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WMO

The World Meteorological Organization (WMO), of which 160 States and Territories are Members, is a specialized
agency of the United Nations.

It was created:

— To facilitate world-wide co-operation in the establishment of networks of stations for making meteorological observa-
tions as well as hydrological and other physical observations related to meteorology, and to promote the establishment and
maintenance of centres charged with the provision of meteorological and related services;

— To promote the establishment and maintenance of systems for the rapid exchange of meteorological information;

— To promote standardization of meteorological and related observations and to ensure the uniform publication of obser-
vations and statistics;

— To further the application of meteorology to aviation, shipping, water problems, agriculture and other human activities;

— To promote activities in operational hydrology and to further close co-operation between Meteorological and Hydrological
Services;

— To encourage research and training in meteorology and, as appropriate, in related fields, and to assist in co-ordinating
the international aspects of such research and training.

The machinery of the Organization consists of the following bodies:

The World Meteorologicel Congress, the supreme body of the Organization, brings together the delegates of all Members
once every four years to determine general policies for the fulfilment of the purposes of the Organization, to adopt Technical
Regulations relating to international meteorological practice and to determine the WMO programme.

The Executive Council is composed of 36 directors of national Meteorological or Hydrometeorological Services. 1t meets
at least once a year to conduct the activities of the Organization, to implement the decisions taken by its Members in Congress
and to study and make recomnmendations on any matter affecting international meteorology and related activities of the
Organization.

The six regional associations {Africa, Asia, South America, North and Central America, South-West Pacific and Europe),
which are composed of Member Governments, co-ordinate meteorological and related activities within their respective
Regions and miamine from the regional point of view all questione referred 1o 1them.

: The eight technical commissions, consisting of experts designated by Members, are responsible for studying any subject
within the purposc of the Organization. Technical commissions have been established for basic systems, instrumeints and
, methods of observation, atmospheric sciences, asronautical meteorology, agricultural meteorology, marine meteorology,
; hydrology, and climatotogy.

The Secretariat, located at 41 avenue Giuseppe-Motta, Geneva, Switzerland, is composed of a Secretary-General and such
technical and clerical staff as may be required for the work of the Organization. It undertakes to serve as the administrative,
documentation and information centre of the Organization, to make technical studies as directed, to support all the bodies
of the Orgamnization, to prepare, edit or arrange for the publication and distribution of the approved publications of the
Organization, and to carry out duties allocated in the Convention and the regulations and such other work as Congress, the
Executive Council and the President may decide. The Secretariat works in close collaboration with the United Nations and
its specialized agencies.
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FOREWORD

At its eighth session (1979), the WMO Congress endorsed the action
taken by the Executive Committee in approving a WMO Plan of Action in the
meteorological and hydrological aspects of the combat against desertification
(Res. 17 (EC-XXX)). The Commission for Agricultural Meteorology, at its
seventh session (Sofia, 1979), considered the importance of meteorology in
agriculture in arid and semi-arid and desert-prone areas and established a
Working Group on Agrometeorological Aspects of Land Management in Arid and
Semi-arid Areas with Special Reference to Desertification Problems. The
Working Group was asked to assess the meteorological factors which affect
aspects of land management in arid and semi-arid areas; study their impact on
desertification processes and the means for controlling them: and specify the
climatic data and other sources of information, including remote sensing,
required to assess better land management in these areas. The working group
was composed of Dr I. G. Gringof (USSR), chairman; Prof M. Garabatos
(Argentina); Mr F. A. Powell (Australia); Mrs 8. Ghardaddou (Tunisia); Dr D.W.
Fryrear (USA); Dr T. Boyadgiev (FAQ); Dr F. Fournier (Unesco); Mr M. M.
Verstraete (UNEP): Mr Y. El-Kawasma (ACSAD).

The present report is not exhaustive and does not include experience
from all parts of the world. It is intended to provide some basic information
required by meteorologists, agriculturists, pasture and livestock managers,
and others working in arid and semi-arid areas. .

I should like to take this opportunity to express the gratitude and
appreciation of the World Meteorological Organization to all members of the
Working Group and especially to its Chairman, Dr I. G. Gringof.

Pl oY 2\ B

G.0.P. Obasi
Secretary-General
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SUMMARY

The report identifies the meteorological factors which influence
land-use and management decigions in arid and semi-arid areas and their role
in desertification processes and control. It makes proposals and recommend-
ations for further study and for the monitoring of agrometeorological aspects
of land management in arid and semi-arid areas.

Agricultural production depends on the specific soil and climatic con-
ditions of particular areas. Therefore the science of agrometeorology has
been very much concerned with the assessment of moisture conditions, while
various relationships or indices between climatic and meteorclogical elements
and agricultural production have been evolved over the years. The first sec-
tion therefore deals with the assessment of these conditions in arid and
semi-arid areas, especially in rangelands where inappropriate land use,
over—cultivation and over—grazing can lead to land degradation and desert-
ification. Some of these relationships have proved useful in forecasting the
state and yield of rangeland pasture vegetation. The report then summarizes
the data requirements for assessing the primary production of pasture vege-
tation.

The next section of the report discusses the agrometeorological con-
ditions affecting livestock production. The most important factors such as
temperature and radiant heat, rainfall, wind, humidity and their effects on
the animals, especially cattle, sheep, swine and poultry, are discussed.
Pests and diseases are also mentioned. It is shown that the effect of meteor-
ological factors on insects can be either positive and beneficial, as in the
case of bees for the production of honey, or unfavourable, as in the case of
insect pests (e.g. tsetse fly, locusts, mosquitoes).

The following section deals with major anthropogenic and agrometeoro-
logical factors which contribute to the diminution of vegetation cover, both
in rainfed and irrigated agriculture. A description of the influence of mete-
orological hazards on desertification processes follows. The first topic dis-
cussed is drought as one of the most important causes of desertification and
an attempt is made to explain by some specific cases that drought and desert-
ification can interact and thereby be accelerated. Drought and desertifica-
tion processes in rangelands, rainfed and irrigated agriculture are dis-
cussed. In irrigated agriculture, it is emphasized that care should be taken
to avoid salinization and waterlogging; other causes of desertification, name-
ly fire, erosion, pests and poor rangeland management, and ways of assessing
their effects and controlling them are mentioned.

The last section of the report is devoted to the application of
remote—sensing techniques ({(satellites, aerial photography) for assessing and
monitoring the state and productivity of vegetative cover, soil moisture, sur-
face water supply and desertification, and some examples are given.

&
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Résumé

Le rapport identifie les facteurs meteorologlques qui 1nf1uencent les
décisions en matiére d'utilisation et d'aménagement des sols dans les reglons
arides et semi-arides, et le role de ces facteurs dans le processus de déser-
tification et la lutte contre ce dernier. Il contient des propositions et des
recommandations pour un examen plus approfondi et 1’ observatlon des aspects
agrométéorologiques de 1'aménagement des sols dans les régions arides et
gemi-arides.

La productlon agricole est trlbutalre des conditions pédologiques et
climatiques propres a telle ou telle région. La météorologie agrlcole a donc
fait une place 1mportante a l'évaluation des conditions hygrometrlques, et
divers indices ou corrélations entre les éléments climatiques et meteorolo—
giques et la production agricole ont €été é€laborés au cours des années. La
premiere section du rapport contient donc une évaluation de ces conditions
dans les régions arides et semi-arides, en particulier dans les terres de par-
cours ou une mauvaise utilisation des sols, le surpaturage et des cultures
trop intensives peuvent provoguer la degradatlon des sols et 1la de'sertlflca—
tion. Certaines de c¢es corrélations ont joué un rdle utile dans la prévision
de 1'état et du rendement de 1la vegetatlon dans les terres de parcours. Le
rapport contient ensuite une breve recapltulatlon des données nécessaires a
1'évaluation de la production primaire de végétation pour le paturage.

La deuxidme section du rapport traite des conditions agrométéorolo-
giques qui influencent la production animale. Il y est question des princi-
paux facteurs tels que la température et la chaleur de rayonnement, les
pluies, le vent, l'humidité, et de leurs effets sur les animaux, en parti-
culier les bovins, les ovins, les porcins et la volaille. Les parasites et
les maladies sont aussi mentionnés. Il y est constaté que les facteurs météo-~
rologiques peuvent avoir sur les insectes des incidences favorables — comme
dans le cas des abeilles pour la production de miel - ou préjudiciables, comme
dans le cas des parasites (mouches tse-tsé, criquet, moustiques, par exemple).

La troisiéme section du rapport traite des prlnmpaux facteurs agro-
meteorologlques et imputables a 1 homme qui contribuent a la réduction du cou-
vert végetal, aussi bien dans les régions de cultures pluviales gque dans
celles qui pratiquent 1'irrigation. L'influence des catastrophes d° orlglne
meteorologlque sur le processus de désertification est ensuite analysée. La
secheresse, l'une des pr1nc1pales causes de la désertification, est le premier
theme abordé et des exemples précis sont cités pour démontrer 1'interaction et
l'effet d'accelération réciproque de la sécheresse et de la désertification.
La sécheresse et le processus de désertification dans les terres de parcours,
les régions de cultures pluviales et de cultures irriguées sont analysés.
S'agissant des cultures irriguées, l'accent est mis sur la nécessité d'éviter
la salinisation et 1l'engorgement des sols; les autres causes de la désertifi-
cation - incendies, erosion, parasites et mauvaise gestion des terres de par-
cours - ainsi que les moyens d'en évaluer et d'en combattre les effets sont
aussi mentionnés.
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La derniere section du rapport porte sur 1' appllcatlon des techniques
de téledétection (satelhtes, photographies aériennes) pour 1'evaluation et la
surveillance de 1l'état et de la productivité du couvert végétal, de 1'humidité
des sols, des eaux de surface disponibles et de la désertification. Quelques
exemples sont mentionnés.

Pe3nmMe

B oTueTe OMpelenAwNTCA METEOPONOruMYyeckKue GaKToOpb, BAWAHEME HA 3EM-
Nenons308aHne U dIMMHUCTPATMBHBE pEleHMA B aPWUAHBX ¥ NOAYdPWMAHHX 30HaX, &
TaKXe PoOAb 3TMX DaKTOPOB B NPOUECCEe OMYCTHHMBAHMA M erc KoHTpoAe. JawTcA
NPEAN0OXEHUA M PEKOMEHAAUMKM MO0 JajbHEAwleMYy W3YUEHWH W MOHUTOPDWUHTY arpoMe-
TEOPODAOrMUYECKUX acneKTOoB 3eMAen0AbL30BAHMA B aPUAHLIX W NOAYAPUAHLIX 30HAX.

CenAbcKOX03ACTBEHHOE NPOM3BOACTBO 3aBUCUT 0T KOHKPETHHX MOUB #
KAMM3TUUECKWUX YCAOBMIA OMPEJeNeHHbX paioHoB. M03TOMY arpoMeTeopofcruyec-
KaAd HayKa B 3HAJYMTENLHDA CTEeneHk 3aHATE OUEHKOA YCNOBWMA BAaXHOCTH, B TO
Xe BpEMA HA MPOTAXEHUH Dﬂﬂa-ﬂeT BLABAEHH PpasnuyHbie B3aUMOOTHOWEHWA WAK
UHABKCH CBA3KW MexAY HAWMETUUYECHKWMM W METECPOADIUYECKMMHK 3INEMEHTAMK U
CeNbCKOXD3AMCTBEHHYM MPOM3BOACTBOM. flepBhii pa3jen 0TYET3 NOCBAWEH CUEHKE
3TUX yCcADBM#A B NOAyapuliHbHX 30HaX, B CCOOEHHOCTW Ha nactduiuax, rie Hempa-
BUALHOE 3EMAEN0AbL30BaHME, W3RMULHAA 06padoTHa ¥ W3JWWHWA BHAAC MOrYyT MNpU-
BECTW K Jerpajausm W onycToHWBaHWW 3eMenb. [lOATBEPXAEHE MOJAE3HOCTb HEKO-
TOPLX W3 3TUX B3aUMOCBA3EW NPX NPeACKA3aHWW COCTOAHWMA M YPOXEA PaCTUTENb-
HOI Macch Ha NacTOMUHBIX YFOAbAX. 34TEM B OTYETE Pe3WMUPYHTCH MNOTPEGHOCTH
B AdaHHHX AR OUEHKM NEPBWYHOM MPOLYKTMBHOCTWU PACTUTEALHOCTM Ha macTOuuax.

B caeiywuwem pa3jese DOTUETa PpaccMaTpuBawTCA arpoMeTeD0PO0AOFUYECKUE
YCNOBMA, OKas3WBamWue BAWAHME HA XUBOTHOBOACTBO.  (OdcyxaawrcA BOMNPOCH,
CBA3aHHWe C Haudonee BaxHuMW QaKTopaMu, TaKWMKM, KaK TemnepaTtypa U uHppak-
pacHas pagnauus, ocalku, BeTep, BAAXHOCTb M KX BAMAHME HA XWUBOTHHX, B
0CcodeHOCTH HAa KPYNHLH pOraThid CKOT, OBeU, CBMHER W JOMAWLHIOKW NTWLy. Yno-
MUHAKWTCA TaKXe 3nNUM30TUU U doAae3HW. T[loKas3wBaeTCA, UTO BAUAHME METeopoAal-
rMyecKkux (¢aKTopoB HAa HACEKOMLIX MOXET GbTb TAKXEe NOACKMTENbHHM W BHUCPHIL-
HbM, KaKk A8 N4YeJ0BOACTBA NPWU NPOM3BOACTBE Meja, WAW HEGAAronMpUATHLIM, Kak
B CAyyae HaceKoMux-BpeauTenein (Hanpumep, Myxa ue-ue, capaHuya, KOMapu).

