy season are i.a. conservaiion of meisture in the
g0il profile and good resistance to wind eroeion (cf: emergency tillage). If
organic matter is incorporated in the soil, the effects last longer.

Since tillage effecsts the water balance in the scil through improvement of:
- water infiltration in the soil;

- water uptake of plants;

— water conservation in the profile during the dry season;

it can be conpidered as one of the most effective ways to reduce the harmful effects
of drought in the Sahelian countries.

The influence of ploughing on run-off and water erosion does not follow
gtandard rules, because the total effect depends alesc on topography, soil-physical
properties, the way ploughing is carried out, and the time elapsed between ploughing
and the onset of the firet heavy rains. In semi-arid itrcpical countries, on gentle
glopes, erocsion is sometimes reduced by ploughing because of:

= an increase in soil purface roughness, and thus a decrease of run—off
yelogity (Manning's n);

- a pogsible decrease in detachabilitiy of the amoil;

- an increase in the protection provided by the wvegetation (on cultivated
lands) (reduction of Wischmeier's C-factor).

Therefore the statement that ploughing automatically increases scil erosion is false.
In some cages it must be compidered a conservation practice.

Theoretically the use of mulches as an erosion control toel is very interesting
although little effect has been cobserwved on soils ranging from sandy to clay loam.
From the practical and economiec point of wview the use of mulches in the semi-arid
tropical countries has littls promise, because:

- much less vegetative matter is produced than in humid areas;

~ ptraw and tope are used as cattle fodder or for domestic use (fusl});

= termite activity greatly increases if etraw is present, thus causing
a rapid breakdown.

The lagt part of the presentation was devoted to watershed conservation.



Faper 11 TAND USK AID 50IL DEGHADATION

oy H. Hoose

The Ivory Coasgt Las a big programme for the development of indusirial plantations
and mechanized apriculture. 3Soil degradation research is an important component of
this programne.

dmphaeize has baen given to:

= coneervasion of =oil fertility by using adequate cropplng gystemne;

— evaluation of chemic¢al and physical properties alter clearing and
mochanical enltivations

~ resaarch on factors governing soil erosion, and on s0il conservation
methaods;

= loss of fertilizers and colloids by surface and subsurface run—off
and leachings.

QRS10M and GERTAT kawve studied soil ecrosion in Weet Africa and Madagascar for
over 20 years, using run—off plots. The following particular problems hawve been
gtudied:

-~ rlertilization;

- influence of goil cultivation on root systems and plant production;

I

use of variouns kinds of grazed fallow;

use of crop residues.
Some of the resultis show that:

- deep ploughing gives the best yisld generally, bul in some caces
on ferralitic soils, zero or minimum tillage combined with mulching
can be used economically, but weed and pest control becone more
difficult;

- pongidering grase fellow, the best phyeical and chenical effects
are obtained afer two years of fertiliced graminse or adapted
legumas;

- although a r=pid decrease is normel in physical ana chemical pro-
perties of 2 soil after clearirg, this trend can be stopped and
often reversed by good nanagement and a proper Tfarming system;

— 1lesaching of fertilizers is a prowulem mainly or ferralitic goils
but not a0 muck on {erruginous soils of the dry tropical area;
the main elements lost are ¥, K, Mg and Caj

— intenpive use of acid fertilizerc leads to rapid acldification of
s01l=g

- wWater erocion hazards in the tropics are very greal, particularly
pecause of a high rainfall aggressivity; conservallon neasures
phould aim at establishing a good vegetative cover; 1lerrace systoms
are not adapted tc the economic, social and elimatic conditions of
the tropins;

- goil erodibility is not a stable oroperty, but changes with tine.



In conclusion, three gquestione wers posed:

1} What detzil can be mapped om =& 1:5 000 000 map, particularly
if one congiders that in the field enormous differences can
oocour over okly 50 m distance?

2) How can the hazard of leaching of fertilizers and soil
structure destruction be indicated?

3) How can the dominant form of erosion {linear vs. non linear)
be digtinguished?

Paper 12 ROLE OF INCRCANIC FERTILIZERS IN
THE CHEMICAL DECRADATION OF FIGERIAN SAVANKA SOILS
by Usze Mokwunye

Savamna Soils are inherently low in natural fertility. Under traditional
farming gystems, the bush fallow periocd restores the natural fertility, but where
continuous cropping is practised inorganic fertiliszers are indiepensable.

Chemiecal fertilizers however lead to a decline in soil pH and the subsequent
loss of bagic cations. In order to overcome this problem the following measures
are puggested:

- recycling of mineral nutrients in the nob—economic portions of
the plant through appropriate residue management practices;

- formulation of new complete fertilizer recommendations.
Diggupseion

Opinions were divided on the use of mulches and zerc tillage techniques vs.
ploughing. Both opiniona were supported by experimental data. However the desir—
ability of maintaining organic lewels in the ecil was generally recogniszed.

In reply to the questions posed by Mr. Hooee, it was stated that:

- a map at a scale of 1:5 000 000 can only be a very generalized
map. At such a scale the smallest mappable area is represernted
by 0.25 cm® on the map or ca 625 k® in reality. Insufficient
data exist to warrant a global assessment at a larger scale;
therefore only those soil degradation processes that can be
generalized at guch a2 scale can be mapped.

~ singe some soils are more sensitive to leaching and soil
siructure deterioration, these hazards can be ghown on the
envisaged map.

— in aress where one form of eropion is clearly dominant over
the others, they can be mapped as such; in many areas however,
a distinction between linear and non-linear erogion carmot he
made, and agaociatlons hawve to be mapped.

The importance of pound fertilizer recommendationg was fully recognizec. Sone
of the participante were of the opinion that special types of fertilizers need to be
developed for acid ftropical socils. The high phosphorue fixing capacity of some of
these s0lls was pointed out as well. In some cases a high initisl dose of phosphorus
provides some solution.



Va COUNTRY REPORTS

Paper 1 ASSESSMENT OF LAND DEGRADATION IN
AGRICULTURAL AND PASTORAL AREAS IN AUSTRALIA
(1975=1976) 1/

by H.W. Pauli

Land degradation has been assesged in Australia. The resulte will be
published in 14 reports in 1977.

In this study, land degradation was assessed in terms of ireatment measures,
since this way information is directly awailable on preventive and reclamation
measures, and the resulte are directly cuantifisble in terms of resource input, which
coneequently can be converted to a monetary basie.

The asgessment was carried out separately for the arid and non—arid sones of
dugtralia. In both zemes 1t was carried out in the following four stage sequonce:

- delineatiom and description of land zoneg and "types of country™
and description of the land degradation within them;

= determination of treatment messures required to control the
described degradation;

- quantification of the costs involwed in the treatment
measures;

- rating of the wurgency of applying the treatment measures.

In addition, an attempt was made to assess the land degradation treatment
requirenents which could be expacted to result from likely future land use changes
caused by soclo—economic forces. Therefore the influence of mewveral environmental
Tactors on degradation hazards was alsc evaluated.

Digcussion

The coupling between land degradation and troatment measures wess appreciated
by many of the participants, who favoured such an approach also for the World Assess—
ment, particularly since this facilitates land evalustlon exercises. It was repeated
that at a scale of 1:5 Q00 000 such a coupling, however desirable in iteelf, im not
feasible and furthermore that the amount of data available for the Australian study
iz not representative for other large parts of the World. But if the global assesa-
ment is to be followed-up by national or regional inventories, an approach such as
the Augtralian is certainly worthwhile.

The Augtralian delegate expreseed his willingness {0 suamarize the Australian
study in conformity with the guidelines for the global assessment.

1/ This paper is reproduced in full in Annex VIIL.



Paper 14 EVALUATION OF 50IL =EROSION
AND DEGRADATION IN TIE AIAR COUNTRIZS

by KeHs Gaddagz

The arid climate, commen in mest Arab countries, is conducive to soil erocien
and other forms of degradation. Human and animsl pressure led to the expansion of
agriculture to marginal lands, while irrigation often caused secondary salinization.
Animal husbandry has been ousted by increasing cultivation to small surtaces which
guf fer serious overgrazing and it extends into the forests as well.

Very few gpacific studies hawve been carried out, consequently =oil degracation
must be astimated from soll mapa. Since mapplhg avstoms no well as soll condizions
vary from cowrtry to country, it is difficult to make the necessary correlations at
a regional ccale.

The Arab Center for the Studiee of Arid Zones and Dry Lands {ACS&D) has
gtarted to prepare a Map of Soils and Seoil Precuctivity at a vesle of 1:1 200 D00,
In this project, eewveral soil correlators, assisted by a econsultatiwve group of which
FAQ is a member, will coordinate the regional studics. Remote sensing will Te one
of the tools used.

The Pasture Section of the Center carries out research in orcer to find palat-—
able, drought resistant plant species that aiso have sand Fixing propertiee and will
withstand erosion. In addition the Genter has sewveral local projects in wvarious Arak
countries; for instance, there is a study on drainsge improvement and desalinization
in the Tuphratus walley. Ancther example is in the Lattaquieh coasial strip on marl
hillg with an annual rainfall of about 300 mm, where wator erosion is being studicd.
“hie type of erosion is particularly active in mountainous areas with steep slope:
and on marl hills. Seriocusly affected areas can be found in the Hif Mountaine of
Moreceo, Central and South Tunisia, the Gharisne and Jebel Akhudhar region in Libya;
the coactal marl hille in Lebanon and Syria, the nortiern part of Irzg close to the
Turkisgh border and the regions around the Hubs mountains, Ingessana ana Jsbel Harra
in the Sudan.

Wind erosleon is rife on asandy s0ils under pronouniced arid conditions and in
of'ten triggered off by cwergraszing and other forms of bad land use. It coours all
around the Sahars, even on lands with tree crope and many coastal areas guffer from
this kind of degradation. Another area vulnerable to wind erosion is arocund watering
pointa.

Salinigzetion and rising of ihe watertable is another form of degradstion of
the arid gones. Salinization is accentusted when irripgation water is saline, =01l
tevture fine and drainage poor. Detailed soll maps serwve to locate salinirstion
and areas sgusceptible to waterlogging. Serious salt and waterlogging problems arc
found in Mesopotamia, the BEuphratus valley (especially in the gypsiferous crust areas),
the Hedjerdah valley and Kairouan plain as well as the southern part of Tunisia, the
oases and the irrigated plainas of Africa, the ¥ile wvalley ané its Delta in EZgypt, near
Wad Medani in the Sudan (although not serious yet); the Arabian Peninsula, the Jorian
Valley in Jordan, and on several alluvial plsing in Somalia.



Faper 15 S0OIL DEGRADATION IN THE REFUBLIC OF ARCENTINA
bﬁ" J+Cw Mugto

Beonomically, agriculture is the mosi important enterprise in Argentina, thue
conservation and ways to increase production are of permanent significance. In ordsr
to earn foreign exchange through export of agriculiuwral products, new lands are
cont inuously opened up for agriculture. Because of this expasnsion, areas of land at
beat marginally suitable for sgriculture have been put under cultivation. Since
managemnent practices are not always adequate for the soile, seriocus goil degradation
probleme occour and the use of seoils, of which the suitability ie unkmown, nas also
created soil degradation problems, from soil erosion to depertification.

Argentina can be divided into three major agro-acological szones, based on
differences in the moisture regims:

— humid zone
- semi-arid zons
- arlid zone

In the hunid zone, sufficient water is available to cover the needs of agri-
culture. This zone compriges ca 245 of the country and large parts of it are affected
by water erosion and temporary watei.ogging. In 1957, it was estimated that
18 300 000 ha or 13% of the total cultivated area in the country was effected by
water erogion to which luvie Phasozems are particularly susceptible; severe yield
reductions occur on these soils once they are eroded. Pellic Vertisols also suffer
greatly from water erosiom. Alluvis’ seils in the hunid zone are badly affected by
flooding and waterlogging, which halts production for prolonged periods. Also
sedimentation may cause considerable damags.

The semi-arid region covers ca 15% of continenial Argentina. Here wind erosion
is a major constraint. BSoils formed in asclean deposiis are particularly susceptible
to wind erosion. In 1957, it was estimated that ca 16 000 000 ha were affected by
such ercsion. The areas affected are now being noticeably reduced through proper
panagemsnt and land use planning.

sbout £1% of the national territory or 171 000 GO0 he fall in the arid zone.
Grazing is the major agricultural activity, although along some of the rivers
cultivated lands are found, often supported by irrigation.

Wind erogion and galiniszation are the dominant soill degradation processes in
the arid sone and the former is often triggered by overgrazing and degradation of
tne vegetative cover. Although the crop produciion area is relatively smsll in the
arid gone, economically it is very important because of the high-value crops that are
rultivated. Excessive irrigstion ard inadequate drainage systems have caused the
watertable to rise, resulting in salinization and alkalinization, especially in low
lying araas.

ince the importance of soil degradation is appreciated in Argentina, many
sotivities in the fisld of conservation as well as research into the causes of so0il
degradation are underway.

A map at a scale of 1:5 000 000 sghowing actual soil degradstiion in Argertina
was added to the paper.