Chrejywouuid pasjea noceAlaetTcA raasHuM aHTPONOreHHHM W arpoMeETeopo-
AoruyeckmM HaKkTopaM, KOTOPbE BHOCAT CBOW BKAARX B YMEHbWEHWE PACTUTEALHOID
NOKPOBa KaK Npu 0OrapHOM, TaK W NpW OpoWaeMoM 3eMAeiefnn. CrejyeT onwuca-
HWEe BAWAHWA QOMNACHHX METEOopPOAOrMUYECKWX ABAEHWA HE& NPOUEecch ONYCTHHWBEHWUA.
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SUMMARY

lepBbHM BOMPOCOM, KOTOPHWI M3JaraetcA, ABAAETCA 3aCyXa KaKk 0fZHAa U3 Haudoaee
BAXHHX MPUYMH ONYCTHHMBAHWMA, & TaAKXE JenaeTcA NOMbTKA BHECTW ACHOCTL B
HEKOTOPLWE KOHKPeTHhe cAayyau, nNPu KOTOPHMX 3acyxa M ONYCTHHUBAHWE MOryT
B3aMMOJEMCTBOBATL WM B3auWMHO YCKOPATbHCA. W34arawTcA BONPOCH, CBA3AHHHE C
NPOUBCCOM 3aCyXM W ONYCTHHWBAHUA Ha NACTOMUHBX 3eMAAX NPU 0OrapHoM W Opo-
waeMoM cnocodax 3emaegenva. [py MNOAMBHOM 3eMejenndy OCOGHHA ynop Jenaertcs
Ha BHWMaHWe, KOTOPOE J10AXHO OuTb YIENeHO TOMY, Kak W30E€Xatb 3ac0AeHus u
nepeysAaxHEeHMA; YNOMAHANTCA Apyrue NPUYMHB OMYCTHHMBEHWA, & WMMEHHO: NO-
Xap, 3p03uA, BPEAUTEAM M NA0X0e YNpaBieHWe NacTOMWUHHM XO3AACTBOM, 8 TaKxe
NYTU OUBHKWU UX BAMAHMA W KOHTPOAAR 33 HUMU,

flochegHKUM pasien OTYeTa NOCBAWUBH MNPUMEHEHWI MeToA0B AUCTAHUMOHHO-
ro 30HAMPOBAHUA (CNYTHUKMK, aspofoToch eMKa) A48 OUEHKM W MOHWTOPWHFE COC-
TOAHWA NPOLAYKTWUBHOCTWU PAcTUTEALHOr0 MNOKpoBa, MOYBEHHOW BAaru, BojocHagxe-
HUA Ha OCHOBE MOBEPXHOCTHHX BOJ W OMYCTHHMBAHUA, a TaKxe NPUBOAATCH HEKO-
TOPpHE MPUMEDYH .

Resumen

El informe identifica los factores meteoroldgicos gque influencian el
aprovechamiento de tierras y las decisiones de ordenacidén en zonas aridas y
semidridas y su funcién en los procesos y el control de la desertificacidn.
Hace propuestas y recomendaciones para otros estudios y para la vigilancia de
los aspectos agrometeorolégicos de la ordenacién de tierras en zonas aridas y
semiaridas.

La produccién agricola depende de las condiclones especificas y cli-
matoldgicas del suelo de determinadas zonas. Por consiguiente la ciencia de
la agrometeorologia ha acordado gran interés a la evaluacién de las condicio-
nes de humedad, mientras que las diversas relaciones o indices entre los ele-
mentos climiticos y meteoroldgicos y la produccién agricola han ido evolucio-
nande en el transcurso de los afos. La primera seccidén se ocupa por lo tanto
de la evaluacién de esas condiclones en zonas aridas y semiadridas. especial-
mente en terrenos de pastos donde el aprovechamiento inadecuado de la tierra,
debido al exceso de cultivos y de pastos puede conducir a la degradacién y
desertificacion de la tierra. Algunos de estos vinculos han sido Utiles para
la previsién del estado y el rendimiento de los pastos en los terrenos de
pasto. El informe resume después los datos que se precisan para evaluar la
produccion basica de pastos.

En la sigquiente seccidén del informe se analizan las condiclones agro-
meteorolégicas que afectan la produccidén pecuaria. Se examinan los factores
principales tales como la temperatura y el calor radiante, la lluvia, el vien-
to, la humedad y sus efectos sobre los animales, especialmente el ganado vacu-
no, ovino, porcino y las aves de corral. Se menclonan también las plagas y
1as enfermedades. Se demuestra que el efecto de los factores meteorologicos
sobre los insectos puede ser positivo y benéfico, como en el caso de las abe-
jas para la produccién de miel, y desfavorable, como en el caso de las plagas
de insectos (por ejemplo la mosca tsetse, las langostas y los mosquitos).
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La siguliente seccidn se ocupa de los principales factores antropogé-
nicos y agrometeorolégicos que contribuyen a la disminucién de la cubierta
vegetal, tanto en la agricultura de secano como en la de regadio. Describe a
continuacién la influencia de los riesgos meteorolégicos sobre los procesos de
desertificacién. El primer tdpico que se examina es la sequia como una de las
causas mas importantes de la desertificacidén y se trata de clarificar en algu-
nos casos especificos que la sequia y la desertificacidn pueden ser factores
mutuos de interaccidn y de aceleracidén. Se examinan la sequia y los factores
de desertificacion en los terrenos de pasto, la agricultura de secano y la de
regadic. Se subraya que en la agricultura de regadic deben tratar de evitarse
la salinizacién y el encharcamiento. Se mencionan también otras causas de
desertificacion a saber el fuego, la erosidén., las plagas, un aprovechamiento
deficiente de las zonas de pastos y la manera de evaluar sus efectos y con-
trolarlos.

La dltima seccidén del informe se consagra a la aplicacidén de las téc-
nicas de teledeteccidén (satélites, fotografias aéreas) para evaluar y contro-
lar el estado y la productividad de la cubierta vegetal, la humedad del suelo,
el suministro de agqua de superficie y la desertificacidén y se citan en ella
algunos ejemplos.
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PART 1

1, APPLICATION OF AGROMETEOROLOGICAL DATA TO LAND MANAGEMENT IN ARID
AND SEMI-ARID REGIONS

Introduction*

Agricultural production is not infrequently called "a plant in the open
air” as the greater share of its production is reclised directly under natural con-
ditions., (Yu, I, Chirkov, 1979,)

The management systems of agricultural production ore developed by man in
o differential way depending on the specific soil and climatic conditions of par-
ticular areas. "Soil ond climate are the principal and most important factors in
crop-forming, the primary and inevitable determinonts of yields." (V. V. Dokuchaev.)

Rationel plocement of various branches of agriculture, of individual culti-
vated crops and animal breeds, os well os agrotechnical terms, and systems and types
of agricultural equipment ore to o lorge extent dependent upon climatic conditions
of the orea aond specific weather in the region of agricultural activities. In this
connection the author would like to quote the outstanding founder of climatology and
ogrometeorology in Russia, A. I. Voeykov, who wrote that "meteorologicel conditions
ore of utter significance for agriculture; men has to study climate to turn its good
aspects to mankind's advantage, and whenever possible to eliminote its odverse
impacts, but to this end a lot of continuous and strenuous work is necessary;
thorough study is needed to achieve success." (A. I, Voeykov, 1957.)

L. P. Smith writes in his book '"Methods in Agricultural Meteorology'**:
"There is little doubt thot in certuin countries there is o highly efficient state
of affoirs in regard to the sensible use of lond for agriculturql purposes. It is
true thot there are changes from time to time, induced by economic circumstances, or
by minor fluctuations of climate, or by technical developments, but in the main they
are in a good state of proved relationship with soil and climate.

There is also little doubt that mojor changes or development plans for the
long-term strategic use of land involve heavy outlays of capital for greater than
the operational costs in any one season. It is therefore all the more important that
such changes or plans should be based on a sound appraoisal of the climatic odvontages
ond climotic risks., The science of agroclimotology aims at the interpretation of
the climate or the expected variety of weather over o decade or so in terms of the
most suitable form of crop production or animal husbandry.

If all the agrometeorologiccl relationships were known so that each facet
of the weather was correctly linked to each effect it has on agricultural processes,
then it would be theoretically possible, no matter how intricate and laborious, to
interpret the climate or consensus of weather into terms of land use. Manifestly
this is not so; therefore, o state of affairs arises whereby progress tokes place
at both levels. A summory of ogricultural events is linked to the summory of weather,
and the relationships so implied are subjected to checksby agrometeorological investi-
gations. For example, comparison of the areas wherein a given crop is grown, and
where the highest yields are obtained, with the climate of such areas can give useful
information regarding the weother limitations of the crop ond the optimum growing
conditions. Conversely, reliable findings in one particuler aspect of egrometeorology

* by I. G, Gringof (USSR),

**_. P. Smith "Methods in Agriculturol Meteorology", Elsevier Scientific Publishing
Compony, Amsterdam-Oxford-New York, 1975, p. 12-13.
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can be used as a criterion when extrapoclating crop-weather relationships and helping
in the correct introduction of o crop into o new area."

In agricultural practice (crop farming and stock breeding), ossessment of
soil moisture conditions for crops ond noturcl mecdow end pasture vegetation is very
often made by ogronomists using total precipitotion for a year or its growing season.
Such an approach is known to result in serious errors when objective characteristics
of soil moisture conditions are prepared. Thus for exomple, in the zone of foothill
ploins and lower highlends in Uzbekiston and the Kola Peninsula, long-term average
precipitation is 300-350 mm. However, in Uzbekistan this amount is sufficient only
for spring vegetation of crops and natural grasses that,if there is no further preci-
pitation,stop growing ond wither at the beginning of high summer temperctures.
Further growing of crops is only possible under irrigation. As for the Kola Peninsulag,
the same amount of precipitotion creates excessive moisture conditions for crops.

This paradox is explained by the difference in the temperature regime of
the territories considered and hence in unequal potentiol evoporotion, In Tashkent
it is 1 200 mm/year and on the Kola Peninsula, 300 mm/year.

Therefore, for agrometeorological support of agricultural production the
assessment of moisture conditions is made using the ratio of the precipitetion amount
to potential evaporation,

Let us consider some of these methods. As for back as 1928, Selyaninov
suggested the assessment of moisture conditions of o territory using the hydrothermal
coefficient (HTC)} where

2 r
012+t

where Zr is the total precipitation for the growing season {mm), 0.12Zt is the
potential evoporation {mm) opproximotely equal to the sum of mean daily air temperc-
tures divided by 10 for the period when they constantly exceed 10°C.

HTC =

Moisture conditions in various climatic zones are assessed with the help
of this coefficient, but, as a rule, moisture conditions of individual yeors differ
from their long-term averoge values. Therefore ¢ toble of probobilistic ‘
characteristics of moisture conditions in various natural zones (after Chirkov, 1979},
is presented {see Table 1).

Shashko (1967) proposed an index of moisture conditions (K):

r
K= 33

where r is the total annual precipitotion (mm), = d is the sum of vopour pressure
deficits (hPq).

Ivanov (1948) calculates K using the rotio of the total annual precipitation
{r in mm} to the total annual potential evaporation (F)
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Table 1 - ili f ars with various moisture conditigns in
vorious naturgl zones

Probobility of years with various
Long=term st dits (2)
Natyral zones average HTC Molsture conditions
for the
. ) . With
period with Very . Slightly .
£ > 10°C Dry arid Arid arid Wet excessive
moisture

Toigo {excessively > 1.6 0 0 5 10 25 60
humid)
Toiga and deciduous 1,6-1.,3 0 5 10 25 30 30
forest (humid)
Forest-steppe {(in- 1.3-1.0 0 15 25 30 20 10
sufficiently humid)
Typical steppe 1.0-0.7 10 25 35 20 5 5
(arid)
Dry steppe 0.7-0.4 35 45 15 5 0 0
{very arid)
Semi-desert 0.4-0,2 75 20 5 0 0 0
Desert <0.2 98 2 0 0 0 0

Alpatiev (1969) determines K as follows:

1
0.65 2d

W, - W, +r1
2
K=——————
where:
Wl is available moisture supplies (mm)at the beginning of vegetation;
W2 is moisture supplies when a particular crop ceases vegetation;
Zr is the amount of precipitation {mm) during the growing season;

S d is the sum of mean doily deficits of air humidity (mm) during the
growing season,

Budyko (1971) expressed IMC by the formule:

r

MC = — —

0.18 2t

where r is the annual precipitation {(mm) and 0.18 Zt° is the potenticl evaporation
equal to the sum of temperatures multiplied by 0.18 for the period with air
temperatures »>10°C.
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The productivity of above-ground mass of plant communities (agricultural
ecosystems) is determined by main climatic factors, namely, the amount of heat and
moisture (Grigoriev, 1954; OGrigoriev, Budyko, 1965; and others). Another example
of ossessing the effect of heot and moisture upon the distribution of biomass,over
climatic zones is the use of annual values of radiction balance (R in kcal/cm™/year)

and the radiation index of aridity J = E% ; where Lr is the omount of heat in kcal
required for the evaporation of annual precipitation (r).

Using the above method, Grigoriev and Budykc (1956, 1965) concluded that:

{1} The productivity of plant communities gttains a maximum at some optimal
value of %r close to unity and the decreuses at constant R and at the change of gr
values in both directions from an optimal one;

(2) At optimal %& the productivity of ecosystems is the higher the larger
absolute values of R and Lr.

From E} it follows that the value of the radiation index of aridity exceed-

ing unity means excess of warmth and insufficient moisture conditions in the land,

The index value lower than unity means excessive moisture conditions.
According to this method, R and Lr are colculated from average long-term data,

R . . .
While comparing R and Tr with the amount of the annugl increment of biomass
(average over territory ond average for many years) in centners of dry motter per

unit area (hectare) in individual natural zones, Drozdov (1969) obtained a table
given below in an incomplete form (Table 2).
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Table 2 - Indices of productivity and heat and moisture regime
(after Drozdov, 1969)

&

Plant Annual R R
communi ty . increment
or zonal Location of biomass (kcal/cmz/yecr) ;
landscape (centners/ha) (kcal/cm/year)
Tundra Koryak Land, 25 16,7 0.41
peninsula
Kamchatka, USSR
Toiga Arkhangelsk region, 79 28.0 0.73
USSR
Birch forest | Moscow region, 111 33.0 0.76
USSR
Ook forest Voronezh region, 81 36.0 1,03
USSR
Beech forest | West Europe 130 40.0 0.70
Meadow steppe| Kursk region, 104 36.0 0.95
USSR
Dry steppe Askaniya-Nova, 87 46.0 1.84
USSR
Desert steppe| Mongolian People’s 24 37.0 2.28
Republic
Anabasis- Plato Ustyurt, 12 45.0 5.77
Artemisio USSR
Poa-Artemisial| Syria 24 66.0 4,81
Dry savannch | India 73 73.0 2.38
Savannah Ghana 150 67.0 0.93
Subtropical Japan 205 68,0 0.69
laurel forest
Tropical rain| Thailand 320 70.0 0.47

forest

Figure 1 shows the relationship between the productivity of ecosystems and

moisture conditions expressed by the radiation index of aridity (E kccl/cmzfyeqr).
P L

I

As can be seen, the annuol increment decreases with increase of the aridity index
and the character of the relotionship is different in various thermal belts.
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Figure 1 - Total annual increase {centner/hectare) in zonal plant communities
as a function of moisture conditions in various thermal belts:

1 - Moderately warm belt
2 - Warm belt
3 - Very warm belt

(after Drozdov, 1969.)

Figure 2 presents the relotionship between the productivity of ecosystems
and radiation balence R (heat index). The annual increment of biomass increases
with increase in R, the charocter of the curve being different in various sections

of R values,

centner/ha.
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2
kcal/em™, year
Figure 2 - Relutionship between total annual increase {centner/

hectare}, in zonal plant communities and radiation balance
(kcal/cm“+year) at values of the aridity index: (1) from
0.4 to 1.4, (2) from 1.5 to 2.5. (after Drozdov, 1969 )
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More detailed climatic characteristics of notural pasture zones in West
Siberian lowland, ploins in Kazakhstan ond deserts in Central Asia (USSR) are
given in the book by Fedoseev (1964). Table 3 below summarizes them.

It is well known that a non-uniform seasonal distribution of precipitotion
is a characteristic of desert territories of the temperate zone. In this connection
the application of annual values of meteorological parameters to desert areas may lead
to errors in the establishment of relationships between the productivity of ecosystems
and their moisture conditiaens,

The Desertification Map of the World prepared for the opening of the WN
Conference on Desertification (UNEP, FAO, Unesco and WMO, 1977) in the scale of
1:25M gives the following charocteristics of bioclimatic zones calculated from the
formula:

T

Z EPT

where r is the annual precipitotion (mm) and £EPT is the sum of the actual evapo-
transpiration (in mm/year).

The mop distinguishes the following bioclimatic desertification zones:

Very dry zone - <0.03;

Dry zone - 0,03 - 0,20;
Semi-arid zone - 0.20 - 0,50;
Zone with insufficient moisture - 0,50 - 0.75.

Thus, various methods exist for estimating the effect of weather conditions
(meteorological factors) on the heat and moisture conditions of vegetative cover (eco-
systems) in various natural zones, and specifically in desert and semi-desert areas.
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Takle 3 - Some climatic chargcteristics of noturcl zenes (after
Fedoseev, 1964)

R Lr R Annual Annual Annual
Natural zonei (kcal/ (kcal/ Lr precipitation sum of increment of
and subzones cm /) cm2 (mm} positive air | vegetative
year temperatures matter
year) (centner/ha)
Arctic semi-desert | <4 13 <0.3 220 < 150
Arctic tundra 4 14 0.3 240 180
North tundra 8 16 0.5 270 540 12
South tundra 12 19 0.6 325 900 12
North taiga 15 29 0.5 490 1320 15
South taiga 20 25 0.8 420 2050 50
Broad-leaved 32 32 1.0 540 2800 56
forest
Meadow steppe 23 20 1,2 325 2350 15
Typical cereal 26 17 1.5 280 2730 10
steppe
Desert steppe 27 12 2,2 200 3300
Typical steppe 31 8 3.9 130 3740
Ephemeral semi- 35 6 5.8 100 5500
shrub desert

*The names of naturgl zones and subzones and data on the annual increment of biomass
are given according to Lavrenko, Andreev and Leontiev (1955).

A fairly complete list of drought definitions based on meteorological and
hydrological porameters, soil moisture conditions and crop yields is given in "Assess-
ment of drought" by Hounam, CAgM-V/Doc. 22 (1971) aos well as in the report prepared
by the CAgM Working Group on the Assessment of Drought end Agriculture, published as
Technical Note No. 138 (WMO-No. 392), 1975,

A historical selective survey of drought indices is given by Landsberg in
his paper "Drought, o recurrent element of climate", published in Special Environmental
‘Report No. 5, "Drought-Lectures presented at the twenty-fifth session of the WMO Execu-
tive Committee"”. WMO-No, 403, 1975. Since it covers the principal meteorological
parcmeters describing various degrees of aridity, we ore reproducing it here with o
reference to its author,
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HISTORICAL SELECTIVE SURVEY OF DROUGHT INDICES (after Landsberg, 1975)

R. Lang (1915): Rain factor index % { <40 arid)
E. de Martonne (1926): Index of aridity T:Ea {< 5"desert")
P.
C. W. Thornthwaite (1931): P/E index P/E = JXMT 1,65 (——i) 910 p/e <51
t.+12,2 . .
i semi-arid
P/E <16
0.7 arid
J. A, Prescott (1949): Effective rainfall = 0.54 E”*
1 p 12p,
R. Capot-Rey (1951): Improved aridity index = ( 2

2 T+0 T t.+10

T+x

H. P. Bailey (1958):PE = P/1,025 (< 4,6 semi—ciid boundary)
t.

P. Moral (1964):Monthly aridity boundary p, = == -t +20

1.0
W. C. Polmer (1965): Drought severity index X, = ; —==H£:E—=r—— / (0,317+2,69)
i 1=l (PE+R)/(P+L)
A. Y. M, Yao (1969): Moisture stress index MSI = E/PE
ET =S5 + P SAGCS
A o]

Simple indices: Meteorological 250 mm isohyet border of aridity
400 mm isohyet border of semi-aridity

Agricultural < 90% of average crop yield

n
); E.
Statistical meosures: Absolute average voriability Vg = i = H Ei = pi—ﬁ
(Conrad, 1941)
lOOva :
Relative variability V.= TS
p
Coefficient of varigtion Cv = lgg£2
P
Symbols
P or ; Mean annual precipitation (mm)
E Actual annual evaporation or evapotranspiration {mm)
Py Individugl monthly precipitation (mm)
P Climatically appropriote woter balance for existing conditions
Empirical coefficient
Recharge (mm)
Sa Soil moisture loss (mm)

T Meon annual temperature °c
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PE Annuval potential evapotranspiration (mm)
Individual monthly temperature (°C)

Number of months

t

1
T
L Loss (mm)
So Antecedent soil moisture (mm)
s}

Standard deviation

1.1 Grazing lands¥®

The seasonol development, growth and yield formation of pasture plants in
arid and semi-arid areas ore determined by a whole set of ecological factors. The
most unstoble factors, varying in both time and space, are temperature regime and
rainfall omount as well as the rain's intensity.

Correct use of data on these moin factors which determine plant growth in
arid regions permits an assessment of the agrometeorological conditions for plant
growth and forecasting of plant development, growth and yield formation. In order
to do this, the following actions ore necessaory:

(1) Regular meteorological observations at the standard times adopted in
the particular country for meteorological stations (6);

(2) Soil moisture observations (8):

(3) Observations of the natural vegetative cover (pasture) (2, 5),
including:

* Phenology;,
s Growth;
s Status,

« Dynamics of yield formation,

The botonical composition of desert and semi-desert pasture types includes
representatives of several plant genera, species and types with different fodder
values, development rates and biomass-accumulation dynomics, Before making agro-
meteorological observations, it is therefore first necessary to select the main -
pasture plants which have most fodder value. For example, in wormwood/grasslands, the
most important fodder plants are wormwood itself (Artemisio sp.sp.), annual grosses
{Bromus sp,sp. and Eremopyrum sp,sp,), legumincsce {of the species Astragalus and
Hedisarum), etc. The plants forming the basis of the plant community ore described
in botany as edificators and in agrometeorology as indicators.

Frequently, the same plant has different local nomes in different parts of
a country or region which complicates the processing, comparison and generalization
of observational data. The eliminotion of errors in the selection and naming of
postureland indicators must be done by speciolists in geo-botany or pasture menagement,
or by agrenomists.

Other requirements are regular and simultaneous observations throughout the
station network and the careful preparation of tables in an established formot.

*by I, G, Gringof (USSR)
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Soviet experience in this field convincingly shows the need to include agro-
meteorological observations of pasture vegetation in the work progrommes of meteoro-
logical stations.

As far as possible, the plots for observing pasture indicators should be
selected in the immediate vicinity of the weather station and in similar terrain,
This avoids the influence of other conditions of relief, soil and microclimatic
peculiarities.

1.2 Rangelands (primory production): Identification and role of meteorological,
climatological, hydrological and agrometeorological factors in the assess-
ment of pasture growth

The main climatic cause of deserts ond semi-deserts in noturally arid and
semi-arid areas is the moisture deficit, since the omount of precipitation can be
exceeded by potential evaporation seven to 30 times.

The mean annual rainfall amount is usually 60-175 mm but it is unevenly
spread over the seasons and fluctuates sharply from year to year, In some ports of
the world, it is even less (e.g. 9 mm in the Tokla-Makan and less than 100 mm in oll
tropical deserts, whilst in a number of regions in North and South-west Africa and
in western parts of Socuth Americao there may be no rainfoll at all for several years).

Desert and semi-desert oreas in the temperate, subtropical and tropical
latitudes (except mountainous regions) are characterized by high temperatures in the
summer and large diurnal and seasonal fluctuations in both air and surface temperatures.

In deserts in ghe temperate belt, moximum oir temperotures reach +50°C and
in the tropical belt +58 C.

The soil surface in summer is heated up to +80° or +90°C,the daily air
temperature range is 20230% and the annual range 90°C. The high summer temperatures
combined with the rainfoll deficit, dryness of the upper soil horizons ond frequent
winds produce a low relative air humidity (14-20%).

Let us consider this in greater detail toking as on exomple the arid and
semi-arid areas in the Soviet Republics of Centrol Asia ond Kazakhstan.

The annual rotation of the earth around the sun causing changes in the
circulation of the atmosphere produces, das is well known, the seasans,

In temperate zones the division into four seasons (winter, spring, summer,
autumn) is based upon astronomical signs associated with the sun's position over the
earth's surfoce,

Peculiarities in the development of the atmospheric circulation in arid
zones are seen, in particular, in irregulor precipitation during the year and its
severe shortage in the hot summer months,

Analysis of observation data on the development ond growth of natural
pasture vegetation in the desert zone of Central Asion republics together with
meteorclogical data has revealed four pasture-climatic seosons: cold moist winter,
warm moist spring, hot dry summer, ond worm moist autumn. This was done using agro-
climatic indices of thermal conditions and charocteristics of moistening by precipita-
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tion (Balashova et gl., 1961; Babushkin, 1964; Gringof, 1967). The climatic
peculiarities of descris determine the seasonal development of their pasture vegeta-
tion,

(a) Cold moist winter

In the desert zone of Central Asio and Kazakhston, the winter begins when
the mean daily air temperature becomes persistently lower than +5°C and finishes when
it persistently exceeds this value,

In the north of the Central Asian deserts, winter begins in the first ten-
day period of November, in the central regions it begins in the middle of November
and in the south at the end of November or the first half of December. However,
periods when mean daoily air temperatures do not exceed +5°C for o long time vary
annually from 1 to 1.5 months.

In the south of Central Asic the winter (with temperatures below +5°C)} is
not long {20-30 days) but further north it lasts 130-145 days,

In the most severe winters the period of "genuine winter" is clearly
defined, since mean daily temperatures are persistently below 0°C and the vegetative
cover passes into complete winter dormoncy, "Genuine winters" are observed in
Central Asian deserts every year, but they last 10-15 days in the south ond up to
105-127 days in the north.

In the warmest years, the so-called "vegetational winters" are observed when
the vegetation of plants is not interrupted for more than 10 days owing to the thermal
conditions (Babushkin, 1953), In various parts of Centrol Asian plains the frequency
of "vegetational winters" is different. The January +4°C isotherm limits the area in
which most winters ore "vegetational™ (south-western part of Turkmenistan); the +2°¢C
and 0°C isotherms limit the areas with 80% and 60% of "vegetotional winters", res-
pectively, and the -2°C isotherm limits the area with 37% of such winters,

The Jonuary -6°C isotherm limits the area with an absolute prevalence of
"genuine winters" (Babushkin, 1964),

For example, in the region of the town of Kerky 85% of years have "vegeta-
tioncl winters", in the region of Tashkent 43% and that of Khiva only 15%.

Winter vegetation of pasture plants is only observed at sufficient moisten-
ing of upper soil horizons (over 4 mm in the 0-20 cm layer of sandy soil and equal to
or over 10 mm in the some loyer of clay soil) and at ¢ir and soil temperatures ohove
+5°C. Because of instability of the temperature regime in winter months as well as
its choracteristic diurnal voriations, the vegetotion of plants occurs intermittently.
(Burygin, 1957). Plonts, whether onnuols, perennials or some semi-shrub forms, are
cble not only to use scant doy-time heat in winter months actively but also to display
high frost resistance during sudden intrusions of cold air mosses or ot night tempera-
ture minimum,

In some warm winters, ephemers have time to go through all the stages of their
development from emergence to flowering. However, very often the intrusion of cold air
masses stops vegetation of plants in blossom which lose "winter" hardiness,
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Winter vegetation of plants is naturolly possible only if there is some
moisture in soil, On the average, in winter about 20%, 25-50% and 30-40% of annual

normal precipitation respectively falls in the north, central and south of
Centrol Asian deserts.

The winter moistening significantly affects the moisture supply regime in
the rooting loyer because evaporotion from soil surface is negligible at this time,
However, part of precipitation is spent on surface runoff and evaporation and part
is ocecumulated in the soil horizons, According to Fedoseev (1964), in Kazakhstan
the coefficient of winter precipitotion acecumulation in the 1 m layer of brown,
sondy cloy ond clay soils is equol to 0.77, 0.70 and 0.62, respectively. In the
Betpuk-Dala desert this coefficient averages 0,75 for brown sandy clay soils
{Beloborodova, 1964).

Comparison of total precipitation during an autumn-winter period from
1 October to the date when mean daily air temperature exceeds +5°C (the beginning
of spring) with moisture supplies in the soil layer of 0-50 e¢m on the above date in

Kyzylkum,has mode it possible to establish correlations for various soil types
(Table 4).