Paper 15 EXPERIENCE OF DATA COLLECTION
FOR ASSESSMERT OF S0IL DIGRADATION IN EAST AFRIGAL

by L.J. Kowal

In order to collect data for the Global Assessment of 5oil Degradation, four
consultants were sent t¢ Latin America, West Africa, Zast Africa and Near Eeot Count-
ries. They were to make personal contacts with national research institutions,
gowvernnent organizations and individual research and field workers, in order to
collecl existing information and to esecure cooperation for further estages of the
project. The reporting congultant visited Botswana, Zombia, Tanzania, Kenya, Soonalia
and Budan. In all countries he Tound omch interest in the project and a willingness
to cooperate, also that a deep appreciation of the dangers of soil degradation exists
among the technical people. In spite of thig, there are hardly any records on rates
of soil degradation, neither are szimiif'icant parameters systematically monitorec. Tha
few existing reports are uncormected and mainly degeriptive. Thus data on rainfall
intensity, wind wvelocity and wind direction are either unavailable or entirely lacking
in Eaest Africa.

Papar 17 SOIL DEGRADATION ASSESSMEIT IX HUNGARY
by I. Szabolae

Hungery is 2 small densely populated country and in consequence T4 of the
land must be used for agriculture; no virgin land remainsg.

S0il degradation assessment and monitoring are facilitated by the existence
of large government farms with centralized decisioh-malking.

Faps of s0il erosion and s0il salinity covering tho whole country have been
made and they are based on the genetical principles of scil science.

Paper 18 S0IL DEGRADATION IN INDIA

Wy Y.P. Bali
JeDe Eanwar

"0 reports were présented on India, one by Y.P. Bali and the other by
J.35+ Kanwar. The following abstract is based on both reporis.

Out of the total 328 million ha of India, 9U millicn ha suffer from water
erogion, 50 millien ha from wind srosion, 7 million ha are affected by salinity ana
aglialinity and 20 million ha suffer from flooding, thus a total of 157 millien ha
{51%) suffer from soil degradalion. Noreover another 20 million ha in the caral
irrigated areas run the rigk of becoming degraded.

Wiater erosion threatens existing irrigation werk throush siltation, thus
reducing the effective lifetime of reservoirs. Hetinations put the loss of plant
nutrients at 5.37 million tons of NFK annually becauge of erosion.

50il degradation assessment in Tncia is mainly qualitative and only in a Tew
cages are full quantitative data available. & large variety of assessment technigues
iz used, ranging from gmall ploi meapurements to remote sensing.



Since irrigation resources are severely threatemed by siltation, ICRISAT
developed a system of small-watershed management, in which run-off water is guided
through well protected waterways and stored in small reservoirs, to be used for
supplementary irrigetion.

flind ercosion is caused by destruction of vegetative cover and overgrazing.
Extensive tracts of land are threatened with burial by wind blown sand. Crop damage
by the abrasive action of sand-loaded wind and burying is extensive. It hzs been
estimated by some that the Rajasthan desert has been expanding at a rate of half-a-
mile a year for the last 50 yesrs, but this has not been proved yet.

The coastal areas of Kerala and Tamilnadu, Andhra Pradesh and Orisea are being
affected by marine erosion. Along the ¥erala coast, the sea is encroaching at a rate
of 2=5 metres/year and this erosion is primarily due to improper land use, although
geological chanpes play a part as well.

Salinization and alkalinization are alsc caused by poor management, particularly
of faulty irrigation systems.

Paper 19 SOIL DECGRADATION IN SENEGAL -
ACTUAL SITUATION AND PERSFECTIVE

This paper describes the physical environment of Semegal, i.e. climate and
soils, and the particular forms of soil degradation oceceurring in this cowrry: wind
eroaion, water erosion, galinization, waterlogging and chemical and physical soil
depradat lon.

According to this review, there is reason 10 be pessinistic since sll Torms
of soil degradation occur in Senegal and unleps conseryetlon measures are urgently
introduced, =0il degradation will have a catastrophic impact on the national agri-
cultural capability. Degradation phenomena occur in all parts of the country, the
dominant process changing from zone to zone. A symthetic map was added to tkhe paper.
Uptimistically though, agriculture can be intensified, leading to higher production
while at the same time conserving the capital soil, if well-balanced farming systens,
that ftake the whole of production technicgues as well as conservation technigues into
account, are introduced.

Paper 20 NOTES ON 50IL DEGRADATION, ITS ASSESSMENT
AND RZCLAMATION AT SELECTED SITES IN TURKEY, SPATH AND KENYA

by T. de Meester
Specific Torms of soil depgrsdation, ite assespgment and peoseibilities for ite
reclamation are desoribed for three gelected project areas:
— arid, cemtral Turkey (with Calcic Xerosols);

- Hediterranean southern Spain (two aress with Chromic Luvisols
and Chromic Vertisols);

—~ humid tropical south-west Kenya (with Humic and Dystric Nitosols).



S0il salinization and sodication (alkalinization) and soil structure degradation
are discussed for an extensively cultivated plain (Turkey). Soil erosion, compaction
and surface sealing are discussed for undulating and hilly cultivated areas in diffe-
rent physical and socic—economic environments (Spain and Kenya) .

BEmphasis iz on assessment by both field and laboratory gtudies, which concentrate
on the estimation of aggregate stability as a major index for soil erodibilitiy. Results
are cualitative, unless backed by long—term measuremente on reinfall, run—off and soil
loss.

Recommendations for reclamation and conservation are often technically feasible,
bt possibilities and effectivenceses of obvious measures such as a change in land use
and management practices and/or the construction of terraces may be limited by land
terure, farm economics and social factors.

Paper 21 S0IL DECRADATION ASSESSMINNT IN THE USA
by Gelle Fogter

Hany agencies in the US4 are concerned with natural resources survey. The 3Boil
Congervation Service ig the mogt important one == far as solls are concernad. Soil
degradation assessments have been carried out in the past and the last updating took
place in 1975. Beveral researchers work on quantitative evaluation of soil degradation
hazards, often expressed in monetary terms (crop demage ) .

L land uge purvey has started that will be published on 1:250 000 scale sheets.
Discussign
There was geheral discussion on the papers presented in this section.

He Tomlinson of Canada reported that z soil degradation inventory nazs been
completed in Canads.

0. Azevedo of Portugal called attention to the infringement of urban agglome-—
rations on apricultural lands. e plead for the establishment of a working group on
501l congervation for the Mediterranean countries.

V. Egorov and N. Minashina of the USSE briefly introduced the genetic soil
degradation classification system in use in the USSR and illustratsd it with an
example of galinity clagpification.



VI. KAYF LEGERD

4 Se0il Degradation Map legend was proposed in the Background Document {cee
Annex III]. Messre. Higquier, Pécrot and Arnoldus explained how the propased legend
would tie in with the legend of the Soil Kap of the World: e.g. 30il Map of the
World Mapping wnit Lel7 is compoged of

- Dominent soil: Chromic Luvisol (Lc)
- Aesociated so0il: Caleic Kastanozem {Kk)
— First inclusion: fleyic Luvisol (Lg)
- Second inclusiom: Calcaric Regosol {Ro)

Le represerts the dominart goil of the asgociation and number 37 refers to the
conpositiion of the agsociation.

After analysing the degradation procesgses occcurring on =21l sells in the
asgociation at a specific recurrence of that mapping unit, the following (hypothetical)
result is obtained:

= Leo: moderate sheet erosiom: En, medium

= Kk: glight wind erosion {deflation): Ww, slight or nil
- Lp; s=lipght excess of water, waterlogging: Lg, slight or nil
- HRe: strong wind erosion (depositiion): Hd, high

Since Bn is the process ocourring on the dominant soil, the seil degradation ssso-
giation will be called En. As for the acil asgsociations, a number refers to the
composition of the asgociation of degradation processes. The list with all degradation
associstions with En dominant is checked and it ip found that all 26 En assoclallons
nave a different composition to that just found. Consecuently this particular
composition is called En27. En?7 is the synbol occurring om the finsl map. The text
acconpanying the map vcontains a table on which can be Tound:

Agnociated process Inciuded processes
Mapping Tnit Dominent process af fecting 205 of affecting 5=204
the mapping unit of the mapping wnit
BT En W LpRe

The colour of the unit on the map (orange) will indicate thal the dominant
process (Zn) has 2 mediun intensity. Comparison with the soil map tells that s0il map
urit Le37 has the composition indicated abowe (Lo Eky  Lp; Rc], thug for each of
the eoils in the asgocistion the degradation process can be matched, but the intensity,
given as a colour symwol, applies only te the dominant process, i.e. the process on the
dominant soil.

Nimgugeion

‘fme participsnts agreed with the proposed legend but fell thet no final judge—
ment could bte made wrtil it had beern tried out morc extensively.



ANNEX_T

ACGENDA

Tuepday 18 January 1977

— Opening of the Expert Comsultation

; Adoption of the Agenda

= Background of the World Assessment of Soil Degradation
— Asgessment of Water RBrosion

- Application of Landsat Imagery to the Aggesgment of Soil Degradation

Wednegday 19 January 1977

= OGriteria to Apsess Wind Irosicn
- Current and Potential Salinity of Soile
- OCriteria 1o Assess Current and Potential Waterlogging

= Influence of Land Use on Soil Degradation

Thureday 20 January 1977

- Country Heporte

= Legend for a Seil Degradation Map
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ANNEX TIII
part 1.

BACKEROUNT DOCTMENT
FOR THE
FAQ/UNEP WXPERT CONSULTATION ON THE PROJECT:
WORLD ASSESSMENT CF SOIL DEGRADATION — PHASE I

INTROTUCTICN

Az an immediate respult of the United Nationz Conference on the Human Envirorn—
ment held in Stockholm in 1972, FAQ and UNEP held an Expert Congultation on Soil
Degradation, in Rome from 10-14 July 1974. lf This Expert Consultation adopted the
following recommendations:

1« liecognizing land as an esszential and limited resource and considering the
adverse effect of different forms of e0ll degradation on future food supplies
of the world, the Fanel recommended that the BSecretary General of UKEP and
the Director-General of FAD be requested to give highest priority to soil
coneservatlon measures which are urgently required to ensure the supply of an
adeguate diet for increasing populations.

More aspecifically, on the basis of iie technical deliberations, the Panel
recommended:

2 That a global assessment be made of actual and potential eoil degraacation in
collaberation with Unesco, WMO and ISS55. This assesement should be based on
the compilation of existing datas and on the interpretation of enviroomental
facters influencing the extent and intensity of s0ll degradation such ss
climete, wvepetation, soil characteristics, =s0il management, topography and
type of land utilization: the results of this assasement should be compiled
a8 & World Map of Seil Degradsiion.

3. That regearch be conducted on a methodoclogy and criteria o mezsure and
monitor eoll degradation so that the data obtained are comparable for
different arese and can be used fto make predictions and extrapolationg in
areas Whers dirsct messurements cannot be made.

e That a uwniform procedure be szat up for analysing, reporting and interpretfing
data with a view to providing a wnifoerm system of description and classilica-
tion of actual and potential seil degradation.

Ba Thet guidelines be preparsd Tor comprehensive data collection, processing
and retrieval in & form usable for mathematical simulation modelling,
computer mapping and computer dais handling.

Ga That investigations be promoted on asrial photograph interpretstion and the
application of other remote gensing technigques for the purpose of ideniiTiying,
delineating and monitoring soil degradation and soil degradation hazards.

lf For a report of this meeting gee "4 World Aesessment of Soil Degradation,
an international programme of soll coneervation, IFAC EH}F3951.



That active cooperation be prometed between meteorclogists, hydrolegiets and
50il scientists for dewveloping and refining meleorcloglcal dats, sueh as
water balance, rainfall intensity, wind veleccity, air and soil temperatures,
which are important factore in the determination of soil depradation hazards
in different ecological zones.

That land eveluation activities Le undertaken ez 2 basis for soll conservation
measures, B¢ that depgradation hazerds can be avoided in the early stapo of
development Uy the selection of the most appropriate forms of land ume.

It was alsc recommended to UHEP and FAO that an action programme be started.

As a result of these recommendations FAQ, YNEP and Unesco gtartec = project:

lorld Assesement of Joil Degradation — FPhase I, with the following objectiven:

i. to initiate = global assessment of actual and potential
80il degradation based on the compilation of existing
data and tke interpretation of environmental Faciors
which influence the extent and intensity of soil degrad-
aticnj

iia 1o develop a methodology and select uweiform criteria to
measure and monitor soil degradation;

iii. 1o prepare guidelines for comprehensiwve data collection,
processing and retrieval in o form usable for mathematical
simalatich medelling and compuler handling;

iv. t¢ promote investigations on the utilization of remote
sensing techniques for the purpose of identifying,
mapping and monitoring actual and potential soil degrad-
ationg

Ve to initiate studies for develeopine and refining meteoro-
logical data which determine climatic aggressivity and
80il degradation hazards in different ecological zones.

Some guidelines were given in the project document for reaching these

bijectives:

"A first approximation of the identification of areas of potential degradation
hazard for soil erosion by Wind and water and for salinity-alkaliniiy will be

mage starting with one area (Africa north of the Equator and the Middle Bast)

as a test case.

"This identification, which will be presented as z map of soil degradation at
1:5 000 COU seale, is to be performed by FAO joinmtly with Unesco, and with
the cooperation of WMO and the I555, by using information existing in the
archives of the Flﬂftnescﬂ Soil Map of the World and by incorporating the
1555/Unesco world Map of Salt Affected Soils. 1In view of the wvolune of data
to be handled, it is considercd a necessity to develop a computerized system
of data filing, processing, digitizing and retrieva: based on the mapping
unite of the Fal/Unesco Soil Map of the World and compatible with the cxperi-
mental computer programme for digitising the Soil Map of the World.