Table 4 - Available moisture supplies in the soil (y) at the
beginning of spring (os a function of total guiumn-

winter precipitation (x))

Soil Regression Regression Error of
type equation coefficient equation
(mm)
Sondy desert y = 0.531x- 3.07 0.81 * 0.03 : 9.8
soil
Grey-brown y = 0.427x+ 1,42 0.78 ¥ 0.03 9.4

desert soil

The use of these equations allows one to fill the gop in available data
on moisture supplies on the date of the beginning of vegetation,

In the south of Central Asic winter ends (and spring begins) in February-
early March and in the north in late March-early April (Ploteau Ustyurt).

(b) Warm moist spring

Increase in mean daily air temperature (> + 5°C), and in duration of day-
light signifies the beginning of spring, i.e., the first stage of o warm growing
season,

In the north of Central Asian deserts, last spring frosts occur in the
middle of April, and in the south in the first half of March.
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Babushkin (1964) established the dependence of overoge dotes of last
spring frosts in Central Asion valleys upon average dates when mean daily air tempera-
ture exceeds +5°C in spring.

y = 0.93x - 0,27, r = 0.93 ¥ 0.01

where x is the cverage date when mean daily gir temperature exceeds +5°C expressed
in the number of doys from 1 February to this average date, y is the most probable
average date of last spring frosts expressed in the number of days from 1 March to
this date.

Soil moisture supplies occumulated by the beginning of spring continue to
increuse due to spring rainfalls until the rise in air temperature and the increase
in dryness of the oir lead to a sharp increase of evaporation from the soil surface
ond transpiration of vegetative cover, which ultimately results in the loss of soil
moisture supplies,

In Central Asic the greatest amount of precipitation folls in spring
(February, March, April), Spring rains are characterized by high intensity ond long
duration, which result in surface runoff ond sometimes even in mud-flows washing away
the soil cover and cousing damage to vegetation,

The temperature regime of this period (mean monthly air temperatures of
between +13° and +16°C) on the whole favours the development of plants in deserts.

It is established that active vegetation of plants expressed by their
development, growth dynamics and vegetative motter formation tokes place at avail-
able moisture supplies over 4 mm in the sondy scil layer of 0-20 ¢m ond over 6 mm in
the sandy soil layer of 0-50 cm ot average air temperatures for a ten-day period
equal to +16T +17°C for ephemers and 20°-24°C for semi-shrubs and shrubs.

More comprehensive ecological analysis of moisture conditions for natural
pasture vegetation in Central Asion deserts allowed Nechaeva, Fedoseev (1965) and
Gringof, Reizvikh (1977) to establish the index of moisture conditions for pasture
vegetation in the Karakum and Kyzylkum (USSR):

Bb+0
IMC = ———=

0.5 2 d
where B, = avoilable moisture supplies (mm) in the soil layer of 0-50 c¢cm in the spring
ten-day period when mean doily air temperature persistently exceeds +5°C (the beginning
of active vegetation of plaonts); O = total precipitation (mm) for the period of

active vegetation of plants (from the date when mean doily air temperature exceeds
+5°C to the dote when mean daily air temperature exceeds +20°C); 0.5 X.d = half the
sum of mean daily air humidity deficits (mm) for the above period,
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Holf a sum of air humidity deficits has quite a definite ecological sense.
In years with best yields ephemer grass stands during the period from renewal of
vegetotion {+5°C) to after 50% flowering spend the moisture amount equal to 0.46Z d
(or opproximate to 0.53 d). This value is regarded by these authors as relative
requirements of ephemer gross stands for moisture.

It is found that at IMC = 1.0 ephemer grass stands are fully supplied
with moisture, at IMC 2> 0.60 moisture conditions are favourable, at IMC < 0,60
plants are short of moisture, ond at IMC < 0,40 conditions for grass growth are bad,

On this basis the scale of aggroclimatic regionolization of moisture con-
ditions in spring in the desert zone of Central Asio is developed as follows:

IMC< 0,20 - 0.39
IMC = 0,40 - 0.59

very dry zone,

dry zone,

IMC = 0.60 - 0.79 - moderately arid zone,
IMC = 0,80 - 1.00 - moderately humid zone,
IMC >1.00 - humid zone.

Productivity of pasture vegetation is primarily formed in spring and its
amount is determined by heat ond moisture conditions ot this time (Table 5).

Table 5 - Moisture conditions in the Kyzylkum desert using IMC
(in € of years)

Moisture conditions according to IMC
Territory Very dry Dry Moderately Moderately Humid
arid humid

0.10-0.39 0.40-0,59 0.60-0,79 0.80-1.0 >1.,0

Northern 10 2 - - -

Central 32 3 1 - -

Southern 23 15 7 5 2

Total % 65 20 8 5 2
of years

In the deserts of Centrol Asia and Kozokhstan, o worm moist spring lasts,

on the average, 50-60 days.,

At the end of April ond especially in Moy the amount of precipitation
sharply decreoses and air temperatures increase,

&
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Because of high temperatures, severe dryness of air and intensive trans-
pirotion of vegetative cover, root layers of scil rapidly lose available moisture,

Spring passes into summer when mean daily cir temperature persistently
exceeds +20°C,

(¢) Hot dry summer

In the period when mean daily air temperatures exceed +20°C, further rise
of air temperatures becomes slow, there is virtually no reoin, and the hot dry weather
which is chorocteristic of summer in Central Asia sets in. In the south such weather
occurs at the end of April ond in the north in May. In this transitional period from
spring to summer the parching of over 50% of annuals is observed on desert pastures,

It is found that the parching of over 50% of annual grasses takes place
when supplies of available m01sture in the 0-20 cm soil loyer are below 4 mm, mean

ten-doy oir temperatures are +20°C - +22°C and the mean ten-day air saturation deficit
is 2 19 hPa.

The parching of ephemers occurs in the ten-day period when any two of the
above three indices are observed. The test of the procedure of evoluating conditions
for parching ephemers in the Kyzylkum shows its high reliability equal to 93%.

The parching of wormwood (Artemisia L.) is found to occur at more severe
xerothermclcondltlonsthcn that of ephemers, namely, mean ten-day air temperature
> 24°C, meon ten- -day oir humidity deficit at 1300 hours 233 mb, avoilable moisture
supplies in the 0.5 m soil layer<6 mm. 1In the Kyzylkum, in spring wormwood shoots
stop growing at mean ten-day air temperature >26 C, mean ten-day oir humidity deficit
at 1300 hours >35 mb ond available moisture in the 0.5 m soil layer <6 mm.

In most of the desert zone in Central Asia, the summer rainfall is about
1-10 mm, i.e, 5-10% of the annual normal. However, in the majority of years in the
central areas of the desert the amount of summer precipitation does not exceed 1-2%
of the annual normal and only in the north is it 10-20%,

At hlgh mean daily eir temperotures, especially daytime air temperatures
attaining 45° to 49° C, and ot high temperctures of upper soil layers (in the Karakum,
soil surface daytime temperatures reach 75° to 80 C),rare rains falling mainly in the
north of deserts cannot significantly improve moisture conditions. All this is
aggravated by high potential evaporation during this season.

Under such conditions, plants with short roots stop growing completely and
plants which have developed, in the process of phytogenesis, a number of adaptation
mechanisms allowing them to survive during this hot and dry period pass into the
state of relative summer dormancy.

Despite o deep interrelation between desert plants and arid conditions, a
dry end hot summer period is critical for their survival. Drought and dry and hot
winds therefore play o special role in the life of plants.
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As is well known {Tsuberbiller, 1959; Babushkin, 1964), the group of
hydrometeorological factors used to describe the dry-wind situation mentioned cbove
includes relative humidity or air scaturotion deficit, wind velocity and availobility
of moisture supplies in the upper soil layers; plont transpiration olso depends
on these factors to some extent.

For Central Asian conditions, gir saturotion deficit at 1300 hours moy per-
mit an estimote of the degree of aridity:

Slight atmospheric drought 50-60 hPaq,
Medium atmospheric drought 60-70 hPa,
Severe otmospheric drought 70-80 hPa,

Very severe atmospheric drought over 80 hPa.

The highest frequency of doys with het and dry winds is observed in July,
A relationship has been estoblished between an average number of days with dry and
hot winds in July and the most probable averoge number of days with such winds
during the period of May to September.

{d) Warm moist autumn

The autumn begins when mean daily air temperotures ore constantly below
+20°C. This occurs, on the average, in the second half of September and in the
extreme south at the beginning of October,

Decrease in mean daily air temperatures favourably affects wormwood and
shrubs from the family of Chenopodiacea; many species of wormwood begin
flowering, ond pericarps of Hgloxvlon sp.sp., Salsolg richteri Kgrel, Salsolg
grbuscula Pugll ond other plants octively grow,

As a rule, cyclonic activity is resumed in October, causing rainfolls. As
o result, moisture supplies are accumulated in soil. 1In some years o dry rainless
gutumn can last until November,

Due to autumn rainfall, decreasing oir temperatures (but not below +5°C)
ond rising air humidity, soil moisture increases and favourable conditions are
created for the autumn renewal of grass vegetaotion, But o warm and wet autumn
season is not observed every year, Very often there are years when small amounts of
precipitation or heavy precipitation at low air ond soil temperotures do not allow
the renewal of plant vegetotion in outumn.

Depending on the weather conditions of the particular year, outumn renewal
of vegetation may start from the beginning of October to December, The later the
beginning of the wet outumn period, the less the durction of plant vegetaotion in
avtumn becuause of the beginning of winter cold. The wet autumn period lasts from the
first autumn rains creating availoble moisture supplies of no less than 4-5 mm in the
0-20 ¢m soil layer to the moment when air temperatures are persistently below +5°C.

The duration of autumn is not constant either, It varies from year to
year just like the season's starting date. In centrul areas of the Karokum it lasts
only several doys while in outlying districts of Central Asian deserts, in the zone
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of foothills of highlands, it attains 40-50 days, which is explained by the rainfall
regime (Babushkin, 1964).

Fedoseev (1965) found that in the ploins of Kazokhstan, autumn renewal of
pasture plant vegetation begins in the ten-day period with oir temperatures exceed-
ing +5°C and available moisture supplies 210 mm in the 0-20 cm layer of clay soils.
The number of such moist worm ten-day periods determines the favourability of weather
conditions for the renewol of pasture grass vegetation in autumn. For sandy ond sandy-
cloy seoils, the ten-doy period is considered moist when available moisture supplies
exceed 4-5 mm in the 0-20 cm soil layer ond ore = 8-10 mm in the 0.5 m soil layer
(Balashova et agl., 1961),

In most of the Korokum and Kyzylkum, a wet autumn is observed in 30-45% of
years while in the south and north peripheries of the deserts the frequency attains
70-90% and 10-15%, respectively,

The autumn ends when mean doily air temperctures ore persistently below +5°C
(November). :

The autumn's duration varies from 50 to 55 doys in the north and from 70
to 75 days in the south,

1.2.1 Interrelations between agrometeorological conditions and pasture

~ production

During the growing season, plants pass through a whole complex cycle of
development from seed to seed.

As a result of a long evolution of arid zone plants under conditions of a
hot and dry summer and a cold winter, a great voriety of life forms developed which
are fully adopted to such conditions; to survival under severe conditions of the
struggle for existence ond, primarily, for moisture.

In the Karckum, Nechaeva, Vasilevskaya ond Antonova (1973) identified eight
main life forms of plants whose development cycles are determined by an annual course
of meteorclogical conditions, their particular lecation and peculiarities of the
morphological structure of the plants themselves,

Voriability of meteorological conditions from year to year affects the
cycle of plant vegetation, the amount of annuwel increment of cbove-ground mass,
fruit-beoring intensity, etc.

Due to the dbove peculicrities of reinfoll distribution and temperature
regime, desert pastures of the Central Asian republics and Kazakhstan are used for
grazing depending on the pasture type (botanical composition), edibility and nutritive
value of pasture plants, water availability and other economic and orgonizational
factors,

During the growing season, plants pass through seasonal stages of develop-
ment. The description of their morphological peculiarities, their vegetative cycles
in Central Asian deserts is given in specialized scientific and methodical literature
(Nechoeva, Nikolaeva, 1956; Gringof, 1962, 1966; “Instruktsiya" 1978, and others).
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The dotes of the vegetation commencement ore found to determine, to a
great extent, the yield of grausses, Thus for instance, in the south of Turkmenistan
{(the location of Badkhyz) high yields {5.0-6.0 centners/hectare) are formed in years
when the vegetation begins in autumn {or winter) of the previous year. When it
begins in spring, yields hardly attain 3.5 centners/hectare (Nechoeva, Prikhot'ko,
Shuravin, 1971),

Owing to the parching of over 50% of grasses in late spring or early
summer, grazing fodder becomes more coarse, dry and less nutritive,

As indicated gbove, in central and northern areas of Kyzylkum the renewal
of vegetation in autumn occurs only in 10-15% of years; therefore the duration of
green grass stands is associated only with warm and wet spring season and it lasts,
on the average, 62-68 days in the north of the Kyzylkum, 71-74 days in its central
areas ond 74-83 days in the south and scuth-west, The duration of green grass
stonds varies from year to year over wide limits depending on heat and moisture
conditions in spring., For example, it varies from 43 to 92 days and from 37 to 121
days in the north and the south of the desert, respectively.

In the paper by Nechaeva and Fedoseev (1960) it is found that the periodi-
city of flowering (and fruit-bearing) of some ephemers depends on agrometeorological
conditions (the thermol regime in winter and moisture conditions in spring).

The favourgbility of the winter-spring period for flowering and fruit-
bearing of ephemers {monocarpic plants) is shown in Table 6 according to criteria
developed by the above-mentioned authors for the south of Turkmenistan,

Table 6
Seasonal favourability for flowering and fruit bearing of ephemers
Winter Spring
Number of days : Total precipitation Level of flowering
with minimum qig for the period of and fruit-bearing
temperature £-10C March-April (mm) for ephemers
>15 > 100 Mass (>50%)
10-15 60-100 Medium (~50%)
<10 L 60 Single plants or
none

In yeors with different moisture conditions the height of graoss plants
as well as the length of young shoots (annual increment) of shrubs and semishrubs
differ greatly. For example, the interannual difference in height is from 3-5 cm
to 39 cm for Bromus sp.sg., from 8-10 cm to 45-50 cm for Poa bulbosa L,, from 5-7 cm
to 35 cm for Carex physodes M,B,, the difference in the lenyih of young shoots is

from 6-7 cm to 35-45 cm for Artemisig terra-albg H, Krasch, from 3-40 cm for
Calligonum sp,sp. and from 3-5 cm to 28-30 cm for Halexylon persicum.

&
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their leocation,

20.9 centners/hectare and of Salsola gemmascens Pall. on tokyr soils 32.5 centners/

hectare (Nechaeva, 1970},
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The above-ground mass produced by a plant community is determined by the
morphological peculiarities of the plants as well as by the ecological conditions of
Thus, for instance, under identical climatic conditions the pro-
ductivity of all the above-ground mass of Holoxvlon persicum on sands constitutes

The seasonal dynomics of posture plant yields is associated with their
biological development cycle ( JluHamixa

, 1957),

mid-June, then gradual decrease down to 20-30% in September;

Haloxylon aphyllum, Salsola richteri Karel. - maximum in June-August, then decrease

down to 70% of the annual increment in Becember;
- maximum in April-May, decrease down to 60% in July and to 10% in November;
Artemisia L, - maximum in May-June (100%), decrease down to 75% in July-eorly

September, then rise up to 100% from mid-September to mid-November due to flowering

semishrubs:

For example, shrubs:
sp.sp. — maximum of the annual increment (100%) falls in the period of mid-April to

Hoaloxylon persicum,

Astraaolus sp.sp.

and fryit-bearing, afterits gradual decrease during the winter period,

According to observations by Nechoeva and others (1973), the above-ground

mass of annual Salsola sp.sp. vories from 2% to 152% of the yield (100%) in o year
with averaoge weather conditions,

The yield of ephemer grasses may vary from 38 to 234% depending on weather

conditions,

According to long-term data on fodder supplies on the Kyzylkum pastures

determined over large areas by cerial photometric methods, the yield of pasture’
plants chonges from yeor to yeor ond from area to arec (Table 7).

Table 7

Average yield of pasture plants, by area and year

Years when the yield wos determined {centner/ha) Average
Areas of yield
Kyzylkum desert|1965]1966|1967|1968]|1969|1970|1971|1972|1973|1974]1975 |{centner/ha)
Nerthern l.6y 2.6 2.0] 1.8] 2.0| 1.5] 1,1| 1,6] 2.5] 2.3] 1.5 1.9
Central 1.5 1.7] 1.2{ 0.9] 2.5| 0.6] 0.6]| 1.0} 1.5| 1.1} 0.7 1.2
South-eastern 5.2| 3.2] 3.5| 3.5| 3.0| 4.6] 3.1} 2.8] - | 3.5] - 3.6

&

Calligonum

As mentioned above, the variability of pasture vegetation yields depends on

past agrometeorological conditicns,

As an exomple, we present Toble 8 which shows
yield as a function of many meteorological and agrometeorological parameters.

A number of years with calculated and actuul yields were onalysed to obtain
the freguency of years with good, medium and poor yields (Table 9).

Such are maoin charaocteristics of the seasenal and annual veriations of

natural pasture vegetation resulting from agrometeorclogical conditions in the arid

zone of Central Asian republics,
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Toable 9 - Frequency of years with various vields {in %) in the Kyzylkum during

the period 1952-1975

Areas of Years with Years with Years with

Kyzylkum desert poor yields medium yields goed yields
(€1.5 centner/ (1.5-2.1 (>2.1 centner/
ha) centner/ha) ha)
Northern 18 - 44 50 - 52 6 - 30
Central ' 28 - 54 32 - 36 14 - 36
Southern 17 - 50 18 - 33 30 - 82
South-western - up te 5 95 - 100
1.2,2 Forecasting primary production of rangelands

The biological productivity of most species of pasture plants in arid and
semi-arid areas is very closely connected with the moisture supply. The relationships
between grass and pasture plants are characterized by coefficients of correlation
with rainfall amount during the different periods of time which are mest crucial for
plant activity,r = 0,75-0,90, and by those with soil moisture reserves and soil
moisture depth index,r = 0.8-0.95." Forms of shrubs with a fairly deep root system
have a fairly stable annual biomass increose which is less strongly correlated to
rainfgll amount (r = 0.7).

In hot deserts and semi-deserts the relationships between yield and the
amount of heat during the vegetation period are less close (r = 0.33-0.42). However,
the air and soil temperature regime, especially during the period with most moisture
supply, has much influence on plant development and organic mass accumulation,

Ideally, in order to forecast the primary production of rangelands, a re-
liable long-range forecast is needed for precipitation, temperature regime, air and
soil moisture, solar radiation, etc. However, despite progress in long-range weather
forecasting, the world's metecrologicol science still has no reliable forecasting method
for practical application.

"Agrometeorological forecasting theory is based on general natural laws of
the non-equivalence of environmentol factors and of the irreplaceability of factors
of life, lows of minimum ond maximum and the law of interaction between factors of
plant growth and development™ (Fedoseev, 198l).

The main methods of agrometeorological forecasting are those of correlation
analysis, although their possibilities are extremely limited.

Yield forecasting involves forecasting not only geophysical conditions of
the environment but also corresponding biological effects of the multiple superpositions
of, and interaction between,individucl elements,
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The technique for developing such forecasting methods for rangelands and
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compiling operationol forecasts comprises the following:

e Consideration and assessment of the initial situation, i,e, the inertia
foctor in plant development and in the dynomics of individual meteoro-
logical factors causing the formation of moisture reserves in the soil;

e Consideration of climatic peculicrities in the region or district (rain-
fall rate, soil moisture regime, dates of the beginning of air and soil
drought, etc.);

e Consideration of biologicel peculiarities of the main pasture plants
(species of plants, their development cycles, the plonts' competitiveness

in their struggle for moisture in the plant community, etc.};

® Consideration of the conditions in the plants' habitat (flooding regime
in estuary pasture vegetation; local relief, including slope exposures;
soil moisture and temperature regime in different elements of the relief,
etc.).

Empirical equations linking rangeland yield (primary productivity) with

weather factors use a number of meteorological and agrometeorological indices (see

Table 8).

over the

Rongeland yield forecasting in arid and semi-arid areas of the USSR
last 10-15 years has been fairly successful (80-90% accuracy}. The fore-

casts have o period of validity of aobout 1,5-2 months,

Fedoseev,

Here:

Below are o few forecast equations to serve os examples (Nurberdiev, 1978;
1964 and 1981): '
(1) For rangelands in the northern half of central Karakum

y = 0,0lx - 0.07, r = 0,743, Sy = £ 0.04 t/ha

{2) For rangelands in the eastern Karakum

y = 0.0l4x + 0.95, r = 0.682, Sy = + 0,05 t/ha

(3) For rangelands in the foothills of Turkmenistan

y = -0,04x + 22.7, r = -0.724, Sy = £ 0.13 t/ha

(4) For rangelands in central Kezakhstan

y = -0,062z + 18.48, r = -0.91, Sy = = 0,081 t/ha

(5) For various types of rangelands in Karakum

y = 0.893x + 2.238, r = 0,808, Sy = = 17.7%

Pasture yield (t/ha)

Total cloud amount in October (oktas) in the preceding year
Number of hours of sunshine

= Coefficients of correlation

Sy = Error of the equation (t/ha or per cent.)

1}

!
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With these equations the forecasts’ validity is 5-6 months. In spring, the
forecast can be improved using datao on soil moistening depth (SMD):

y = 0,328x + 0,822 SMD - 4.636, R = 0.929, Sy = = 11,2%
where R is the coefficient of multiple correlation,

Yield forecasting on flood-plain rangelands in arid end semi-arid areas
must toke into account the hydrological regime of the flood-plain and river, the ground-
woter level and rainfall amounts in the non-flooded vegetation period for grassy-reed

communities (Bedarev, 1979).

For different types of grass rangelands in the central flood-plain
(Kazakhstan) the forecasting equation has the following form:

~0.044x> + 2.40x + 5.1/q = 0.88, Sy = 0,36 t/ha

y:

where y = Yield (t/ha)
x = Duration of flooding in days
r = Correlation relationship

Sy = Equations' error (t/ha),

The yield-forecasting methods (primary production) developed in the USSR
for rangelands are widely used for operational agrometeorological services in desert
stockbreeding. As o result, the agricultural authorities in the Central Asion republics
and Kazokhstan now have continuously updated ogrometeorological information on the
state and yield of rangeland vegetation,

1.2,.3 Data requirements relating to primary production

As con be seen from Table 8, the following initial information is needed
for assessing the state and yield of pasture vegetation:

e Climatic: including micro-climatic data and their vertical gradients

intervals, and various compound indices);

e Meteorological: air and soil temperature, air humidity, solar radiation,

oy " " o o o

inter-phase periods of crop and pasture development;

» Hydrological: groundwater depth, degree of the groundwater's mineraliza-

valleys;

e Agrometeorological: moisture and physical properties of soil, water
reserves in the soil (rooting zone), soil surface and sub-surface tempera-
tures and various compound indices;

e Biological: botanical composition of the plant community, plant develop-
density per unit area or design coverage of the soil by plants (in per
cent), biometric pareameters {bush dimensions, volume, fruit-bearing rate,
proportion of bushes with different dimensions, proportion of plant parts
which are edible and non-edible to animals, etc.).
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These, and many other types of observations, are carried out in Hydrometeo-
rological Services and their agricultural divisions. Naturally, the observations'
volume, times and programme are determined by the physico-geogrophical characteristics
of the region, the crops grown (or species of natural pasture plants) and the
capabilities of each individucl country.

However, the following general requirements exist for collecting various

types of informotion on the stote of plants and the ecological conditions of their

habitats:
(1} An ecologicolly sensible selection of sites for the observations
' (the relief, soil and crops should, as far as possible, be the most
typical for the whole field and rangelond, etc.);
(2} Correct selection of plant indicators which well reflect the composi-
tion ond state of plants in the community;
(3} Regular observations;
(4) Synchronous observations of the growth of crop components and a set
of meteorological (hydrological) observations;
{5} Careful recording of the observations in standard formats permitting
statistical processing of the data according to the given samples.
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2. LIVESTOCK (secondary production)*

Land management in arid and semi-arid areas can benefit greatly from the
application of agrometeorclogicol methods., A data bonk can be used to generate and
test models which ore geored to assist mancgement, productivity, etc. Economic
aspects of livestock production can be evoluated ond decisians taken on whether the
improvement in productivity due to climate modification is economically beneficial,

A knowledge of the response potterns of livestock to weother enables the
manager to toke suitable managerial action and to plan future progrommes, Real time
weather forecosts and wornings can be geared to the economic increose in productivity;
warnings of heat woves, cold spells, strong wind and driving rain, weather conducive
to the outbreok of disease and pests con initiate action to avert loss of productivity.

Models can be employed to gauge the effect that seasonal variation of weather
has on quantity and quality of livestock. The storing ovalities of livestock products,
transport to market, etc, are oll influenced by the weather experienced during the
current season,

A data bank can be made to serve as o yardstick in the monagement of live-
stock. For o given locality it is possible to use the dota bank to derive various
monagerial aids, e.g. to predetermine:

* The type ond quality of shelters required for optimum production:

* The type of livestock best suited to the local climate;

-

Probability charts for outbrecks of disease and pest infections;

Cost benefit considerctions for various management roles;

Population and location of feral animals.

2.1 Meteorclogical factors affecting livestock and their productivity

including water availability conditions

Woter is the major constituent of most plonts and animals; it is also
consequently an essential ingredient of diet, Lee and Coughlan (1978) have pointed
out that in tropical parts of Australia approximately ninety per cent of the incident
rainfall occurs during the wet season; hence livestock in such areas require stored
water for survival throughout the dry season. As vegetation also requires water for
growth, grazing cattle in these areas need to be able to migrate in order to achieve
a subsistence diet throughout the year,

Besides natural roinfoll, woter is also availoble from underground sources,
Man has utilized this source of water particulerly in arid or merginal rainfoll areas
both for livestock and in some cases for vegetation. In dry periods specifically,
the availebility of water and vegetation attracts feral animals. In fact the
esteblishment of a supply of bore water at strotegic places around Australia has
enobled the feral population to increase to a number faor in excess of that which
would have resulted without the supplementary water holes. Although the supply of
bore woter is necessary for domestic conimals in arid areas, it haos promoted severe
competition for availoble edible vegetation and water.,

¥ by F, A, Powell (Australia)
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During the period leading up to a drought, livestock are forced to overgraze
and the denudation of the pasture allows wind erosion and subsequent desertification
to oceur, Droughts in Austrolia hove been so severe that maess destruction and burial
of livestock have been necessary to avert death of the livestock by starvation. Drought
can be lethal for livestock and conducive to desertification,

With an excess of natural rainfoll flooding often occurs. Such an occurrence
can be lethal and also cause erosion and structural damage to the housing of live-
stock, etc.

Water for pasture production is ultimotely received from natural rainfall,
A data bank can be uvtilized to provide an drrangement of rainfall data in decile form,
This tabulation can be used as o powerful management cid. Some benefits of this system
which have o bearing on livestock are:

*+ Maintenance of a continuous drought watch;
+ Prepargtion of bulletins showing serious or severe roinfall deficiency;

¢ Probability ossessment for o given omount of rain at a locality for each
month of the yeor;

o Adjustment of livestock numbers on a property eccording to decile-ranked
rainfall as an anti-desertification measure;

¢ Water storage from natural rainfall can be assessed on o probaobility
basis for management information,

It is necessary to regulate the number of coattle permitted to graze specific
areas so that pasture and land degradation will not ensue. Agoin a large feral popula-
tion mokes such a scheme difficult. However, the practicel use of rainfall deciles
can be a helpful management tool. The use of rainfall deciles should give an indica-
tion of the relative potential of an area to produce grozing pasture as well as the
likelihood of drought. The occurrence of a dry spell or drought as indicated by rain-
fall deciles in the first few categories could be at o time when food reserves are
scarce and the temptation for farm managers to overgraze their pastures would be very
great. Although livestock may be in competition in some cases for available pasture,
the number of livestock that is permitted to groze a specific area should be directly
proportional to the rainfall deciles both present and past. Special cases may also
exist where decile-reluted measures may need to be token to sponsor pasture establish-
ment,

Satellite data should also be employed to help management assess the re-
plenishment and depletion of water in an area. Sotellite-derived charts of radiation
can be used with fields of temperuture, dewpoint and wind, based on satellite daota to
produce a field of Penman evaporation. The preparation of routine water balance maps
would indicote surplus ond deficiency areas of water.