"Meteorological criteria are considered essential in any esssessment of potential
hazards of s0il degradation and have been used by some nations as a means of
apsessing the inteneity of some forms of actual degradation. Consequently,
studies are to be initiated to develop and refine local and regional meteoro-
logical information for application in evaluating soil degradation. These
activities are to be conducted by interagency cooperation between FAC and O
with the assistance of expert consultants and in collaboration with cooperating
national governments.



"in view of the development of new technoleogies in remote sensing, studiss are
to be initiated at FAC to determine the applicability of wvarious remcteo sensing
techniquea, especially satellite imagery, for identification and moniteoring of
one or more forme of actual soil degradation and/or areas of potential soil
degradation hazard, or to determine the possivility of utilizing these
techniques for identifying criteria that can assigt in the delinsation of
affected or potentially affected soill degradation areas.

"Field truth studies are to be made in collaboration with currert field
mrojects and cooperating governments. 4 close cooperation will be maintained
with the Global Environmental Monitoring Systes (GEMS) for the selection of
areas, the types of soil degradation to be monitored and the criteria for
monltering soll degradation.

"[he abowve activities will require the assistance of high level congultants
ani the organization of ad hog expert consultetions on specific problams."

24 PHILOSOPHY OF THE FROJECT

Jisgcussions within FAO and with visiting scientiets led to a philosophical
vackground of the Froject that can be roughly summarized ag follows:

50il degradation is a result of one or more procosses which lessen ths
gurrent and/or potential capability of soil to produce (quantitatively
and/or rualitatively) gools or servicas.

Although the establishment of an assessment methodology and the mapping
of eoil degradation are two separate undertakings, the assgessment metho—
dolomy should be regtricted to those processses whose repults sre mapable
at the envisaged seale (1:5 000 C0G).

The methodology establighed should lenc itselfl to refinements ensbling
mapplng al larger scales.

The classes used in the current degradation aesessment shoulcd be basec {irstly
on the intensity of the zsctive processes and not on the results of these processes
on the deecrease of s0il productivity. "The results of degradation processes are one
of the eriteria which are considered in land suitability evaluation and more parti-
cularly in the project on "Frosent and Potential Land Use by Apro-iicological Zones''.
Thig project iz another main activity in progrese in Lhe Land and Water Developnent
Divipion, and is closely coordinated with the "So0il Degradation" Frojsct.

The potential soil degradetion eveluation will indicate the maximum natural
vulnerability to seil degradation, assuming that the soil 1s not protected zgaingst
the depgradation processes, e.g. in the case of soil erosion, it is assumed that
there is no vegetation and no protective mansgement practicec.

3. MAIN AREFAS OF CURRENT ACTIVITIES OF THE PROJEGT

The project started in November 1975 when a Project Coordinator was appointed.
In January 19?5, a 'echniecal Officer, 5So0il Conservaiion, was added to the staff. 'lhe
main activities and resulte obtained wntil now are the following:

1. A verpal noie was sent by the Director-Gsneral of FAU to the member
governments reguesting them 4o desighate a focal point (ingtitution or
individual) which would be our contzci for collection asnd compilation of
bagic information or goil degradation in the respective countries. Until
now we have received many replies showing government interest in this project.
More specifically it iz hoped that the correspondonts will provide the project
with the necessary data and will assist in the elaboration of the map, according
t¢ a uniform legend, in the improvement of the successive dralfis and with
getting approval of the final So1l Degradation Map in their respective countries.



Four FAO consuliants are now visiling a number of selected couniries to celiect
the existing information, meteorological data, maps of wvegetation, geomorpholozy,
geology and particularly maps of eroceion already published. Suchk information
has slready been received from a nunver of courtries and is being compiled.

Keeping in mind that finalization of the methodology for the assessment of
actual and potential soil degradation is the objective of this meeting, the
project activities in FAO Headquarters have concentrated on three main agpects:

g. Investigations on the wtilization of remote seneing technigues. &
systematic study of Landsat imagery has been started on North Africa.
A complete set of Land=at I imagery for Africa north of {he Zguator ai
1:1 OG0 GOG on four spectral bands is available in FAO. An almost complete
set at 1:1 000 OO0 secale in false colours (Landsat II) on West Africa is
alse available.

4 firet attempt at using them was made on Morocco. The preliminary
conclusions are that present soil degradation cannot be seen directly on
this imagery but information on some main criteria which allow the
assessment of soil degradation can be drawn from the images and particu-
larly from landsat II. The principal use of these images is to delineate
aceurately s physiographic unit or land system which is sufficiently
homogeneous with rogard to relief, climate, wvepetation, soil and land use.
The pssessment of degradstion will be based practically on nowm-numerical
criteria grouped per classes: clasees of slopes, type of soil, types of
vegetation, etc. The classification of these criteria needs to be
standardized at world ecale.

b. Collection and compilation of meteorological data which determine climatic
aggressivity.

It was clear that the R factor in Wischmeler's equation is not calculable
for most of the countries because of the lack of data, and not easily
caleulable even when data are available. It was decided to use the modified
Fournier's index. The new index is

12 pi2
; R

where pi is the monthly precipitation. The index shows a wery good
correlation with the R wvalues calculated according to Wischmeisr, but the
equations of regression obtained are different by broad climatic areas.

[*n

c. General outline of a methodology and selection of uniform criteria to
agsess and monitor soil degradation.

The work done was concentrated on soil erodibility by water. It wag
assuned that the use of the soil erodibility nomograph (Wischmeier et al.,
1971) will give results with an acceptable accuracy. Frickson {19?35 gives
a nomograph that enables the estimation of the percentage of wvery fine
sand. This nomograph has been added as a subroutine to the computeriszed
s0il erodibility nomographs of Wischmeier, and a large number of soils
for which the erodibility could be calculated have been tested by this
computer programme. The differences in "real" erodibility and approximats
erodibility twrned out to be acceptable. However, it appears that for
many so0ils, of which descriptions are awvailable in FAQ, the pertinent
surface textural classes are not given and often the soils for which the
erodibility can be calculated cannot be considered a representative
sample.



4.

FHROPOSED METHODOLOGY FOR THE COMPILATION OF THE DEGRADATION SOIL MAP AT
1:5 000 000 SCALE

The methodology should be simple and make use of the existing methods of soil

degradation assessment as applicable. It should also incorporate most of the data
ayailable. Other methods may have to be developed as required for assessing seil
degradation in broad ecological areas.

Principal methods

1.

3.

Direct use of the existing maps: map of erosion, topographic map, map of
salt affected soile. The International Soclety of Soil Science recently
decided that the ISSS Map on Salt Affected Seoils would be incorporated into
the soil degradation map to be compiled by the FAQ/UNEP project.

Interpretation of existing climate, geology, geomorpholegy, soil, topography,
vegetation, land use maps, etc. Such interpretation and compilation of
existing data will rely a great deal on the interpreter's judgement and his
practical experience with specific environmente. Basic knowledge of the
different factors of soil degradation and their interactions is also necessary.
A rating of such factors according to their respective '"weight" in determining
the intensity of soil degradation may have to be considered.

Utilization of satellite imagery (see above).

Utilization of existing medels to calculate the erosion in watersheds.
Unfortunately the data are often lacking for calculating the coefficients

of the eguation or the coefficients are established for particular watersheds
and are based on meagurable data. They are therefore not easily exirapclated
to other watersheds. Also, the assessment by watershed is often difficult

or impossible to generalize to one geomorphological area.

Field surveys of actual degradation. Quantitative data are supplied by a
number of measurements of river sediment load and erosion on experimental
plots. Field checks and rapid rccomnaissance surveys could be carried out in
certain areas by FAO field experts and country correspondents to the project

to provide missing data. Such individual assessments may, however, be somewhat
subjective with regard to the intensity of soil degradstion and the extent of
areas affected and should be complemented, whenever possible, by interpretation
of aerial photos.

The posgibilities of graphical representation of phenomena on a map at
115 GO0 000 scale should also be taken into account. The legend below
iz proposed for discussion by the meeting:



Legend of the map at 1:5 0UU 00 scale

Procegses of degradation

W

Intensity of dominant actual process

erosion by water

erosion by wind

excess of water

excess of salt

lose of chemical fertility

physical degradation

1.

2.

3

slight or nil

high e

gheet and rill erceion
gully erosion

movements of maegs landslides

dominant deflation

dominant accunulation

shallow groundwater

recurrent flood

salinization

alkalinization

loss of organic matter and humus

loes of nutritive elements and
acidification

toxicity
sealing of surface, compacity in depth

induration of certain horigzons in depth



Symbolization of each cartographical unit
ig. Eri2

Er : process of degradation as above (Er = water erosion with formation of gullies;
gully erosion

12

numbers which refer to the descriptive legend at the back of the map

Eri2 = Er3 + Fuz + ij

Era: water erosion in gullies with high intensity (3); dominant in the mapping
unit; is often the process affecting the dominant soil of the soil
assocliation

P°E= loss of organic mattier of associated soils therefore processes affecting
at least 20% of the mapping unit with a medium intemsity (2)

Lf3= frequently flooded zone (intensity 3) but affecting only 5 to 20% of the
mapping unit and often limited to inclusions in the soil association such
as Fluvisols '

ITEMS FOR DISCUSSION

The actual degradation can be mapped directly in the field, but it should
also be estimated from specific criteria to fill up the gaps in the field surveys.
Assessment of the poteniial degradation can be based on the same criteria.

In the selection of criteria, data which are representative of large areas
should be selected, keeping in mind that such criteria will be used for the
compilation of & map at 1:5 000 000 scale. Local or site data have limited interest
unless they can be safely extrapolated to the area of a mapping unit. For instance,
in the Wischmeier formula percentage and length of elope are used to calculate sheet
erogion. In a mapping unit having a hilly or dissected topography where the slope
characteristics vary greatly over a short distance, site data on slope would have
little meaning. In such cases, and for mapping purposes, it is suggested that slope
characteristics be replaced by geomorpheclogical or landscape classes which will be
defined in terms of average slope and altitude.

After selecting the criteria, a far greater aifficulty is their combination
according to the respective intensity and often their interaction, in order to
assess the type and intensity of {the processes of degradation. For the erosivity,
a rating of each criterion has been selected and a multiplication of ratings. A

first attempt was made with this method to assess the potential erosivity of
Horocco.

Suggestions are invited concerning:

1. a list of processes of degradation which could be mapped at the scale of
1:5 000 000;
2. a selection of criteria for the assessment of the various forms of degradation

and particularly erosion by water and wind;

3. a method for combining these criteria either mathematically, or with the
help of tables allowing an automatic assessment of the degradation using
standardized criteria available at regiocnal scale.
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PHILOSOPHY OF THE WORLD ASSESSHENT OF SOIL DEGRADATION
AND ITEMS FOR DISCUSSION
by J. Riguier

DEFINITION OF SOIL DECGRADATION ADOPTED IN THE BACKGROUND DOCUWENT

Ae discussion continues on the definitions of the various kinds of soil
degradation: geological, accelerated, normal, actual and potential, it may be
opportune to specify at the outset of this meeting, which ome was adopted for
the project:

Soil degradation is a result of one or more processes wWhich lessen
the current and/or potential capability of soil to produce (quantita~
tively and/or qualitatively) goods or services.

Since soil degradation processes are continuous, & way of representing
them is shown in the graph in Figure 1 which depicis soil productivity as
influenced by the degradation «— aggradation processes.

Geologicol

degradation fAccelerated degrodotion

Actual rate of degradation

¥

Potentiol rote of degradation ___....-2bi5
Y1
Yip—-—————===

-] I ey - WA Lot E S

SOIL PRODUCTIVITY

Wi e i i e e e S

e

Past Present Future

TIME

Fig. 1 SOIL PRODUCTIVITY AS INFLUENCED BY THE
DEGRADATION +—= AGGRADATION PROCESSES



In the figure this is expressed by the sinuosity of the curve. The graph shows

continuous degradation in the past, but aggradation (meaning an increase in the

productivity of the soil) could have ocourred as w211- The followine discussion
ig valid for both cases.

Soil degradation in the past can be called geological degradation until the
point in time is reached where human activity influences the so0il. The geological
degradation can be assessed only by comparison between the initial state Y, and
the actual state Y2. The rate of geological degradation (i.e. (Y1 - YE}ftzmu
elapsed) is called normal degradation.

To assess present degradation, two methods can be followed:

Ta comparison of the difference between the actual soil productivity level
Y2, and the lewvel Y3 representing the lewvel at the time accelerated
degradation started;

2. evaluation of tle rate of degradation at present, i.e. the slope &y
or the tangent of the curve at point t (angleer). dt

AT
In reality the mean rate over a short interval is taken, i.e. :
an example would be average erosion in t/ha/year over the JAY
last five or ten years.

Several factors influence the rate of degradation and they can be divided into
two groups, each opposing the other: +the wvulnerability of the land to certain types
of soil degradation, and the human influence. In order to assess actual degradation,
land use and management must be taken into account, because they are the prime causes
of a change from normal degradation to acoelﬂrated degradation (or the reverse).

The assessment of future degradation risks is very difficult since prognosis
can easily become invalid because of changes in land use and/or management practices,
or environmental factors, e.g. climate. Ewven if the land use and managemeni are
assuned to remain the same, prognosis is difficult because the relationship between
degradation and time is not necessarily a straight line, i.e. under the given manage-
ment, degradation may accelerate or decelerate; indeed the curve often becomes
asymptotic to a certain value (¥4 in the graph), for example: cultivation during
numerous years without fertilization (curve 1), or it reaches zero with an
acceleration, for instance in the case of erosion of a shallow soil on compact rocks
(curve 2). If land use and/or mahagement practices are changed, all kinds of curves
can be obtained, e.gz. the dashed curve 1bis, which depicts a situation where degrad-
ation steadily becomes stabilized, but only after a further decrease in productivity,
or the ascending curve 2bis which represents a wvery well selected land use and mznage-
ment resulting in a rebuilding of the soil productivity.

Given the changing rate of soil degradation (or aggradation) with time, land
uge and management, certain assumptions must be made in order to arrive at a useful
prognosis. Therefore we defined potential degradation, or rather the maximum risk
of degradation, as the degradation that will occur under the most severe conditions,
that is to say, with the worst possible management, for example: erosion of bare soil.
The maximum risk of degradation is then a function of certain relatively stable
natural factors, again in the case of erosiocn, climatic aggressivity, soil erodibility,
slope steepness, slope length; it is independent of vegetation cover, land use and
management, since these factors are easily modified by human activities. The rate of
depradation under these conditions is represented by tangent e 2 in the curve; the
future degradation is represented Ly the dotted line.



Although in most cases the rate of degradation estimated may be higher than the
one that will cccur in reality, the results allow comparison between the vulnerability
to goil degradation of different land areas on a systematic base. By including
reduction tables in the explanatory texts with the maps, from which the reduction
of soil degradation resulting from various kinds of land uses and management can be
read, one can estimate what soil degradation will occur under various kinds of land
use.

PROELEMS ENCOUNTERED AND ITEMS FOR DISCUSSION

Jiven the objectives of the project: +to map the types of degradation and their
present and maximum future rates, the problems are:

i. BSelection of the dominant degradation process in an area.

Is this the process which effects the largest area, is it the
most intense process, or is it the process on the agricultiurally
most important soil?

We have adopted the process on the dominant surface for the
proposed legend and the Map of Actual Soil Degradation of
MOI'DC-GO‘.

ii. How iz so0il degradation evaluated quantitatively? In what
units should degradation be expressed?

Expression of soil degradation as a decrease in yieldfhafyaar allows compar—
ison between the effects of one type of soil degradation and another, but in practice
this is close to impossible. Other expressions, which are process specific, like
s0il conductivity in millimhos, pH variation, soil loss in t/ha, etc. do not allow
guch compariscn, and sometimes do not even allow an estimation of the damage to the
s0il as far as productivity is concerned, e.g. the damage resultiing from & soil loss
of 30 t/hafyuur ig not the same for all soil types. Furthermore the damage for one
soil type is not comparable if in one field the loss results from sheet erosion
and in ancther the same losas results from gully ercsion.

Even when gqualitative degradation classifications are used, class limits need
to be gquantified because what may be regarded in one country as "severe" degradation,

may be regarded as "moderate” in another, since qualitative classifications are
often subjective and relative.

Direct field measurements and/or monitoring of the processes themselves are
the surest way to obtain reliable estimates of the rate of soil degradation.
Infortunately this is not possible at a global scale. Therefore data collected at a
few selected locations must be extrapolated to other areas. Since the wvalidity of
extrapolation over large distances is guestionable, mathematical models can be useful
at this point. Another approach would be to rate the various factors according to
their status and the weight of their importance. With information gleaned from study
of the literature, it is possible to assign values to the important factors for mamny
conditions, but care must still be taken when extrapolating these wvalues.



ANNEX IV

METHODOLOGY USED TO DETERMINE THE MAXIMUM POTENTIAL AVERAGE ANNUAL SOIL LOSS
DUE TO SHEET AND RILL EROSION IN MOROCCO
b:f HiMoJe Arnoldus

To estimate the maximum potential average annual soil loss due to sheet and
rill erosion, the Universal Soil Loss Zquation 1/ was selected because it is a simple
model to operate if the values of the various parameters are lmown and, in most areas
of the world, it gives acceptable resulte.

In order to arrive at the maximum potential soil loss, the wvalues of the

cropping management factor (C - factor) and the erosion control practice factor
(P = factor) were taken as unity.

EROSIVITY

The erosivity factor (R — factor) is traditionally determined by calculating
the kinetic energy for each equal intensity period of a rainstorm, times the rainfall
amount for that periocd; +then these are summed and multiplied by the maximum 3I0—minute
intensity of the storm. By repeating this over a sufficient number of years an
average ammual value can be established (Wischmeier, 1959). Later relationships have
veen established between amounts of reinfall with certain return periods and the
average ammual rainfall factor value {Hischmeier, 1962; Ateshian, 1974). Fevertheless,
it remains necessary to process an enormous amount of data to establish the value of
the average armual rainfall factor. Other parameters that can substitute for
Wischmeier's factor, like Hudson's KE =25 - index (Hudson, 1971) and Lal's AL, - index
(Lal, 1976) also require large amounts of data and considerable calculation time.

In many developing countries too few data exist to caleculate any of the indices
mentioned above. Therefore, we had to look for an index that could be calculated
from readily available data. Fournier's psz — index (Fournier, 1960) is such since
it uses only average monthly and annual precipitation. Tests were run to determine
the correlation between Fournier's index and known values of the R = factor for
164 stations in the USA and 14 in Vest Africa.

1/ According to the Universal Soil Loss Equation, soil loss is a fraction of:
rainfall, soil, topography, wvegetative cover and management; the equation
is written as A = RKLSCP, in which A is seil loss, R is erosivity factor,
K ig a soil erodibility factor, L and 5 are topographic factors and C and
F are vegetation and management factors.



Correlation coefficients were:
all stations (n = 178); r = .74 for R = 534.8 log pzﬂ’ - 428

Bastern USA (n =102) r = .69 for R = 18.3 psz - 70.35 or
log R = 1.23 log p2/P + P,

Western USA with exception of Horthwest (n = 47) r = .46 for
log R = 1.19 log pzj"P + W60

Horth Western USA 1/ (n = 15} r = .67 for R = 34.96 log pEjP - T or
log R = «67 log p2/P + .75

West African stations (n = 14) r = .36 for R = 3.62 log p2/P = 329

From this, it follows that Fournier's index camnmot be used as a substitution
for the R = factor of the USLE.

A closer look at both indices reveals some basic differences in the under-
lying philosophyt Wischmeier's index takee all erosion rain into account: 1t increases
with increasing rainfall. Fournier's index does not do so automatically; 2/ for =
fixed value for the precipitation in the month with the highest precipitation, the
value of Fournier's index decreases when more rain falls in the remaining months,
because all other rain only influences the dencminator of the index V.

Given this basic difference in philosophy between the two indices, some
research has been done to find a new index with a philosophy similar to that uncer-
lying Wischmeier's. A modification of Fournier's index proved to be successful; this

new index is 42
2
Y. PP
1

in which Py is monthly precipitation, and P is annual precipitation.
Correlation coefficients for the same data set are:

2
all stations (n = 178); r = .91 for Log R = 1.93 1ogt pg':.-fp — 1.52
1
Eastern USA (n = 102); = = .89 for R = 6.86 E p?ﬂ“ - 4203
linear-log and log-log relationships have 1
T = id't!I

Western USA with the exception of the Forth West (n = 47); r = .06

for log R = 2.23 log pEfP — 1.91
! 2
North Western USA (m -215} r = .00 for R = .66 Z p /P = 3 and

for log R = 2.23 log psz = .44

1 12
West Africa (n = 14) r = .83 for R = 5.44 Z pe,.-"'P = 416
1

1/ The values of these stations are composed of a rainfall part and a snowmelt run—
off part (MecCool and Papendick, 1976).

g/ Since Fournier's prediction eguations are based only on rainfall aggressivity and
topography, the rainfall factor probably also expresses the regeneration capacity
of the wvepetation.




Since the correlation equations differ from one region to another, the deline-

ation of homogeneous zones should result in an even better correlation.
2

The pEfP index has also been tried since on data from several states of
Brazil 1 covering a 22-year period and for a few stations in Belgium. The
correlation between monthly values of the index and wvalues of the R - factor, as
caleulated by Yischmeier's method, is reported to be very highly significant
(Gabriels, 1976, personal communication).

For Horoceo, monthly rainfall data for 112 stations were available. The log-
log relationship found for West Africa, slightly modified, gives values that corres—
pond very well with the values calculated for a few stations in the Sebou Catchment:
1/ e.g. (in pfs units) Fes: resp. 84 and 84, Teza: resp. 143 and 133 and,

Meknes: resp. 104 and 96. The relation used (in metric units) was:

2
R=1.735 x 10 (1.50 log t pE,fP - .8188)
1
The result is given on the Zrosivity Map attached to this paper (Fig. 1).

Below the R = 10 - isoline no other lines were drawn because the density of
the stations was too low. The minimum value found (6}, however, was for Ouarzazate
(30.56 North, 6.54 iest).

S0IL ERCDIBILITY

From a representative population of soils, the soil erodibility was calculated
according to the nomo§raph developed by Wischmeier et al. (1971), adapted to the
metric system (Fig. 2) and computerized. Zarlier tests had been run to determine
the validity of the procedure described by Hrickson (1973} for estimating the wvery
fine sand fraction for soils for which only the classicial texture classes had been
determined. 2/

The correlation coefficients for a sample of almost 20U soils from USA, Canada,
Helaysia and Brazil were 0.8 for the whole population and 0.8% for the whole popul=-
etion minus sandy soils. Irickson's relationships were used in estimating the wery
fine sand fraction for ca 129 of the Moroccan samples. The Soil Erodibility Map of
Horocco is attached to this paper as Fig. 3. The boundaries on this map are taken
from the FAU/Unesco Soil Map of the World (FAO and Unesco, 1973).

TOPOGRAFHY
The So0il Map of the YWorld indicates 3 dominant slope classes:

a (C=28%), b (8-130%) ande (>30).

Atlas du Bassin du Sebou, 1970.

Urickson found for seoils in Utah relationships between clay fraction and
percentage of wvery fine sand; the particular relationships are different
for each textural class.

id =



The Topographic Factor Map (Fig. 4) is based upon these slope classes. Soils
that, by definition, are situated on wvery flat terrain, such as fluviscls and gleysols,
etc. are assumed to be on slopes of not more than 2¢; for those soils an average
value of 19 has been chosen and thus the slope gradient factor value (5) is .1. For
other soils with slope class a, an average slope of 4‘3’5 has been assumed, wWhich ylelds
5 = .35, For soils with slope class b, an average value of 20¢. or S = 3.5 has been
assumed, whilst soils with slope class c are supposed to have an average slope of
57.5% or § = 10.8. Combinations of slope classes are found on the Soil Map of the
World: to class ab, an average slope of 10% or S = 2.0 has been assigned, and
claspes ac and be have been assumed to have an average slope of 325 or § = &.

Average slope lengths are difficult to assess on the 1:5 000 UC0 scale, unless
many large scale topography maps can be studied. Therefore, this factor has not been
evaluated. The only way it has been taken into account is by assuming that with an
increase in slope gradient, the slope length will generzlly decline. This assuaption
led to the selection of rather low average slopes to represent the various clope
clasgses.

S0IL LOSS

By superposition of the three maps and multiplication of the various values
for each unigue area, a soil loss map was obtained. From this map, it sesned
convenient to establish five soil loss classes: O — 5 (metrie) tons/ha, T = 30 tons/ia,
30 - 200 tﬂnsﬂta, 200 = 500 tons'.-’l'la and 4C0 — 2 000 tons/ha. It was however, decided
to combine the first two classes, since a theoretical maximum value of 30U tons,/la is
still low, coneidering that this soil loss should only occur if there is no vegetstlon
and no econtrol practices are appliei.

Frem the final map (Fig. 5) it seems that, at least in Morocco, topography
ig a factor of overriding importance, with erosivity as a factor of secondary
importance. WVariation in soil erodibility seems to be a minor factor at countr) level
and when only a few classes are used.
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SOIL DEGRADATION WAF OF MOROCCO
by J« Higuier

AN W

The map presented at the Expert Consultation was drawn in confornit: with

the legend given in the Background Document.

It was presented in colour but to

reproduce it in black and white for this report, some slight changes have had to

be made.

Legend to the Soil Degradation Map of Morocco 1/
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A3S0CIATED PROCESS INCLUDED FROCES
MAFPING UNIT DOM INANT PROCESS AFFECTING 204 OF AFFECTING 5=-20%
THE MAPPING UNIT DF THE MAPPING UNIT
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1/ For the precise meaning of the symbols, see page 3i4.
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ANNEX VI

CRITERIA FOR ASSESSING WIND EROSION 1/
by E.L. Skidmore

INTRODUCTION

Wind erosion is serious in many parts of the world. General areas most
susceptible to wind erosion on agricultural land include much of North Africa
and the Kear East, parts of southern and eastern Asia, Australia and southern
South America, and the semi-arid and arid portions of North Anerica {FQD. 1960 ).
In addition, such agricultiural areas as the Siberian Plain and others in the USSE
are potentially susceptible to wind erosion.