Employment of these maps with a suitable model, e.g., Buoier, Robertson (1966),
could provide an estimate of soil moisture for various soil types., This information
would help the manager determine the firmness of the surface and whether it would be
domaged by cattle, Initial water loss for flood considerations could also be obtained
from this dota ond would alert the manager to the possibility of flooding., Decisions
on supplementary watering for growth of pastures can also be made on the basis of a
soil moisture budget.
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Disease of livestock is often aggravated by metecrological conditions,
Pests can attack livestock or decimate the vegetation, necessary for the livelihood
of livestock,

Meteorological models can be used to delineate probable areas of dispersion
of pests and diseases, Both meteorological observations and forecasts can indicate
whether an epidemic of pests or disease will eventuate. Probability maps of occurrence
of disease or pests can be derived from a dato bank using the appropriate meteoro-
logicul indicators. The translocation of cattle pests such as the 'screw fly' can
be forecast using meteorological parameters. A heavy overcost and a high humidity
will promote the spread of a virus such as foot and mouth disease; such managerial
advice is essential to veterinary officers faced with the taosk of control or eradica-
tion of this disease, Knowledge of seasonal reinfall and temperatures can be used to
assess the likelihood of a forthcoming locust plague and preventive measures can be
planned,

Thunderstorms associated with squalls, hail, tornadoes ond lightning can
all lead to the demise of livestock.

It is not unusual for a national weather service to provide warnings of
thunderstorm activity., If radar surveillance is available then the severity and
movement of individual storms can be monitored. The enhancement of regular satellite
pictures may also be an aid in delineoting severe local storms, Such advice can
assist in protecting cattle,

Wind con affect livestock both directly and indirectly. Some ill effects
are:

* Chilling associated with rain causing hypothermia during lambing and
shearing of sheep;

¢ Translocotion of pests or noxious weeds, e.g. locusts, screw fly, etc.;
+Spread of micro-organism diseases, e.g. virus bacteria, etc.;

* Wind erosion;

» Structural damage;

* Promotion and spread of bushfires.

Some of the beneficial aspects are:

¢« Ventilation;

» Cooling;

* Translocation of seeds necessary for food generation.

The Bureau of Meteorclogy in Australia issues warnings of cold winds and
driving rain which, during lambing and shearing, can couse hypothermia in sheep.
Whenever the forecast of o combination of rain and wind chill indicates that hypo-
thermio is likely in newly shorn and newly born sheep a warning is issued to farmers
to bring the susceptible animals into shelter as sheep do not necessorily seek shelter
of their own accord,
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Advice can be given for potenticl translocation of pests and disease par-
ticularly when a good interdisciplinary relationship exists between agriculturist and
metecrologist,

Warnings of strong winds which may cause structural damage or enhance the
spread of bush or forest fires can be supplied by @ national meteorological service.

Examination of the data bank often helps soil conservationists to take
action to avoid erosion,

Generally specking, temperature regulutes growth occording to whether
values are optimum or unfavourable, Temperature lapse also plays an important role.
Both temperature and temperature lapse con play a major role in the production, re-
lease, uptoke, dispersion and even deposition of bacteria, viruses or fungi spores,
etc, which moy affect livestock either directly or indirectly,

High temperatures are detrimental to productivity for most livestock, Low
temperatures do not generally present the same problem, It is eusier for livestock to
generate heat to combat low temperatures by eating and moving cbout than it is for them
to dissipate heat when oir temperatures are high,

Solar radiation promotes the curing of hay for livestock, A high solar
radiation load can promote hyperthermic and even sunburn on some pigs with a sensitive
coat., If the rodiation load is excessive as it is in poarts of Northern Austrolia
then it can prevent the estublishment of vegetative growth to feed livestock, In
these circumstances it is necessary to provide shelter to establish plants, When
the radiation amount is too low,on the other hand, then vegetative growth is restricted.
Low values of radiation, i.e., excessive cloudiness together with relatively high
humidity, say above 60 per cent , can sponsor the spread of a disease such as foot
and mouth disease. The operational use of satellite data con assist in the provision
of managerial information in these instonces,

Atmospheric humidity can affect the survival of bacteria and viruses. High
humidity moy also cause stress for livestock that lose heat by a combination of
sweating and evoporative cooling. High humidity can also promote disease in vegeta-
tion on which livestock rely for survival,

2.2 Assessment of agrometeorological conditions for livestock
productivity (meat, milk, etc.)

The supply of water at all times will be o limiting factor to livestock
productivity, Water is of course essential for drinking purposes, however the
availability of drinking places should be such as to provide for the essential needs
of livestock but be sufficiently restrictive so os to discourage the proliferation
of ferdlanimals; the latter provide competition for available posture and are poten-
tially capable of hosting and spreading disease.

According to Tromp {(1980):

(a) The thermol effect on the sensible heat exchange between an animol
ond its environment is not defined physiologicolly by the solar
radiant energy absorbed but by the heat exchange. The heat exchange
at the bgse of an animal's coat con be assessed in terms of the effect
of insolation on total production and dissipation of heat by sweating,
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respiration and sensible exchanges. The exchange is affected by

the thermal resistance of the coat, the convective heat transfer and
the penetration depth and tronsmission of solar radiation onto the
coat,

(b} Animals which are 'light-active' tend to show a shortening of the
period between active phases if light intensity (with continuous
exposure) increases; 'dark-active' animals tend to show a lengthen-
ing of the period with an increase in the light intensity (Aschoff,l961).

(c) The limiting factors for livestock living ot high altitudes appear
to be the lack of available food and water, lack of sunshine and the
thinness of the atmosphere which mokes breathing extremely difficult.
The grazing of livestock at altitudes between 2500m and 3700m during
the warmer periods of the year results in mony poorly acclimatized
animals having difficulty in breeding or being afflicted by 'brisket
disease' which can cause intense dyspnoea, leave the animal unable to
tolerate even mild exertion and may lead to cardiace failure. Other
animals when token to high altitudes are susceptible to hypertension
of the pulmonary artery., The incidence of 'brisket disease' in cattle
herds native to sea level is between twenty and thirty per cent, where-
as the figure is between one and two per cent for cattle native to
high altitudes,

The thermoregulatory mechanisms are locoted in the hypothalomus in the brain
and regulate the physiologiceol processes which are involved in balancing both heat pro-
duction and heat loss in animals; such mechanisms vary for different animals and
according to Tromp {lpgacit,) have a major influence on the following:

General health of animals;

]

Cause of triggering of animal diseases;

Variation in hair or wool growth;
s Reproduction and cuality of animals;
* Resistance of animals to extreme climoates;

¢ Variations in milla production.

Heat and cold both affect a number of an animal's physioleogical mechanisms,
Animals lose heat by respiratory thermoregulation os well as evaporative thermo-
regulation (except for animals such as swine where no or few sweat glands are avail-
able). Tromp (loe,cit.)stotes that thermoreceptors in the skin or of the hypothalamus
may increase the respiratory ventilation of the ox tenfold, the sheep twelvefold,
the rabbit fifteenfold and the dog twenty-threefold.

The effects of meteorelogical elements on some specific animals will now
be considered as detailed by Tromp {loc.cit,).

In ¢ hot climate, sheep are capable of rapidly reducing the temperature of
their brain whilst the internol body temperature is being slowly reduced by panting;
this ability to prevent cerebral overheating portly accounts for the high heat
tolerance displayed by sheep, After a lowering of the brain temperature has been
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achieved sheep continue to reduce the deep body temperature by panting. In
addition to this thermoregulatory mechamism sheep lose woter continuously by evaporo-
tion due to respiration, possive diffusion and active expulsion through the skin., The
control and importance of the contributions to total water loss and to heat loss in
sheep are in many ways different from other genera because sheep corry o fleece of
continuously changing length., The rote of water-vopour loss from an animal depends

on the water-vapour pressure gradient from its surfoce to the adjocent air. The
absolute humidity of the air together with the availability and temperature of any
acaveous solution at the interface between the animal and the environment determines
the woter—vapour pressure gradient; the lotter and the rate of sweat evaporation are
reduced where salts accumulate on the skin as sweat evaporates and subsecuent surface
fluids moy become soturoted. Whenever sweat evaporates from the tips of the wool away
from the body surface, the heot of evoporation is drown from the oir and no cooling

of the body results.

In o thermoneutral environment, the rates of metabolism or evaporation do
not increose. In such an environment, for unshorn sheep, their heat loss by evopora-
tion is approximately 25 per cent; equal amounts of this heot loss are from the skin
and the respiratory troct. Shorn sheep have thermoneutral temperatures of approximately
25° to 30°C and at this temperoture the proportions of total heat loss attributable to
respiratory, cutoneous evaporation and to non-evaporative processes dre similar to
those of unshorn animals at 10°C. Both heat production and heat loss in sheep in-
crease below thermoneutral temperatures. In both shorn and unshorn sheep the in-
crease in heat loss is almost entirely by non-evaporative processes, although exposure
to very cold conditions does cause a small increase in pulmenary ventilation and
presumobly in respirotory evoporation, Evoporotive heot losses predominate when
temperatures exceed thermoneutrality, The increase in evoporation in unshorn sheep
results largely from panting and only slightly from an increase in cutoneous loss of
water,

The newly born pig is susceptible to cold weather; prolonged exposure of a
newly born pig by itself to the cold can lead to its death by hypothermia, hence
shelter is invariably provided. If the newly born pig is exposed to cold with other
members of the litter then the behavioural property of huddling together encbles the
entire litter to withstand the cold more readily. Tromp (loc,cit,) explains that the
poor thermoregulation of the newly born pig affects its glycogen ond protein metabolism,
Three- to eight-week-old piglets have difficulties in absorbing sufficient iron in a
cold humid enviromment, so acquiring a pale skin colour. Consequently, shelters are
provided for pig litters with an initicl control temperature near 30°C and relative
humidity 80 per cent, which is graduelly lowered to 60 to 70 per cent with a tempera-
ture just below 20°C, The floors and walls of the shelter are insulated to prevent
rapid cooling,

Because the mature pig cannot sweat effectively and because its rate of
respiratory heat loss is limited, o sow or boar when exposed to hot dry conditions for
a significant period can die of hyperthermic. Although the pig does not sweat it has
the habit of wallowing in mud or water during hot weather and in the dbsence of water
the pig may wallow in its own vrine and foeces. The application of a paste of mud or
faeces prolongs the time of water-loss by the order of one or two hours and ensures
that the major heat source needed to vaporize the water comes from the pig's body,
Water vaporized from the hair of the pig may use heat from the environment and con~
sequently produce negligible cooling to the pig's body. The evaporative heat loss
achieved as o result of wollowing avoids the problems of water and salt balance which
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can occur in panting ond sweating animals. The ventilotion rote per unit time in

pigs with o high body temperature increases by o foctor of obout three which is
similar to thot for cottle but less than that for sheep, Under cold conditions with
rain, the absence of o thick hair coat would prove to be disadvantageous, The cool-
ing of the pigs' coat under these conditions would toke heat from the body by evapora-
tive cooling, whereas with the sheep,which is protected by its fleece, the ewvaporation
con toke place from the tips of the wool coat using heat from the environment,

Shelter ond spray cooling are invariably provided for domestic pigs as well as wallow-
ing facilities. Wild boors, etc., are naturcol to swampy woodlonds where shelter and
wetting focilities exist.

Cattle and Ungulotes

The physiological processes involved in balancing heat preduction ond heot
loss in animals ore governed by thermoregulatory processes in the body which differ
for different animals. If any of these processes malfunction in any way then the
health of the animal could be seriously affected., Both heuat and cold affect o grect
number of ananimal's physiological mechanisms that control susceptibility to disease,
production of wool, milk, hair and the repreduction and quality of cattle, As well
as evaporative thermoregulation, respiratory thermoregulation plays an important
part in cattle, Animals do not grow ond produce as well in very hot climates as
they do in temperate or cold climates. Heot stress together with high humidity
adversely influence appetite and vitamin deficiencies may ensue, As pointed out by
Tromp (loc.cit,)cows are better suited to low temperatures than high temperatures;
the heat production in a non-gestating, non-lactating cow is of the order of 10K cal
day —l. This heat production is doubled if the cow is yielding 20 kg of milk per day.
Cows have poor sweating focilities as skin moisture evaporation reaches o moximum at
only 17°C.  The heat exchange between cattle and the environment is not determined
by the solar energy absorbed as much as by the heat exchange at the base of its coot.
The heat exchange is affected by the thermal resistance of the coat, the convective
heat transfer and the penetration depth and transmission of solar radiation intoe the
coat, Arid zone animals ideally should have ¢ coat that is very pale in colour,
relatively deep, be of a high bulk density and, possibly, glossy.

The general resistance of the offspring to climatic stress and parasitic
diseases can be considerably improved by cross breeding. High environmental tempera-
tures affect the fertility of various animals; in such cases it is possible that the
reduced reproductive efficiency may be related to reduced food intoke,

Feral animals such as the pig and the buffalo threaten the ecology of
tropical parts of Australia, Besides consuming vast quantities of life-supporting
vegetation, the 800 kg woter buffalo does irreparable damage to the soil structure
by pounding and churning the top soil, The habits of these animals to follow the
same track deily, furrows out channels; the swim channels which ore created alter
the drainage system and the natural salt balance, amongst other things., Wild water
buffalo pose a threat to the livestock of the country becouse they can be @ reservoir
for disease. One saving grace for the water buffalo in Australia is that it routs
the wild pig population from its habitat. The water buffalo keeps itself cool by
wallowing in mud or immersing itself ip water for durations of the order of five
hours daily,
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Poultry

Weather and climate influence birds indirectly through food intoke; «a
more direct influence occurs through temperature and solar radiation which affect
the production of sexuval hormones, the sexual ratio and the layihg rhythm of fowls
(Tromp, loc.cit.). Birds,like mammals,have relatively large surface areas from

which heat is lost; they have a higher normal body temperature thon mammals, usuvally
higher than 4G°C,

Shelters and cages are invariably provided for domestic poultry and hence
this group shows o fairly high tolerance to cold under shelter conditions, The
optimum envxronmentcl temperature for week-old chlckens cccordlng to Tromp (loc,cit.}
is around 35°C and at maturity ranges from about 18°C to 24°C,

High seasonal temperatures produce both depressed growth and o decreased
survival rote. Excess body heat needs to be dissipated vio sensible and latent heat.
Conduction, convection and radiation account for dissipation of sensible heat whilst
latent heat is lost by evaporation of water from the skin surface and through the
respiratory tract. With poultry, practically all the latent heot is lost through
the respiratory tract and hence ambient relative humidity is extremely important for
poultry growth and survival at high temperatures.