So0il erosion by wind, generally thought to be limited to semi-arid and arid
areas, can be a problem wherever: 1) the soil is loose, dry, and reasonably finels
divided; 2) the soil surface is smooth and vepetative cover is absent or sparse;
3} the field is large; and 4) the wind is sufficiently gtronz to move soil. These
conditions are likely to prevail in semi-arid and arid areas, where precipitation
is inadequate or where the climatic vagaries from sezcon to season or year to rear
orevent maintaining crops or residue cover on the land; however, tiey sometimes
exist in subhumid and even humid areas. '

Wind erosion damages in severazl ways. It physically removes from the field
the most fertile portion of the soil, thereby lowering productivity (Daniel and
Langham, 1936; Lyles, 1975). Some eroded soil enters the atmospheric dustload
(Hagen and loodruff, 1973), whiich obscures wisibility, pollutes the air, causes traffic
hazards, fouls machinery, and imperils animal and human health. Blowing soil alseo
fills road ditches and irrigation canals, reduces seedling survival and growth, lowers
the marketability of many wvegetable crops, and increnses the susceptibilit:y of plantes
to disease and to the transmission of some plant diseases.

This paper presents criteria for assessing wind erosion on o regional basis
by first assessing it on a field basis. Also, the repgional wind erosion haszard can
be evaluated based on the erodibility of the soil and meteorclogical conaiiions
conducive to soil detachment and transport.

ASSESSING WIND EROSION ON A FIELD BASIS

Studies to understand the mechanics of the wind erosion process to icentif:r
major factors influencing wind erosion, and to develop wind erosion control methouas
led to the development of a wind erosion equation (Chepil and licodruff, 1963;

Woodruff and Siddoway, 1965). The equation was designed to deternine the averase
potential erosion from a particular field and the field conditions necessary to reduce
potential ercosion to a gspecified amouwnt.

lf Contribution from the Agricultural Research Serwvice, U.S. Department of Apri-
culture, in cooperation with the Kansas Agricultural Zxperiment Station. Dept.
of Agronomy GContribution Ne. 1647-z.



It is assumed that the reader is familiar with the wind erosion equation,
therefore, only a brief description will be given here. More detail has been given
by Chepil and Woodruff, 1963; Woodruff and Siddoway, 1965; Skidmore and Woodruff,
1968; BSkidmore et al., 1970; Skidmore, 1976.

The general functional relationship between the dependent variable, E {the
potential average anmnual soil logs in tons per hectare), and the independent vari-
ables is; E=f (I, K, C, L, V), where I is a soil erodibility index; K is a
soil-ridge roughness factor; C is a climatic factor; L is field length along the
prevailing wind erosion direction; and V is equivalent quantity of vegetative cover.

Relations among wvariables are complex, and a single equation that expresses E
as a function of the independent variables has not been devised. The equation was
solved in a stepwise procedure involving graphical solutions until a computer
solution was developed to simplify the procedure (Fisher and Skidmore, 1970;
Skidmore et al., 1970).

The solution of the wind erosion egquation gives the amount of erosion expected,
in tons/ha/year, from a given agricultural field.

The information needed to assess potential soil loss from a field is:
(1) percentage of soil aggregates exceeding 0.84 mm; (2) length and steepness of
windward knoll slopes; (3) ridge height and spacing; (4) climatic factor;
(5) angle of deviation of prevailing wind erosion direction from right angles to
field strip; (6) preponderance of wind erosion forces in prevailing wind erosion
direction; (7) height of wind barrier, if any; (8) field width;mfa) quantity of
vegetative cover; and (10) type of vegetative cover. Information for items 4 and
6 and for determining item 5 can be obtained by month for many USA locations from
the literature (Skidmore and Woodruff, 1963). The percentage of soil aggregates
exceeding U.84 mm (item 1) can best be obtained by dry sieving; however, in practice,
the percentage is often determined from wind erodibility groups based on soil type
or predominant soil textural class (Hayes, 1972). Other factors can be measured in
the field or estimated by comparing field conditions with similar field conditions
for which the factors have been measured.

ASSESSING WIND FROSION ON A COUNTY AND REGIONAL BASIS

The wind erosion equation can be used as a basis for assessing wind erosion on
an area, such as a countl, larger than an individual field.

In the USL, pertinent data can e obtained from several sources. Anual area
cropped and yield data for each major crop are available by county from "Agricultural
Statistics", published by state boards of agriculture. Total land area by county is
available from the Conservaiion leeds Inventory; scil data are available from soil
surveys; and climatelogical data are available from the National Climatolopical
Hecord Center. Using those data and the wind erosion egquation, one can estimate
potential average annual soil loss for a county or a group of counties.

Consider Ellis County, Kansas, for example. Table 1 gives the major soils in
the county, the areal extent of those soils, their approximate erodibility based on
noil textural classification, and an estimate of the average annual potential soil
logs from each of the soils. FHor this calculation, it was assumed that the field is
wide, smooth and bare of wvegetation. The grain yield of major crops was egtimated
from the average county yield of that crop, multiplied by a factor that compares the
egtimated capability of a particuler eoil with other soils in the county to produce
& given crop. “The straw or stover was estimated from grain yield. On the average,
winter wheat produced 1.7 quintals of straw for each quintal of pgrain. Sorghum and
maize produced about equal grain and stover.



Table 1 STRAW RESIDUE PRODUCED ON THE VARIOUS SCILS IN ELLIS COUNTY, KANSAS,
AND AMOUNT OF STRAW NEEDED ON THE SOIL TO CONTROL WIND EROSION TO 11.2 tfha.fjr

CONTINUOUS WHEAT
SOIL GRAIN STRAW STRAW SURPLUS
SOIL AREA ERODIBILITY LOSS YIELD PRODUCED NEEDED 1,/ STRAW 2/
1000 ha ——— t/ha/yr q/ha
nselmo Fine Sandy Loam 0.8 193.0 96.4 16.8 28.5 16.3 -2.1
rmo Loam 1-3%S 2.9 193.0 96.3 16.1 27.4 16.3 -2.6
rmo Loam 3-7%5 3.4 193.0 96.3 14.1 24.0 16.3 -4.3
rmo Loam 3-7%SE 1.0 193.0 96.3 12.1 20.6 16.3 -6.0
Campus-Carlson Complex 4.9 150.0 75.1 12.1 20.6 14.5 -4.2
Corinth 5ilty Clay Loam 1-3%5 0.2 193.0 96.3 13.4 22.8 16.3 -4.9
Corinth 5ilty Clay Loam 3-7%5 1.9 193.0 96.3 11.4 19.4 16.3 -6.6
Crete Silty Clay Loam 0-1%S 3.2 193.0 96.3 21.5 36.5 16.3 2.0
Crete Silty Clay Loam 0-1%TSY 0.2 193.0 96.3 18.2 30.8 16.3 -0.9
Detroit Si1t Loam 1.5 142.0 70.8 20.2 34.3 14.2 2.0
Eltree 5i1t Loam 0-1%8 0.8 142.0 70.8 22.9 38.8 14.2 5.2
Eltree 511t Loam 1-3%S 2.6 142.0 70.8 21.5 36.6 14.2 4.1
Eltree S5i1t Loam 3-7%5 2.1 142.0 70.8 20.2 34.3 14,2 3.0
Harney 5i1t Loam 0-1%5 17.5 142.0 70.8 21.5 36.6 14.2 4.1
Harney 511t Loam 1-3%S 14.6 142.0 70.8 20.2 34.3 14,2 3.0
Harney 5i1t Loam 3-7%5 4.1 142.0 70.8 17.5 29.7 14.2 0.7
Harney Silty Clay Loam 2-5%SE 8.1 157.0 78.4 16.1 27.4 14.7 -1.0
Harney Armo Complex 3-7%SE 8.9 128.0 63.9 14.8 25.1 13.4 -0.9
Harn.-Carls. Si1t Loam 0-1%S 2.0 142.0 70.8 18.2 30.8 14,2 1.2
Harn,-Carls. 511t Loam 1-3%5 18.7 142.0 70.8 17.5 29.7 14.2 0.7
Harn,-Wak. Si1t Loam 0-1%S 0.7 142.0 70.8 17.5 29.7 14,2 0.7
Harn,-Wak. Si1t Loam 1-3%5 6.5 142.0 70.8 16.8 28.6 14,2 0.1
Holdrege Si1t Loam 0-1%S 0.5 142.0 70.8 22.9 8.8 14.2 5.2
Holdrege Silt Loam 1-3%S 1.2 142.0 70.8 21.5 36.6 14.2 4.1
Hord Sil1t Loam 2.8 142.0 70.8 22.9 38.8 14,2 5.2
McCook Fine Sandy Loam 0.4 143.0 96.3 20.2 34.3 16.3 0.9
McCook Si1t Loam 24 142.0 70.8 16.8 28.6 14.2 0.1
Mento 511t Loam 0-1%5 0.3 142.0 70.8 15.5 26.3 14.2 -1.1
Mento Silt Loam 1-3%S 8.5 142.0 70.8 13.5 22.8 14.2 -2.8
Mento 511ty Clay Loam 1.1 157.0 78.4 12.1 20.6 14,7 -4.4
Mento Soils 6.4 145.0 j2.2 10.8 18.3 14.2. -5.1
Munjor Sandy Loam 1.4 193.0 96.3 16.1 27.4 16.3 -2.6
Mew Cambria Silty Clay 0.7 193.0 96,3 17.5 29.7 16.3 -1.5
Boxbury 511t Loam 6.8 142.0 70.8 22.9 3.8 14.2 5.2
Boxbury 511t Loam Fre. Flded 11.2 142.0 70.8 16.8 28.6 14.2 0.1
Wakeen 511t Loam 1-3%5 2.4 142.0 70.8 14.8 25.1 14.2 -1.7
Wakeen 511t Loam 1-3%SE 0.2 142.0 70.8 10,1 17.1 14.2 -5.7
Wakeen Silt Loam 3-7%5 4.2 142.0 70.8 11.4 19.4 14,2 -4.5
Wann Loam 1.4 142.0 70.8 16.8 28.6 14.2 0.1

1/ Assumes straw is left flat.
2/ Assumes 505 of straw is buried by tillage.



To further assese the eropion in the county, one must lnow the distribution of
the various crops grown on each soil. For example, what portions of the 800-ha Angelmo
fine sandy loam are planted to wheat, sorghum, or maize and what portions are in fal-
low? In addition, what are the dominant tillage and residue management practices on
that s0il?

But let us consider an ares even larger than a county. In the USA a convenient
size for assessing wind erosion is the land resource area (LRA), composed of land
resource units, each usually several thousand hectares in extent and characterized by
a particular pattern of soil (including slope and erosion), climate, water resources,
land use, and type of farming. (Major land resource areas consist of geographically
assoclated land resource units; major land resource regions consist of geographically
agsociated major land resource areas, Austin, 1972.)

For example, let us consider the counties of LRA 72 in Kansas. This area
contains 24 counties with a total land area of 5.5 x 109 ha (13.6 x 106 acres) and
3.9 x 106 ha (9.7 x 10 acres) of cropland. The major crops (with area and yield of
each) are shown in Tatle 2. The amount of residue produced per unit land area was
estimated from grain yield data, assuming that the residue/grain ratio is 1.0 for
maize and sorghum and 1.7 for wheat. Approximately 10% of the wheat planted was not
harvested.

Table 2 LAND RESOURCE AREA T2 - 24 KANSAS COUNTIES -
1975-76 YIELD DATA

POTENTIAL SOIL LOSS 1/
CROP AREA YIELD RESIDUE 2/ | 1 2 3
1 000 ha q/ha t/ha/yr
Irrigated maize 652 67 67 15 22 16
Sorghum 402 a5 35 T5 43 EY
Hay 137 67 0 0 0 0
Cont inuous wheat TO 13 23 52 14 25
Fallow wheat 1 273 19 33 40 22 16
Fallow (no crop) 1273 0 0 75 29 18
Wheat (FNH) 3/ 123 0 0 75 45 34
390
i

TOTAL LAND INVENTORY AREA: 5 502 700 ha

1/ See text for conditions.
gf Estimated amount of residue after harvest.
PNH = Planted but not harvested.



Average annual soil loss was estimated by the wind erosion equation (Woodruff
and Siddoway, 1965) for three combinations of conditions: 1) Wide field, 1/ bare of
residue and with rough surface. 2) Wide field with semi-ridged surface — 1/4 of maize
and sorghum residue left standing (30 em tall), 1/4 flattened on the surface, and the
other 1/2 removed; 1/4 of continuous wheat residue on surface plus protective value
of growing wheat (seedling and stooling) equivalent to 1}1@ residue produced; fallow
with 1/5 of the residue produced remaining on surface; wheat (planted, not harvested)
with residue equivalent to 1}& of residue produced in continuous wheat production.

3} Same conditions as 2 except that the field is 200 m (660 ft) wide. The means for
the area were 06 and T8, respectively for erodibility I and climatic factor C.

The average arnnual soil less for the cropland in the 24-county area, according
to the relationship of the wind erosion eguation, was 60, 27, and 18 metric tons per
hectare for the three levels of assumed management. Most of the non-cropland is
rangeland. Assuming that the non—cropland is non—erosive, the average soil loas for
the totul inventory land eres became 43, 20, and 13 t/ha/yr, respectively, for the
three levels of management. That corresponds to 588, 274, and 184 million metric
tons of soil.