Light has on important effect on the laying rhythm of hens. Many domestic
fowl are sensitive to seasonal influences, e.g. there is a moximum production in
spring in temperate zones of the northern and southern hemispheres whilst production
is equal throughout the year in the tropics. The change of hours of daylight is o
dominating factor in the seasonal effect on the laying rhythm, Tromp (loc.cit,) gives
the explanation that light stimulates the pituitary and a follicle-stimulating hormone
is secreted; hens ovaries are stimulated to activity and the egg follicles develop
and moture. Between the secretion of the ovulation-inducing hormone and ovulation
itself, a foirly constant period of about eight hours elaopses.

Insects

Generally speaking, the function of insects in the environment can be both
favourable {e.g. bees) and unfavourable, such as locust plagues. The estimated loss
of crops and hence livestock fodder attributed to pests has been estimated ct around
13 per cent. As well as having an indirect effect on livestock, insects can affect
cattle directly and cause infestation, disease, general debility, etc,

Insects generally exhibit o higher sensitivity to foctors in the physical
environment than do the higher animals and this is shown particularly as o result of
their highly developed degree of orientation giving rise to changes in their surround-
ings. Tromp (loc,cit,)has listed a number of properties peculiar to insects:

(@) Temperature is a dominant factor in the development, behaviour,
reproduction and survival of insects;

(b) Humidity has an important influence on activity, distribution and
survival, Insect tronspirotion affects water balance, restricts
metabolism and retards development in some species. There is a high
correlation between humidity and flight ond the dispersion of insects,
The duration of activity in o periodic flight is limited by low
humidity;
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(c) Light influences the behaviour of some insects. The abundance of
some nocturnolly active biting flies such as the tsetse and the
mosquito is olso related to lunar cycles within the *fly season’;
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(d) Atmospheric pressure changes influence the activities of mosquitoes
either as a direct mechanical effect or indirectly through alteration
of meteorological voriobles such as wind which has o considerable in-
fluence on the activity and orientation of flying insects, especially
in their dispersal from breeding grounds;

(e) Rainfall promotes the abundance of insects such as the tsetse fly and
the mosquito;

(f) Electric fields have been reported to have varying effects on insects,
€.,9g. :

Flying insects tend to be repulsed when they approach a positi-
vely charged screen;

Worker bees increase their number of foraging flights during
periods of atmospheric electrical activity;

Guard bees become hostile when olternating potentials are placed
on either side of the hive entrancef

The blow-fly shows greater flight speeds if treated with positive
ions and more moderate speeds if treated with negative ions.

2.3 Forecasting of the quantity and quality of livestock products

Forecasting the quantity and quality of livestock products must also in-
volve, to a certain extent, an assessment of likely crop aund pasture conditions,
water supply, incidence of diseases and pests, e.g. locust plogues,as well as con-
siderotion of factors such as acclimatisation,

Acclimatization is an important element in the rearing of livestock and
the occurrence of unusual weather phenomena generally has on effect which results in
loss of productivity.

The direct ond indirect effects of weather determine the performance and
even the survival of livestock. As a consequence the quantity and quality (e.g.
storing quealities, tenderness of meat, etc.) of the produce can be affected which in
turn has an effect on the economics of the particuler venture.

2.3.1 Quality considerations

It has been found that cottle in the tropics, especially those under stress
due to lack of care and management, are liable to be of poor quality, e.g. samples of
beef produced under such conditions have been found to be tough. High temperature and
humidity are the main meteorelogical foctors which determine production and quality in
the tropics, Extreme heat stress associated with high humidity tends to affect the
appetite and growth of tropically based livestock. Provided that sufficient water
ond fresh nutritious forage are available in an environmment where humidity is low and
that there is sufficient air movement to evaporate animal sweat, then normally high
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values of air temperature alone need not suppress production., This is particularly
so if the diurnal temperature ronge is high., Webster (1973) demonstrated that cattle
can adapt to temperatures as low as -11°C to -2200; cattle so adupted grow steadily
throughout the yeor and the potential yield could be greater than for the tropics.
Confinement of cattle tends to improve both quantity and quality but the closer
contact makes the possibility of disease outbreak and stress problems more likely,
According to Tromp (loc.cit.,) meteorological stress has an affect on tenderness,
flavour and juiciness of meat, The colour of the sloughtered animal fot when sub-
jected to high humidity and slow chilling in still air results in the fat being more
yellow, Beef production under hot conditions can be highly successful using a certain
type of cattle (Bos indicus). The water buffalo (Bos bubulos) produces tasty meat
that can be produced under still more stressful tropicol conditions, It has been
stated thot the world's greatest potentiol for meat and also crop production lies in
the vast areas of the humid tropics with year-round warm weother, high rainfall and
deep porous soils, provided that the correct monagement is always applied,

The principal meteorclogical factors which may affect the quantity and quality
of milk are: temperature, humidity, wind velocity, radiation., Adverse meteorclogical
factors can influence milk production by alteration of the onimal's thermal baolance,
water balance, energy balance ond behavioural activity., Hot humid summers have o
depressing effect on milk production and the butter—fat contents decrease, An in-
creose in wind at temperatures below the comfort zone may hinder milk production,
Environmental pollution of air, water and the seil by animols or industry may in-
fluence quantity and quality of milk,

Weather and climate affect wool growth and quality and can have an effect
on the thermoregulation of sheep. Brown (1971) pointed out that wool productivity
increased in general with latitude, Brown (ibid.) thinks that the decrease in pro-
ductivity of wool is due to lack of availability of food which in turn can be related
to climote. A hot environment con also decrease food intake and diminish the wool
grade. If the site is protected from cold then cold spells do not appear to affect
wool growth. Ultraviolet light degrades the tips of wool fibres causing them to
break off during processing. The aomount of vegetoble matter and dirt that gets into
the wool affects the quality. When six per cent of the wool clip is contaminated
with dirt, grass burrs, etc, the quality cannot be ussessed as high, The presence
of moisture on the skin of the sheep over several weeks causes a bacterial dermatitis,
viz, 'fleece-rat’,which causes matting and staining of the wool fibres. The problenm
in India con be economically serious; two shearings per year are necessary to separate
wet season and dry sedson wool clips.

Fly-strike can be o serious infestation in sheep and outbrecks can be par-
ticularly severe after wet weather; if fleece rot is present, fly-strike under the
fleece can significantly reduce the value of the wool, After shearing sheep may die
from a spell of cald wet weather if they are not sheltered, but they can survive the
heat at this stage,

Air temperature, humidity, wind and light all aoffect the body temperature
and comfort of poultry ond therefore the egg production. The thickness of egg shells
is decreased by heat and high humidity. The College of Agriculture in the Philippines
achieved a ten per cent increase in growth by feeding broilers at night compared to
the normal day-time feeding,
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Models have been devised to represent individual animal responses usually
in terms of thermoregulatory or other physiological subsystems as they respond to
energy flows in the animal-environment system. A heat stress usually depresses
appetite and consequently the production of items such as milk, eggs and meat is
depressed. Temperature thresholds exist above which beef cattle, hogs and poultry
do not fully recover either growth or food conversion; however, below such upper
limits these animals are able to both recover growth lost during moderate heat stress
and to convert food more efficiently after relief from heat stress,

Production responses of cows (milk), pigs (meat), poultry (eggs and meat) as
a function of climatic factors hove been combined with the probobility of occurrence of
weather events, developed from climatological records, to moke predictions of production
losses by Hahn and Osburn (1969), Morrison et aglig (1970) Hahn (1975) Ibrihim et alia
(1974). Hahn and Osburn (loc cit) have plotied the expected milk production losses
in kg per cow with a normal daily production of 30 kg per cow for the summer season.
Appropriate water and food supplies were assumed to be available along with shelter
from the radiation load, The seasonal loss varied from 450 kg in the tropical parts
of USA to only 50 kg in the higher latitudes. Morrison et alia (log, ¢it,) found
that for shaded 70 kg fattening pigs subjected to normal summer weather, productivity
varied from 95 per cent of the optimum growth in the higher latitudes to only 70 per
cent of the optimum growth in the tropics. Hahn (loc cit.) found that expected egg
production losses in Missouri for shaded laying hens subjected to normal summer weather,
varied from 86 per cent. of the optimum in the west to 95 per cent of the optimum over
parts of southern Missouri, Hahn (1974) used the naturally varying climate of Columbia,
Missouri, to compare the effects of year-to-year climatic variation on the predicted
decline in milk production for cows with a normal level of production of 30 kg per day,
The coolest summer showed an expected decline of 40 kg per cow whilst the hottest summer
showed the expected decline per cow to be 250 kg. Maunder (1974) has used weighted
indices of water deficit to predict monthly dairy production,

A derived Temperuture Humidity Index (THI} can be obtained from dry bulb
(tdb) C, and dew point (t ) C according to the following relationship:

THI = ty * 0.36 tdp + 41,2
Berry et alia (1964) have related the milk production decline (M dec) in Holstein
dairy cows .u the Temperature Humidity Index (THI) as follows:

M dec = ~-1,075 ~ 1,736 NL + 0,02474 (NL} (THI)
where NL is the normal level of production in kg per day.

A decline in production at THI values of 70 and above for cows producing
at least 15 kg per doy is indicated from the previous relationship which is mainly
bused on laboratory results, Although the most pronounced decline in lactation at
40°C was shown by the Holstein cow, yet the milk yield from this cow was still as
high or higher than other cows. Ansell (1976) observed that lactating British-Friesian
dairy cows could maintain both yield and bady condition in a hot climate such as Egypt,
when fed a suitable ration. The consumption of the ration during hot summer months
took considerably longer, When night-time temperatures are low enough to permit dairy
cattle to recover through dissipatien of accumulated body heot, they are able to with-
stand relatively high doytime temperatures. Compensatory growth con follow o suppres-
sed growth period caused by heat stress when animols voluntaorily reduce food intake to
maintain homeostotis, In Foct,within certain limits the ability of growing animols to
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recover from adverse climotes is considerable. A yield forecast con be made allowing
for normal climotic variation using THI or o climate control can be used, as reported
by Hahn (1976); the emphasis on shelters is shifting from being a mere safeguard
agoinst chilling winds and the radiation load to o productive function through the
provision of heating and cooling, so creating optimum conditions for maximum produc-
tivity in all latitudes. Obviously, the latter system has to be subject to cogkbenefit
considerotions,

Livestock reproduction can be quite adversely affected by hot weather,
particularly severe or prolonged exposure to severe heat, e.g. 40°C for 12 hours
can adversely affect spermatogenesis in bulls, Likewise with cows,a negotive re-
lationship exists between body temperature at breeding and subsequent conception rates.

Ingrahom gt alig (1974) found the average THI of the second day prior to
breeding to be closely related to conception rates. Hahn (1976L using Ingrcham’s
results,related average rectal temperature {RT) to THI and conception rates {CR) to
THI for dairy cows in summer conditions, The equations used were:

RT = 29.3 + 0.13 (THI)

CR = 388.3 - 4.62 (THI)

The latter equation would be helpful in estimating annual yield figures assuming
that water availability, posture production and potential disease ond pest patterns
were taken into occount,

Christianson (1978) represented cumulated stress (C.) in terms of food
intoke deficit as a function of the departure of the average aqily temperature from
the upper end of the thermoneutral zone (T ). The latter is related to the weight
(W) kgs of the pig as follows: n

T = 34.7 - 0.033w 9-72
na

Comulative stress (C_) is also related to the weight (W) of the pig ossuming a food
energy level of 13 kJ per kg.

Compensatory growth after heat stress, with respect to animal growth per-
formance, can be related to o biologicel accumulation index in the form of o dimension-
less compensation rate (Cr) where

Cr = 0.35 (L - exp (-0.347 cs/w°'3))

A book-keeping technique has been used to assess Cr whereby colculations are made on
a day~by-day basis so that weight-gain deficits are added during heat stress and sub-
tracted during non-stress periods when compensatory weight gain occurs.

A climatological assessment of disease potential would be a beneficial aid
to livestock management. A tobulation or chart of significont periods, say three
days when rodiation was on cbsolute minimum, i.e. overcast sky and relative humidity
remained over 60 per cent, would be a useful management aid in the control of foot.
and mouth disease. Similar tabulations for other disecses or pests would ossist in
yield assessment,

During heat stress sheep have o restricted food intoke at 32°C or above.
As with most cattle, sheep perform best with an average daoily temperature range
between about 4°C and 24°C provided relative humidity does not become extreme; the

&
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range could be reduced by about 3°C where sheep ore exposed to a high rodiant heat
lood. Newly born and recently shorn sheep are susceptible to hypothermia when ex-
posed to a combination of rain, low temperatures and windy conditions. A nomogram
prepared by the Bureau of Meteorology Australio (1982) con be used as o management
aid to ensure shelter whenever adverse weather is forecast.

Making use of econoclimatic models Maunder (1979} used differences in the
weather between seasons to predict the national wool production in the subsequent

seqQqson,

2.4 Doto requirements for improving livestock production

Data bank

The basic meteorological data stored in the data baenk represent o summary
of the climatic resources of a country. In addition to the fundamental meteorclogical
dota all relevant satellite information should be stored for future use. Satellite
information provides areal surveys of elements, whereas troditional meteorological
observations are geared to o point.

Real-time service

The provision of forecasts and warnings is essential to efficient livestock
management. A knowledge of the overall current weather from bulletins of rainfall,
etc. together with forecasts and outlooks for extended periods enable planning
to be carried out regarding the provision of water, food, shelter, etc. Receipt
of specific warnings of floods, bushfires, hot or cold spells, enables strategic
measures to be tcken to protect and sove the lives of cattle, etc. An ongoing drought
watch should be kept at all times and bulletins issued whenever serious or severe con-
ditions exist, Using decile rankings it is often possible for the meteorologist to
calculate the amount of rain needed to alleviate a drought ond to assess the proba-
bility of the drought being broken in a given period. It is also possible to use
deciles to estimate safe stocking rates on an area, water storage, soil stote, etc.
When the special meteorological requirements that foster disease or pest outbreaks
are known then real-time values of such elements, together with predicted values, can
assist management in control or erodication.