ASSESSING WIND MROSION HAZARD FROM BASIC S0IL ERODIBILITY AND CLIMATIC POTENTIAL
TO CAUSE WIND EROSION

Two (erodibility and climatic factor) of the five independent variables of the
wind erosion equation are basic to the soil and climate of the region and are less
alterable by management than are the others. Used togpether, soil erodibility index
and climatic facior show promise for use in assessing wind eroslon hazard.

;,_‘_'_r_odi"_: 1litv Index

501l erodibility (ease of detachment and transport by wind) is a primary vari-
able affecting wind erosion. From wind tunnel tests, Chepil (1950) determined
relative erodibilities of soils (reasonably free from organic residues) as a function
of apparent specific gravity and proportions of dry soil aggregates in various sizes.
Since then, the non-erodible soil fraction greater than 0.834 mm, as determined by dry
pieving, has been used to indicate erodibility of meil by wind. In an early wversicn
of the wind erosion egquation (Chepil and Woodruff, 19%54), erodibility was one of three
major factors developed from resultsc obtained principally with a portable wind tunnel
(Zingg, 1951a, 1951b; Zingg and Woodruff, 1951).

A dimensionless soil erodibility index, I, (Chepil, 1953; Chepil and Woodruff,
1454) wae based on the non-erodible fraction (percentage of clods exceeding O.04 mm
fiameter). The guantity of goil eroded in a tunnel 1is governed by the tunnel's length
and other characteristics; therefore, erodibility was expressed on a dimensionless
basis so that for a given soil and surface condition, the same relative erodibility
value would be obtained regardless of wind tunnel characteristics (Chepil, 1960).
The soil erodibility index was expressed as

I=X,/X (1)

where X, is quantity eroded from soil containing 60 percent of clods exceeding 0.54 mm,
and ¥» 18 the quantity eroded under the same set of conditions from soil containing
any other proportions of clods exceeding 0.84 mm. Soil erodibility index, I, gave a
relative neasure of erodibility, but actual soil loss by wind was not kmnown.

lj Wide field means that any further increase in width would not increase erosion
hazard. This condition usually ocours for a field between 500 and 1 000 metres.



Therefore, during the severe wind erosion of 1954-56 (1 January through
30 April) £9 fields were studied in western Kansas and eastern Colorado to determine
the quantity of soil loss for any field erodibility as determined from various field
conditions (Chepil, 1960). The average depth of soil ercded usually was indicated
by depth to which wheat crowns and roots were exposed.

Seaponal loss was converted to annual soil loss, and relative field erodibility
for each field was determined by procedures previously outlined (Chepil, 1959; Chepil
and Woodruff, 1954; Chepil and Woodruff, 1959). The relation between annual soil
loss and relative field erodibility was

Y = ax® = 1/cd (2)

where Y is annual soil loss (tons per acre); X is dimensionless relative field
erodibility; and a, b, ¢, and d are constants equal to 140, 0.287, 0.01525 and
1.065, respectively. Chepil (1960) recognized that inaccuracies irn measuring
relatively small anmual s0il losses from depth of soil removal made conversion of
relative field erodibility to annual soil loss by equation 2 highly approximate.

When a field is smooth, bare, wide, unsheltered, and noncrusted, its relative
erodibility is equivalent to the soil erodibility index defined by equation (1).
When I from equation (1) is substituted for X in egquation (2), potential annual soil
loss in tons per acre is obtained.

Although percentages of non-erodible fractions vary seasonally with manapement
practices and chemical composition of soil, erodibility is strongly influenced by
particle size distribution of the soil. Sands, for example, have insufficient fine
material to cement the grains into larger aggregates, and much of the soil wass 1s
single grained and, consequently, wvery erodible. Further research is neecec belore
we can aefine erodibility precisely as a function of soil, climate, and management;
however, we can reasonably estimate a soil's erodibility based on the texturel
classification of the soil. Therefore, knowledge of surface soil texture distribution
in a region provides a basis for estimating susceptibility of the soil to erosive
winds.

Climatic Factor

The climatic factor is an index of the average rate at which smoil is move. Uy
wind as influenced by moisture content in surface soil particles and average Wini=-
speed. Chepil et al. (1962) proposed a climatic factor to determine average annunl
soll lose for climatic conditions other than those pertaining when the relstionship

between wind turmel and field erodibility was obtained.

The soil moisture term of the climatic Tactor of the wind erosion scuation
was developed on the basis that erodibility of a soil varies inversely with the
equivalent moisture in surface soil particles (Chepil, 1956). Effective moisture
of the surface soil particles was assumed to vary as indicated by the Thornthwalte
(1931) P=E index developed to evaluate precipitation effectiveness. The P=: index
is the sum of 12 monthly precipitations divided by evaporation ratios.

The soil-moisture term of the climatic factor needs refining. The current
procedures assume that effective moisture of the surface s0il particles wvaries with
the P-E index, but surface moisture content is transient (Idso et al., 1974;
Jackson, 1973; Jackson et al., 1973). Drying rate and dryness of particles are
functions of hydraulic scil properties and climatic wvariables not fully reflected
in the P-E index. These relationships need examining and then relating to the
wind erosion process.



The windspeed term of the climatic factor is based on the assumption that rate
of soil movement is proportional t0 windspeed cubed. Several researchers (Bagnold,
1943; Chepil, 1945; 2Zingg, 19531) have reported that when windspeeds exceed those
required barely to move the soil, the soil-movement rate is directly proportional to
friction wvelocity cubed. Over a specified surface, windspeed and friction velocity
are proporticnal.

The long-term average windspeed and 'soil moisture index at Garden City, Kansas,
was the reference for the climatic factor. It was expressed as

C = 100 u /2.9 (P-2)°

where u is the corrected mean annual windspeed for a standard height of 30 feet,
F=E is an index of equivalent ?uisture in surface soil particles, and 2.9 is the
approximate average value of u”/(P-E)2 for Garden City, Kansas.

Monthly windspeeds are used in lieu of annual windspeeds to determine monthly
T values for calculating ercsion when plant damage of certain periods of the year is
the major interest (Woodruff and Armbrust, 1968). Climatic—factor maps have been
prepared for the major wind erosion areas of the USA (Skidmore and Woodruff, 1968).
Figures 1 and 2 show that in 197576 in the Great Plains the climatic factor and
wind erosion damage to cropland were similar.

The product of an appropriate climatic factor and soil erodibility index
indicate intensity of wind erosion hazard (WEH) for wide, smooth fields bare of
vegetation. Suppose the land in a region is divided into n erodibility Eroups,
each with area A; and associated erocdibility index I, and climatic factor C;. Then
the mean wind erosion hagard for that region would be

n n
WEH = Z a1.0 / Z A
i=1 i=1
As other data such as amount and kind of wvegetative cover become available, they

can be included in the calculation. Also, because I and C vary seasonally and
yearly, it may be desirable to calculate probabilities.
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Fig. 2. Percentage of cropland damaged by wind erosion, summarized
from data reported by U.S. Dept. of Agriculture, 50i1 Conservation
Service.
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ANNEY VII

ASSESSMENT OF LANT DEGRADATION TN AGRICULTUHAL AND
PASTORAL AREAS IN AUSTRALIA (1975=7T)

by H.W. Pauli

INTRODUCTION

Turing 1975 to 1977 a nation-wide study of Australia'e soil coneervation
problems was carried out collaboratively by the Commonwealth, the Territories and
the Statee. The findinge of the study will be published in 1977 in 14 reports.
Report 13 "Land Degradation in Agricultural and Pastoral Areas" describes the
methodology used in the assessment of land p'aegrdchiion’ in%ne aghiclivurd. afda

pastoral areas together with the results obtained from this asseeesment. This
paper is based mainly on the description of the methodology contained in Report 13.

ORIGIN AND TEEME OF REFERENCE OF STUDY

The Study was etarted after the acceptance by Etate Premiers of the offer

of funde by the Commonwealth Government for an interim program of assistance to

the States during the financial years 1974,(’1’5 and 1975[1’6, to enable them to "etep
up their soil conservation activities ... in preparation for a long-term program".
The main condition attached to the allocation of these funds was that the States
co-operate with the Commonwealth Govermment in a study to establish a basis for a
long=-term national program of eoil conservation in the context of an integrated
approach to land management.

The five specified components of the Study were:

(1) the development of a national approach tc land rescurce survey
and evaluation;

(ii) the drawing up of a co-ordinated research program aimed at
meeting the most urgent needs associated with Boil conservation;

(iii) study of legal, administrative, financial and land tenure
sycteme associated with soil coneervation and land management,
including the matter of cost allocation and reimbursement in
relation to worke on private property;

(iv) requirements for the recruitment and training of all categories
of staffy
(v) integration with other areas of govermment policy including

rural reconstruction, water conservation and flood mitigation.
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ORGANISATION AND IESIGN OF STUDY

A small central study team consisting of the Study Leader and Common-—
wealth officers, was established in the Bureau of Environmental Studies in Canberra 1/.
The Study Team resources were supplemented by State and Territory soil comservation
officere working in Canberra at variocus times for periocds of up to six weeks. The
Study Team worked clesely with the individual eoil conservation authorities and with
epecialist Task Forces. In the former case, communication wae maintained through a
Liaison Officer in each eoil conservation authority. Consultants were engaged for
some parts of the Study.

To facilitate data collection the Etudy wae divided into 10 main task

1. Land Resource Survey and Evaluation

2+ Land Degradation Assessment

3. Impact Analysis

4o PFinancing Arrangements

5+ Coneervation Programs

6. Research Programs

T« Legislation

8. AMAdministration

9. ©Staff Recruitment and Training

10. Integration with related Government Policiee and Programs

The land degradation assessment carried out in Task 2 wae intended to not
only provide a statement on the damage which has occourred, and ie likely to occur,
to land in Australia, tut alsc to provide a general framework within which to
consider sclutions to soil conservation probleme in terms of legislation, adminis-
tration, policy, research, finance and staff.

SCOPE OF THE IEGRADATION ASSESSMENT

The State and Territory soil conservation authorities in Australia were
establiehed primarily for the mitigation, prevention and control of soil erosion in
agricultural and pastoral areas. Their aim has been to foster land use and land
management which improve the biotic productivity and stability of the land, and which
at the same time minimise adverse local and tranemitted effects of seil ercsion.

Although the aim of the soil conservation authorities has not changed
markedly, two significant developmente have taken place in the scope of their work.
Firet, increased attention is now given to forms of land degradation other than soil
erosion, particularly the treatment of soil salinisation and rangeland degradation;
and second, the authorities are being placed under increasing pressure to assist
with the implementation of soil conservation measures on areas used for purposes
other than agriculture and grazing, particularly the urban fringes, recreation areas
and wherever eite stability is disturbed by development.

T_f Incorporated in the Studies Bureau on the establishment of the Department of
Environment. Houesing and Community Development, December 1975.



Types of Land Use

Agriculture and grazing in the arid and non-arid zones were the only types
of land use considered in detail in the assessment. Due to the shortage of quantit-
ative information on existing land degradation caused Yy surface mining, recreaticn,
forestry, urbanisation, traneportation, communications and services, the land degrad-
ation associated with these forms of land use could not be inventoried in detail.

Forms of land Degradation

Over the years a number of causes of land degradation have been idemtified.
A paper 1/, prepared by the Food and Agrioulture Organisation (FAO) as a background
document for the United Nations Conference on the Human Environment held in Stockholm
in 1972, presented the following categorisation of forme of land degradation:

Category I = erosion and sedimentation, salte and alkali, organic
waste, infectious organisms;

Category II - industrial organic wastes, pesticidese, radicactivity
and heavy metals;

Category III - fertilisers and detergents.

Despite the fact that the soil conservation authorities in Australia are
primarily concermed with soil erosion and salinisation, the term 'land degradation'
is preferred to the temm "eoil degradation' in this report. Use of the former is
more in line with current thinking on the misuse and disturbance of land, and takes
into account the involvement of Boil conservation authorities in an increasing nunber
of the forme of land degradation listed in the FAQO categorisation. Apart from this,
the forme of Category I degradation in Australia are commonly linked with landscape
processes, rather than with eite processes.

The technical terms used in the Study are widely understcod, but the
following explanatory notes may be of assistance:

‘ Scil Erceion referes mainly to accelerated scil erceion, that is
to Boil erosion which resulte from man's use and management of
land as distinet from "geclogical' or 'natural' erosion which
ccocure irrespective of man's activitiee. The term Wind Erceicn
includes the erosion of coastal dunes used for grasing. Water
Erosion in some instances includes landslips.

. So0il Salinisation or Soil Salting refers to soil salinity
probleme caused by man's use and management of land as distinct
from the natural levels of salinity which occur in many Australian
soils.

. Land Degradation means the deterioration in the stability or the
potential biotic productivity of land resources currently used
for agricultural and pastoral purposes, beyond that which might

1/ R.S. Rauschkolb : "Land Degradation", FAO Soile Bulletin No: 13 (1972)
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occur in nature. It includes wind and water erosion and
rangeland degradation as major forms, and soil salinisation
or salting as a less widespread form, and one not necescarily
aspociated with scil erosion but of economic and enviromental
importance.

SELECTION OF ASSESEMENT METHOD

Previous Australia-wide Assessments

Several small scale mape were published in the 1940's and 1950'e showing
the distribution of wind and water erosion on cultivation and graszing land in
Australia. These gave a subjective assessment of the severity of erosion, and
being produced at a scale of approxrimately 1:30 000 000 provided only a general
picture of the distribution of ercsion—damaged land.

An abortive attempt was made in the mid=1950's to produce a Seil Ercsion
Map of Australia as one of the 1:6 000 000 map-sheets in the Atlas of Australian
Resources.

The firet attempt at quantifying the land degradation situation on a
national ecale wae a study carried ocut by the Standing Committee on Soil Conservation 1/
in 1969 and 1970. The Committee's report _2/ included an assessment of the areas
damaged by varioue classes of ercsion in the non—arid zone of Australia and estimates
of the coet of repairing the damage. The cost estimates were based on average
treatment coste per hectare for each class of erosion damage in each State and
Territory. Apart from the restriction of the Committee's study to the non-arid zone,
the acsessment had a number of weaknesses. For instance, the study provided
estimates of the landholder installation costs but not the landholder maintemnance
coets of the structural measures required for the control of existing erosion. Also,
it did not relate soil ercsion to the major types of land use or show the distribution
of erceion within each State and Territory.

State and Territory Acsessmente

S0il conservation authorities in Australia carry out land degradation
assesements as an on—going activity. The authorities in Western Ausiralia, Victoria,
New South Wales and Queensland have the responsibility for conducting soil ercsion
surveys and ascessmentis conferred on them by their respective statutes.

The early degradation assessments, those carried out between the mid-1930's
and the mid-1950's were, in general, aimed at:

_1'/ The Standing Committee on Soil Comservation, established in 1946, is compriesed
of the heade of the State and Territory soil coneservation organisations and
representatives of the Commonwealih Departments of Primary Industry and
Environment, Housing and Community Development. The Secretariat for the Committee
is provided by the Commonwealth Department of Primary Industry, Canberra.

_?/' Standing Committee on Soil Conservation, "Study of Community Benefits of and
Finance for Soil Conservation" (Australian Government Publishing Service, 1971).



(i) examining the case for the establishment of soil
conservation authorities in Australia;

(ii)  promoting interest in the adoption of soil
conservation measures;

(iid) establishing soil conservation priorities.

Some of the early assessments followed the establishment of State Erosion Committees,
as recommended by the 5th Meeting of the Australian Agricultural Council in 1937.
The most detailed and extensive assessment of erosion carried out in this early
period was the survey by the Soil Conservation Service of New South Wales during the
years 1941-1943 of erosion-damaged land in the whole of the Eastern and Central
Divisions of New South Wales (480 000 km® or 60 per cent of the area of the State).
Eight classes of ercosion were delineated on mape at a ecale of 2 miles to the inch.
The survey was updated in 1967.

Since the mid-1950"e degradation assessmenis have been conducted primarily
for the planning and monitoring of so0il conservation programs at district, regional
and State levels. The main trends have been:

(1) inclueion of land degradation assessments in land and water
resource appraisal programe at regional and catchment levels,
including catchment studies above existing or preposed water

storages;

(ii) integration of land degradation assesements with research
and investigation projects, including the measurement of
80il lose rates from major ercsion evenis, studies of the
distritution of degradation by social and economic groupings,
and the development of computer techniquee for the storage
and manipulation of land resource and degradation survey data;

(iii) recognition of secondary soil salinieation as a major cause
of land degradation under dryland and irrigation conditions;

flav dacpiion 81 the 'treatment measures! approach in assessments
of degradation by so0il erosion.

Selecticon of "Treatment Measures' Approach

land degradation aseesements are usually carried cut as degradation hazard
or degradation damage assesements, the former being aimed at determining exieting
degradation. Degradation hazard ascsessments depend on a detailed understanding of the
climatic, edaphic and vegetative factors leading to land degradation. TFecause these
factors are not well understood on an Australia—wide basis and the development of the
necessary understanding was beyond the resources of the Study, it wae decided that
some type of land degradation damage survey should be used. However, a general over—
view of degradation hagards was prepared as part of the Study.

Land degradation damage surveys usually inventory land damage in a qualit—
ative way in terms of causal agent and type and severity of degradation. Such assess-
mente have several limitations:



. the terms used to classify degradation esuch as "“severe water
erosion", "minor wind erosion" are often subjective. Even
when the terms are defined e.g. ercsion in terms of depth
of s0il removed, their application in a field survey is very
difficult and time consuming;

. land treatment requirements and their costs cannot be deduced
sclely from an inventory of the damage. The complexity and
cost of treatments are influenced by a variety of local
considerations including the type of land use practised and
social and economic factors. Hence, the validity of aseigning
an average treatment cost to land defined according to some
qualitative scale, such as "severe water erosion", is, at best,
gquestionable.

For these reasons it was decided to assess land degradation in terme of land
treatment measures. This approach facilitates the integration of preventive and
reclamation measures. It produces information relevant to local needs and directly
quantifiable in terme of resource input requirements. This information can be brought
readily to a dollar base for financial estimation or for the comparieon of the costs
of altermative itreatment strategies.

The treatment measures approach is dependent on using experience gained in
applying land degradation control treatments. Land damage surveys carried out in
the 1930"s and 1940's could not have made use of this approach because of the paucity
of experience, at that time, in controlling soil erosion.

THE ASSESSMENT METHOD

Arid and Non—Arid Zones

Australia wae divided into an arid zone and a non—arid zone and each gone
saparately assessed.

The arid gone is defined as the area where the rainfall ie too low or
unreliable to support regular dryland cropping or the extensive establishment of sown
pastures. This climatic zone boundary was selected for the following, largely
technical reasons:

(i) Types of land use and land management differ between the
two zones.

(i1) Land degradation forms and hazards, and soil conservation
land treatment requirements differ between the zones.

(iii) Legislative and administrative arrangements for preventing
or controlling land degradation are often different for
the two zones,.

HRegardlese of the line chosen as the arid zone boundary, the transition
from non-arid to arid conditione ie, in reality, gradual and takes place over a wide
belt of country. However, in 1574, an arid zone boundary was adopted by the Pastoral



Ecosystems Panel, a group set up by the Standing Committee on Agrioculture, and this
boundary, slightly altered to facilitate data compilation, was adopted for the
acssessment. The arid zone covers approximately 7O per cent of the continent.

Objectives

The assessment, which wae confined to lande under agricultural and
pastoral use, was designed to provide the following information:

(1) the nature, extent, location and severity of land
degradation;

(ii) the land treatment measures required in the short to
medium term to maintain productivity and prevent such
adverse transmitted effecte of land degradation ae
excessive siltation and deterioration of water quality;

(iii) the cost of installing and maintaining the measures in
(1i);

(iv) aspesemente of the urgency for controlling land
degradation.

Land Use

Land degradation is a function not only of factorse of the natural environment
tut also of land use and land management. For a given natural enviromment, the type
of land uee and standard of land management determine the extent and rate of
degradation. Form of degradation can also be strongly influenced by land use and
land management.

Land in agricultural and pastoral use was allocated to the most appropriate
of the following broad categories:

Agricultural - extensive cropping
- intensive cropping, including irrigated cropping.

Pastoral - arid gone grazing
- non-arid zone grazing.

The term'extensive cropping' refers to the production, under dryland
conditions, of grains and other crops with eimilar cultural requirements. 'Intensive
cropping' refers to the production of sugar-cane, vegetables, fruit (including grapes)
and irrigated crops. Irrigated crope referred to in the Study were those grown in
the large-scale irrigation areas drawing water from large aguifer or government -
sponsored irrigation dams.

The term "pastoral land use' includes all land in the arid zone used for
grazing by cattle or sheep, and in the non-arid zone arable and non=arable land under
native or improved pastures and used for grazing. In the assessment the land used in
ley (crop-pasture) rotations was viewed as being under a cropping land use not grazing,



except where cropping occurs only at extended intervals and then principally in
connecticon with a pasture improvement or regemeration program.

Approximately 65 per cent of the land area of Australia is used for agric-
ultural and pastoral purposes. GSlightly lese than 2 per cent is used for crops;
slightly more than 3.5 per cent is under sown pasture; and (.2 per cent is irrigated.
Commercial forests and forest reserves account for 5 per cent of Australia's land
area.

Almost two—thirds of the arid sone is used for gragzing. In recent years,
approximately 20 per cent of both the sheep and the cattle in Australia have been
graged in the arid zone, +he sheep being predominantly in the southern winter rainfall
area and the cattle predominantly in the hotter, northern summer rainfall area.

The grazing industries in the non-arid zone operate in a diversity of
environments, ranging from winter to summer rainfall regimes, and from tablelands with
high rainfall and cold winters to the coast and tropice with high rainfall and mild
winters.

These broad catepories of land use were selected for the following main
roasone:

(i) Degradation problems often differ markedly between the categories.
For instance, so0il salinisation occcurring under dryland
eropning is different in many respects from that oeccurring under
irrigated cropping.

(ii) Agronomic, mechanisation and ether requirements for successful
crop and animal production differ markedly between the
categories and many of these have to be taken intoc account in
Boil coneervation planning. For instance, internal soil drainage
ig an important factor in the production of some horticultural
crops and can determine the gradient and length of contour banks
used with these crope. Irrigation often requires the adoption
of epecial parallel soil conservation layouts.

(iii) Levels of soil conservation inputs required for satisfactory
land degradation prevention and control vary with the land
use categories. These inputs include technical assistance
guch as planning and surveying as well as invesiments in
goil conservation works such as contour banke and waterways,
fertilisers, fencing and machinery. For instance, concrete
waterways may be justified in a horticultural area btut not in
a cereal growing area.

(iv) The categorisation facilitates the identification of the
degradation protlems facing the major sectors of rural industry.

Assecement Technigue

The assessment was carried out by two task forces 1/, one for the arid zone

l/ Within each State and Territory the task forces were aesisted by soil conservation
and other officers with regional and district experience of land degradation
problems.



and the other for the non—arid zone. Despite differences in detail in the procedures
adopted, the same general principles were followed for both zones. Both task forces
carried out their acceesments to obtain the four types of information previously
listed as objectives in the following four-etage sequence:

(1) delineation and description of land zones and "types of
country" and description of the land degradation problems
within them;

(ii) determination of treatment measures required to control
the described degradation;

(iii) ecosting of the treatment measures in (ii);

(iv) ﬂting}uf the urgency of applying the treatment measures
in (ii).

In addition, an attempt was made to acsess the land degradation treatment
requiremente which could be expected to result from likely future land use changes
caused by socic—economic forces.

Delineation and Description of lLand Zonee and Regions,
"Types of Country", and Degradation Problems

For the purpose of the assesement Australia was divided intc 95 areas:
T7 "land zones' in the non-arid zone and 22 'regions' in the arid zone.

The non—arid 'land zonee! were selected on the bases of natural
environmental features and recognisable associations of land degradation. However,
for convenience, the actual boundaries were in many cases adjusted to coincide with
etatietical or administrative boundaries.

Most of the boundaries of the arid zone regions are statistical or
administrative area boundaries, except in Western Australia where environmental
factors dictated the subdivision pattern.

*land gones' were described in terme of:

(i) relevant environmental features;

{ii) land degradation problems, including causes and effects;

(iii) land use and where convenient, land tenure;

(iv) statistical areas, local authority areas, numbers of rural
landholders.

A proforma was used for compiling thies information.



The size of the land zones ranged from 1 150 km® to 351 800 km®, depending
on the diversity of the physical environment and the intensity of land use. The
number of landholders in the land zones ranged from 2 to 19 000. The size of the
arid zone region ranged from 70 000 km? to 890 000 km?; +the number of landholders
in the regions ranged from 28 to 1 179.

4 proforma was used for compiling data on the area of each non-arid '"land
zone' and arid region, and the number of landholdere and areas of the broad types of
agricultural and pastoral land use in each of them.

Land degradation treatment requirements vary widely between sites in the
arid zone. In recognition of thie, 15 "types of country' considered characteristic
of the arid zone were identified, delineated, and described in terms of their terrain,
scils, and vegetation. Assessments were made for each "type of country', but on a
regicnal basis to determine the regional situations and requirements. Five degrees
of severity of degradation were adopted for the arid zone. These are described in
Appendix A. The assessment for each region involved estimating the area suffering
each degree of severity of degradation for each "type of country'.

Treatment Measures

The objective of soil conservation treatment measures is to reduce or
neutraliee the impact of the causal agents of land degradation. Adoption of land
management measures and land use consistent with thie treatment objective is funda—
mental to the long term prevention and control of land degradationm. However, in the
many cases where land damage has already reached an advanced stage, improved
standards of land use and land management may not, by themselves, be sufficient to
rehabilitate the land surface. In such cases, special works, such as structural
erosion control measures or land drainage works, are alsc necessary. Where land
continues to degrade despite the adoption of conservation land management measures
and ercsion conirol measures, both the form and intensity of the land use must be
called in question.

Given this approach to the treatment of rural land degradation problems,
treatment measures logically fall into the four broad groups described below, which
were adopted for the assessment of the extent, type, and costs of the land degrad-
ation treatment requirements:

> Land Management Practices (IMP)

Land management strategies, including contour ploughing and other
cultivation practices and grazing management practices.

Practices are nearly always required, whether other measures are
necessary for land degradation prevention and control, or not.

. Land Management Works (1MW)

Capital items such as broad-acre structural works, e.g., earthen
banks and waterways, and fencing and waters for stock control.

Land management works are necessary in areas where land management
practices alone are insufficient to prevent land degradation at the
proposed intemsity of land use,



Erosion Control Works (ECW)

Capital works to control existing land degradation, including
concrete structures and special vegetative measures.

Eroeion control works are required where land management works
supported by land management practices will not control the
exieting, active land degradation. These worke are costly.
Normally they are only installed to prevent damage to land or
land improvements away from the degraded site, or toc stabilise
a landscape so that adjacent lande may be safely used given the
appropriate land management practices and land management works.

. Land Use Change (LUC)

Necessary changes in present land use for sites where a high
degradation hagard would persist, even with the application of
land management practices, land management works and eroeicn
control works.

Claseification of treatment measures into these four groups, that ie, their
allocation to IMP, LMW, ECW and LUC, provides a breakdown of conservation activities
in a form convenient for discussion of the divieion of responeibility, as between
the landholder and the larger community, for the implementation of the various
treatment measures required in & eoil conservation echeme. For instance:

. It can be argued that landholders should, in most cases, bear the
full cost of land management practices (IMP's) which are, or
should form part of standard farm management.

. Where worke produce both on-site and off-site benefits, i.e.,
reduce the adverse external effects of land degradation, there
may be a case for the community to meet a portion of the treatment
costB. Land Management Worke (LMW's) are essentially preventive
in nature, in that their purpose is to prevent land degradation
occurring under present or proposed land use. It could therefore
be argued that most IMW'e should be viewed as a development and
operational cost which should be substantially borne by the
landholder.

- The treatment measures applied tc severe, existing land degradation
(ECW'e) typically provide few direct or significant economic benefits
for the present landholder and often can only be justified in terms
of the external benefite brought tc the neighbourhood or nation.

For example, eroding gullies may provide rapid transit for large
quantities of sediment into main drainage systems in important
catchmente, but their control, while desirable from the viewpoint

of watershed management, may involve landholders in increased costs
without compensating increasee in gross retums. In such instances,
and particularly where land degradation predates the passage of soil
conservation legislation, or has been initiated by off=famm
degradation — as may occur through the advance of gulliee across
property boundaries - a case may exist for some form of cost sharing.



Situations calling for LUC solutions can arise in a variety of
ways, including some in which the landholder clearly has been
directly responsible for land miemanagement, and others in which
the requirement for change arises for reasone cutside the
landholdere control, as for instance where water supply catchmente
are proclaimed., With 1LUC's,; the fair allocation of costs as
between the landholder and the larger commmity can only be
acgessed on a case by case basis.

Six combinations of the groups of treatment measures were used in the
assessment:

IMP;

IMP + 1MW;

IMP + 1MW + ECW;
ECW3

IMP + ECW; and
10C.

Thece combinations were designated as treatment categoriee and are further
described in Appendix B. A conceptual approach to the application of practices and
worke to cropping land is shown in Appendix C and to grazing land in Appendix D.

The six combinatione require different advieory and technical inputs by
the so0il conservation authorities. Treatment Category 1 (IMP) requires mainly an
extension effort to promote the application of existing kmowledge of land management
practices. There are however, some land management practices, such as those related
to the surface management of soile used for grain growing in Queensland and northern
New South Wales, where current recommendations will remain tentative until additional
research has been conducted. Treatment Categories 2 (LMP + LMW) and 3 (IMP + LMW +ECW)
make the heaviest demands on the servicee of s0il conservation authorities because
the application of the measures includee both an extension effort and a considerable
amount of time spent on resource inventory, land use planning, and plan implementation.
Treatment Categories 4 (ECW) and 5 (I¥P + ECW) usually require lower planning and
implementation inputs.

Nine measures were identified as the main treatment measures required in the
arid zone. These are described in Appendix E. For compariscn between information
on the arid and non-arid gones in the assessment, the nine treatment measures were
classified into the IMP, LMW, ECW, and LUC groupings (See Appendix E).

The non=arid zone assesement included the estimation of the total ares of
land currently in each major type of agriculturel and pastorsl use requiring each
category of treatment. Where possible, those areas which have already been partially
or fully treated were aleo estimated.

Costing
Treatment costs were estimated in four categories:

(1) installation or establishment of land management practices
(1vP);



(i) installation of works, both land management worke (LMW)
and erosion control works (ECW);

(iii) maintenance of LMW and ECW; and
(iv) land use changes (LUC).

Average contract rates and retail eale prices at 30 June 1975 were used
for estimating costs in categories (i), (ii) and (iii). Estimates by local soil
conservation specialists of the reduction in the market value of land following a
change to a less damaging form of land use were used for determining costs in
category (iv).

It was considered reasonable to use contract rates as a basis for coet
estimating because:

. contractors already install many of the land management worke
and erosion control works;

. even when landholders use their own equirment (in many cases
specially purchased for soil conservation purposes) the cost
of owning and operating this equipment approximstes average
contract rates when allowance iz made for the time spent by
the landholder in carrying out the works;

. landholdere nearly always assiet soil conservation officers
in laying out ecil conservation works. Landholder's time
in performing this task is not included in the cost estimates
for installation of works;

. although many landholders build etructural works with their own
equipment, experience has shown that structures built by
experienced contractore are likely, in many localities, to
better withstand highly erosive rainfall events;

. landholders may lose income if they break their normal farm
routine to instal ecil conservation worke themselves;

. subsidy rates paid under many of the soil coneservation subeidy
schemes operating in Australia are based on contract rates.

Costs in categories (i), (ii) and (iii) are borne entirely by individual
landholders and other land users responsible for the management of land (e.g. local
authorities) except where the measures are subsidised directly through grante or
indirectly through taxation concessions. The costs of changes in land use, category
(iv), are normally borne by the landholder, except where resumption or a change in
land use is enforced by law, in which case the landholder may have a claim for
compensation. Government services to aseist landusers in the prevention or control
of degradation are provided at public expense, except in the few inctances where
landholders are charged for government technical services. Estimates of these costs
are not given in this paper.



Maintenance costs of works were estimated only in the non-arid zone because
lack of experience in most States and Territories precluded their estimation for the
arid gone., Many land management practices were not costed because of the absence
of reliable data. In the non-arid zone it was possible toc estimate the installation
and maintenance coste of only three of the eleven land management practices recommended
in Appendix C for various types of cropping land, and of only three of the nine '
racommended in Appendix D for grazing land.

Treatment measures applied in the non-arid zone prior to Jume 1975 were
valued at average contract rates and retail eale prices operating at June 1975.
Subtraction of these values from the total coste of treatment gave the cost of applying
the treatments still needed. Maintenance costs were estimated for the total treatments
required i.e. treatments applied prior to June 1975 and treatments to be applied after
June 1975.

Urgency

A three level system for rating the urgency with which treatment measures
might be implemented was applied to each category of treatment in each 'land zone!
or '"type of country'. The rating system, which was applied in both the arid and non-
arid zones was as follows:

(i) irreversible damage to the land resource or serious off-site
effects if no action taken to control degradation;

{ii necece to take action to aveid further loss of productivi
ary P
potential or to avoid undesirable off-site effects;

(iii) degraded situation but presenting no immediate increased hazard.
Two proformas, one for the arid zone and one for the non-arid zone, were

used for recording the above information on areas, costs and urgency of the treatment
measures required to control existing degradation under current land use.



AFPENDIX A

DEGRADATION CLASSIFICATION USED IN ARID ZONE ASSESSMENT

DEGRADATION DEGRADATION
CLASS CODE CLASS DESCRIPTION
0 Yo degradation
1 Vepetation degraded but little erosion
2 Small scalds and/or rills of thin sheeting
(<= 105% of area affected)
3 Large scalds and hummocking with or without thin
sheeting or gullies on lower slopes
(10-50% of area affected)
4 Large scalds and/or surface deflation, and/or

extensive sheeting, terracing or gullying
(= 50% of area affected)




AFFENDIY B

THEATHENT CATEGORIES CLASSIFICATION

TREATMENT " =
CATEGORY DEFINITION EXAMPLES

o Land requiring no special treat- "Prime" grazing or cropping
ment under existing land use land.

1 Land reruiring land management LHFP Less hazardous, sloping
practices cropping country requiring

gtubble mulching.
Strategic grasing of hill
aowrtrer.

Chisel seeding.

2 Land requiring land management MP Cropping land requiring
practices and works L contour ecultivation,

stubble mulching, contour
banks.

3 Land requiring erosion control MFP Eroded cropping country
works and land management works MU requiring contour cultiv—
and practices BOW ation, stubble mulching,

contour banks, waterways,
gully battering.

4 Land requiring erosion control ECW Gullying of stream systems
works only in grazing land.

Instable sand dunes re—
quiring establishment of
vegetation

5 Land requiring erosion control ECW Gullied, tunnelled,
works and land management IMF sheet eroded grazing land.
practices

[ Land requiring change to less LuC Cropping land that should
hazardous type of land use . revert to graging or

with forestry.
or
without | Detericrated grazing land
IMP, | to be excluded from use.
LMW,
! BECHW

IMP (Land Management Practices) — Cultivation or grazing management practices
e.g. pasture improvement, strategic grazing, temporary destocking, contour
cultivation, stubble mulching, broader rotation, subdivisional fencing.

IMW {Land Management Works) - Broad-acre structural works required to prevent
degradation
e.g. contour banks, waterways, stockwater dam.

ECH (Erosion Control Works) — Works to control existing erosion
e.g. concrete or rock structures, gully battering, fencing for erosion control,
tree planting for erosion control.

LUC (Land Use Change)
e.g+ changes in present land use where a high degradation hazard would persist.




APPENDIY C
TREATMENT MEASURES OF CROFPING LAND
The treatment measures required on cropping land can be grouped according to
three principles: so0il selection, soil management and water management.

Soil Selection

Each s0il type has an optimum management requirement. The purposes of soil
selaction are:

a) to allow different soil types to be treated according to their
specific needs;

b) to avoid, as far as possible, the incorporation of widely dif—
feremt s0il types into an area to be cropped according to
uniform management, as this may render some proportion of the
land liable to degradation because it receives less than opt-
imum treatment. '

Soil Management

So0il management has two objectives:

a) to retain soil cover to avoid the destructive action of rain-
drop impact and splash and wind blast and to reduce the
velocity of overland flow;

b) to achieve a soil condition that provides an optimum growing
mediun through its retention of gualities of structure,
stability, aeration, moisture and fertility.

Hater Management

The purposes of water management are:

a] to congerve water in the soil at a lewvel optimal for plant
growth;

b) dispose safely of excess water.

A list of recommended treatments for cropping land, based on the above
principles, is shown in Table 1. Many of the treatments listed interact to give an
enhanced result. The best mix of treatments wvaries according to locality. Cropping
areas prone to wind erosion have not been mentioned separately in the list. They
depend for their stability sclely on land management practices.



Table 1 THREATMENT MEASURES FOR LAWD DEGRADATION IN CROFFING AREAS

iﬁppendix c)

PRIVCIPLE OF LAND THEATMENT

THEATMENT MZASURE

TREATMENT GROUPING

Selective land management according

S50il Selection

Soil Cover

/

Soil Manapement
Soil Condition

Water Management

Disposal

| _to s0il type

Gover crop
Shorter fallow period
Optimun planting time

Adequate fertilization

Crop residue incorporation

Improved tillage practices

)

501l smendments
Improved rotations

Strip cropping

Retention — ] Contour cultivation

Graded contour banks

Grassed waterways

Gully stabilization

Land
Managpement
Practices
(1#P)

Land
Management
Horks (IMW)

Erosion
Control Works
(ECW)




APPENDIX D
TREATMENT MEASURES OF GRAZING LAND
The treatment measures required on graging land, although covering a broad
range of situations, can be grouped according to three principles: grazing
selection, grazing management, and water management.

Grazing Selection

Different pasture species or asscciations of pasture species vary in the
type of grasing management which they require. The purpose of grazing selection
is to avoid, as far as possible, the incorporation into one paddock of those types
of grazing requiring different management practices.

Grazing Management
The main objectives of grazing management are:

a) to maintain a pasture condition that will give a sustained
yield from a pasture of the desired composition;

b) to maintain a pasture cover to avoid the destructive action
of water or wind.

Hater Management

The purposes of water management are:

a) to conserve water in the soil at a level optimal for plant
growth;

b) to dispose safely of excess water.

A list of the recommended treatments based on these principles is shown in
Table 2. The selection and best mix of treatments varies according to locality.



Table 2 TREATMENT MEASURES FOR LAND DEGRADATION IN GRAZING AREAS

(Appendix D)

FRINCIPLE OF LAND TREATMENT THEATMENT MEASURES TREATHMENT GROUPING

Selective grazing management

Grazing Eelection :
Strategic fencing

Pasture species selection

Pasture Compopition- Adequate fertilization Land
Strategic burning Management
Grazing Kanagement PR EES

Stock type selection

. . . P
Grazing intensity (14P)
Fasture GCover Grazing rotation
Stock water distribution
Contour ripping Land
Retention —— Pasture furrowing Management
Hater Management Water spreading Works (LMW)
: | Diversion banks Erosion
Disposal
Gully stabiligation Control

Works (ECH)




AFFENDIY E

TREATMENT MEASURES IN ARID ZONE

CODE (AND GROUPINGS)

1 Destock (LUC)

2 Reduced stocking (IMP) and some fencing (LMW)

3 More watering points (LMW)

4 Mechanical treatment: pitting, furrowing,
chisel ploughing (ECW)

5 Water spreading (ECW)

6 Water ponding (ECW)

T Large structure (IMW)

8 Reseeding fertilizer (seed coat) (ECW)

9 Pasture management (IMP)