Agrometeorological dota

In order to enable aon interdisciplinary approach to improve livestock pro-
duction, o compilation of the reaction of all livestock to significant meteorological
parameters should be available in a special operational data storage unit. Apart
from the specific detoils of the effect of variation of stondard meteorological events
on livestock additional specifications could include items such as:

e All available statistics on water availebility including underground
storage;

¢ The optimum climate, including allowable tolerance for maximum productivity
for each species of livestock;

® A list of weather-promoted diseoses and pest outbrecks to which livestock
are susceptible, together with values which would indicate an outbreck;

@ All relevant production figures which would enable cost-benefit analyses
to be carried out,
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Relevant mathematical models and empirical physical relationships should be
assessed. A facility should exist so that the primary information stored in the data
bank con be readily programmed to produce probability charts or indices which could
assist management to improve productivity and provide forecasts of probable yields,
etc,

Seasonal loads of extremes of cold and heat stress can be evalvated before-
hand using the data bank and appropriate models, The likely effect such extremes would
have on productivity and reproduction can be predetermined thus assisting in deciding
which type of livestock would be best suited to a particular area.

Climate control

Models are available, which in conjunction with the dota bank can indicate
whether, from o cost-benefit point of view, livestock should be managed in the open,
with partial shelter or with an entirely controlled environment, Modification of the
microclimatic environment may be necessary if bushfire danger is a threat. Appropriate
models can be operated to assist in decisions where the quality of the product is a
premium or where an optimum mix of quantity and quality is desired.

Probability charts

As water is fundamental to primary food production for stock and for the
secondary production of livestock, probability maps of all aspects of water avoilability
should be readily available to the manager. Other probability charts such as disease
and pest outbrecks should be based on the frequency or return periods of meteorolegical
elements which sponsor outbreaks.

Transport, markets, etc.

The proximity to transport and markets is a primary consideration for a
manager. Dota on the storing qualities of livestock products and the cost associcted
with transport to market, need to be considered when assessing the profitability of
a venture, If stock are to be sold 'on the hoof' then the cost of transport and the
condition in which the stock will arrive at market may be a factor of preveiling.
meteorologicol conditions,

ACKNOWLEDGEMENTS

Thanks to Dr. Fryrear for the helpful assistance in provision of basic
references,

2.5 References for Section 2

Ansell, R, A., 1976: Maintaining European Dairy Cattle in the Near East, World Animal
Review 20 pp 1-7.

Aschoff, J., 196l: Cold Spring Harbour Symposium. Quart. Biol, {Biol. Lab. Cold
Spring Harb. N.Y.). Vol. 25 pp 11,

Baier, W, and G, W, Robertson, 1966: A New Versatile Soil Moisture Budget. Can. J.
Plont Sci. 46 299-315,




(& r

_ A4 -

Berry, I. L., M. D, Shanklin and H. D. Johnson, 1964: Dairy Shelter Design Based on
Milk Production Decline as Affected by Tempercture and Humidity. Trans,
ASAE 7 (3) pp 329-331,

Brown, G. D., 1971: Aust, Agric, Res. Vol. 22 pp 297,

Bureau of Meteorology, 1982: Bureau of Meteorology, Australia., Weather Service
Handbook, Chapter 14 (in press).

Christianson, 1978: Growing-finishing Swine Performance Model for Confinement Hogs
Raised during Summer Conditions. PhD Thesis University of Missouri -
Columbig,

Coughlan, M. J., D. M. Lee, 1978: The Assessment of Drought Risk in Nerthern
Australia. Natural Hozard Management in Northern Australia, Editor
G. Pickup, Proc. Second NARU Seminar, Darwin,

Hohn, G. L. aoand D. D. Osburn, 1969: Feasibility of Summer Environmentol Control for
Doiry Cattle Based on Expected Production Losses. Trans of the ASAE 12
pp 448-451,

Hohn, G, L., 1974: Environmentol Effects on Ruminant Production - Rationol Decisions
Based on Current Knowledge, Livestock Environment. Proc. of Livestock
Environment Symposium, pp 232-236, Amer., Soc., of Ag. Engineering SP-01-74
St. Joseph, Michigan,

, 1975: Effects of Tempercture on Poultry Production. Unpublished Presentation
at 20th Annual Egg Doy, University of Missouri, Columbia, Missouri,

, 1976: Rational Environmental Planning for Efficient Livestock Production,
Biometeorclogy 6, pp 106-114,

Ibrihim, M, N., D. G. Stevens, M, D, Shanklin and G. L, Hahn, 1974: Model of Broiler
Performance as Affected by Temperature and Humidity. Poper No, 74 - 4538
Am, Soc, of Ag, Engr., St. Joseph, Michigan.

Ingrahem, R. H., D, D, Gillett and W, D, Wagner, 1974: Relotionship of Temperoture
and Humidity on Conception Rate of Holstein Cows in a Sub-tropical Climate,
J. of Dairy Sci. 57 (4) pp 476-481,

Mounder, W. J., 1974: The Prediction of Monthly Dairy Production in New Zeoland
through the use of Weighted Indices of Water Deficit, Tech. Note No, 227,
N.Z. Meteoralogical Office,

, 1979: The Use of Econoclimatic Models in Notional Supply Forecasting: New
Zealand Wool Production. N,Z. Met. Office Note No. 92 N.Z,

Morrison, S. R., G. L, Hohn and T. E. Bond, 1970: Predicting Summer Production
Losses for Swine, Production Research Report 118 - US Dept. of Agriculture,
Washington D.C,

&




» & 9

START INDEX - 45 -

Tromp, S. W., 1980: Biometeorology. The Impact of the Weather and Climate on Humans
and their Environment, Heyden, London, Philadelphio, Rheine.

Webster, A, J. F., 1972: Physiology Ch, 2 Ed. J. D. Robertshaw, Butterworth,
London, U.K,




sl &~ o

- 46 -
3. DETERIORATION OF PLANT COVER AND ITS ECOLOGICAL CONSEQUENCES*
Introduction

Desertification is the spread of desert conditions to neighbouring areas
or the intensification of such conditions in the desert itself. 1In any such process
o number of complex interrelated factors come into play, in particular, those related
to the effects of climate, soil, flora, fauna and man.

In certaoin circumstances these factors can precipitate or intensify o
series of events that can lead to deterioration of the vegetation and seil in a
locality and surrounding aereas. This process can directly affect the local production
system, which is elready insufficient and of low yield by extending the diminution of
plant cover to agricultural lond, with consequent erosion and the formation of dunes.
Indirectly, it causes a large decrease in human settlement or the population migrates
because of the area’s restricted capacity to generate income and to provide appropricte
sustenance for man and food for his livestock.

From time immemorial the climate, large-scale orogenic movements, encroach—
ment of the oceans, and man have been considered to be the factors most likely to
lead to eridity and desertification,

Certain phenomena related to these factors are still unpredictable in both
nature and frequency, for example, variations in climate and large-scale orogenic and
ocean movements. Others, for which man is responsible, have been brought about by
inapt or abusive use of the land which has in general been used without the knowledge
required to conserve its nutrients, covering and richness, The factors man and
climete, considered from an ecological point of view, are by no means independent and
have been particularly important in the progressive desertification.

It is obvious that one of the major reasons for land degradation is man's
inappropriate use of plant cover. It is necessary to know how vegetation helps to
conserve the soil ond how to identify the signs and processes of desertification, as
well as what happens when resources become depleted or exhausted.

Soil is conserved by the plant’'s root system which fixes the soil, and by
the plant as @ whole reducing wind velocity and hence erosion; likewise branches,
leaves and roots dampen the impact of falling rain so that the reain falls softly and
slowly on the land and does not drain away rapidly. There is therefore less erosion
of soil particles on and below the surface because the vegetation itself prevents
particles from being washed away by the rein. Furthermore, when plants die their
branches, leaves and roots disintegrate and decompose, becoming incorporated in the
soil as organic matter, thus helping to improve the soil structure and its capacity
to absorb water,

Vegetation in desert zones is choracterized by o small mass dappearing on
the soil surface, which is only partially covered, and by low productivity and pala-
tability. Being part of a fragile ecosystem, which is particularly vulnerable and
inflexible, the plants take o long time to recover and their lifespan, though already
brief, is much affected by problems of weather and climate, os well as by phenomena
induced by man (overgrazing, fire, woodcutting, salinity, erosion) and a series of
socio-economic factors.

*by M, Garabatos (Argentina)
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3.1 Agrometeorological factors relotive to pasture degradation

Mabbutt (1977) states that "two major foctors are certainly invelved in
desertification, namely stress of on arid climote reinforced by periodic drought,
and the impact of man's use of desert lands",

He continuves: ",.. there are those who place greater emphasis on ane of
these (factors) to the virtual exclusion of the other. A true appreciation of the
problem and any effective remedial measures require careful consideration of both,
but it must be underlined that they are not independent factors, for instance, unwise
cultivation of morginal lands can increase wind and water erosion. This very inter-
connection presents o major problem in analysing the evidence.

"Two other sources of difficulty should be mentioned. The first is the
lack of climatic records of any length in desert areus where recording stations
still tend to be widely spoced, and, associaoted with this, the lack of systematic
measurements of vegetation cover., The second, which is exocerboted by the first, is
the extreme variability of desert rainfoll from year to year, or over runs of years,
and with this a marked fluctuation in the extent of effective aridity.,"

It is interesting to note further that "the climotic desert margin advances
in dry years aond retreats in relatively wetter periods. This renders 'averages'
meaningless, and makes it difficult to identify longer-term trends against a back-
ground of shorter-term climatic cycles of marked amplitude",

Mabbutt also states that "analysis of the climatic factor in desertification
at the regional scale only is quite inadequate; as o control of plent growth in
deserts, climate must be studied at the scale of its interaction with the ground
surface and particularly as part of the soil/plant/woter/atmosphere complex. It is
more convenient to do this in the context of desert ecosystems",

In his report Mabbutt roises four questions concerning the uncertointy
that reigns regording the role of climate in the problem of desertification,

The first question is whether we are experiencing climatic change or
climatic fluctuations. As Mobbutt puts it:

"The first question has arisen in view of evidence that, since the 1950s
and 1960s, shifts in the position of the zonul pressure belts in association with
cooling higher latitudes, particulerly of ocean water, have brought the subtropical
high-pressure systems somewhat closer to the equator and have limited the latitudinal
range of the intertropical convergence, thus reducing rainfall in the desert high-
pressyre zone, particulorly on its equatorward fringe., It is suggested thot the
pattern has continued into the 1970s on a world scale, including the southern hemi-
sphere deserts, and thot the change may persist for a few centuries. Some of those
who presage o long-term change of climatic regime point to evidence that former
changes from pluvial to non-pluvial periods have been achieved over o century or so,

"On the other hand the magnitude and duration of the Sahelian drought,
which broke in 1974, was not unprecedented in climatic terms, despite the short
records, The drought of 1913, for example, was probably equivalent, and may have
caused greater loss of human life, if not of animals,
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"At this stage, porticulorly in the light of the recovery of rainfall in
1974 and 1975, it is advisable to regard the Schelian drought as port of a climatic
fluctuation with o period of the order of one or two decades, such as is likely to
occur once or twice in o lifetime. In any cose, the consequence of a longer-term
trend to aridity would merely be that such fluctuations would be more certain to
recur, probebly with increasing intensity. It is not necessary to see the Schelian
drought of the 1970s as a special manifestation of the onset of a chonged desert
climotic regime, ond it would be mistoken in considering remedial measures insofar as
its human consequences have their origins in human cctivities over the preceding years,

"Consideration of longer-term variations of climate roises the question of
the time perspective in which the problem of desertification is to be assessed and
combated. It is commonly accepted that this must be of the order of a generation or
two, namely twenty to fifty yeers. However, evidence of longer-term climatic changes
may be relevant in considering the status ond inherent stpbility of desert landscapes,
and particulorly the relative importance of natural and human causes of desertification
over historical time,"

The second question is whether man-induced changes have provoked a sig-
nificant recent deterioration in desert climates, Mabbutt continves:

"A number of claims have been made that the desert climatic regime may
have worsened because of man's degradation of desert ecosystems, These postulated
positive feedbock mechanisms include: (a) increcsed dust and other aercsels in the
upper atmosphere; (b) diminution in the number of organic ice nuclei in the atmo-
sphere through devegetation, thus reducing the rainfall; (¢) increased albedo of
degraded desert land surfaces, causing lowered surface temperatures and diminished
convectivity and aossociated roinstomms; (d) increasing atmospheric concentration of
CO,, cousing a general rise in temperature through its absorption of infrao-red solor
ragiotion (greenhouse effect),

"The direction of influence of some of these factors, notably increased
dust in the troposphere, remaoins the subject of controversy; some, such as dust and
C0,,, may counteract each other. Others (albedo effect) have been incorporated
ef?ectively into dynamic models of atmospheric circulation and precipitation. At
this stage it would be realistic to recognize thot some of these factors may have
accentuated desert climatic stress, but are most unlikely to have been prime couses
of recent major droughts. It is also most likely that more direct physical con-
sequences of some of the postulated causes, notably the effects of surface degradation
on microclimate, runoff, infiltration and evaporation, moy have been immeasurably
more important than any mocroclimatic changes,"

The third question is whether long-term weather forecasting will moke it
easier for man to cope with the uncertointy of desert rainfall in the forseeable
future,

"The existence of rainfall cycles in desert climates is well authenticoted.
Of these, the biennial and five-year cycles constitute the immediote variability
agoinst which any desert land-use system must operate; their effects tend to be
absorbed in various ways by flexibility, resilience, or reserves in such systems,
More significant are the fluctuations with o periodicity of one to two decades,
which are expressed as runs of wetter and drier years, It is not merely that the
decadaol fluctuations include more extreme rainfaolls, they also intercct more signifi-
cantly with foactors affecting systems of desert lond use, for instance, world commodity
prices ond disease or breeding cycles in stock,
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"Unfortunately reinfall fluctuations of this periodicity are not sufficiently
regular to form a bosis for predictions of seasonal rainfall, and certainly not a basis
for short-term agricultural planning.

"Possibilities of seasonal forecasting may rest in:

(a) Establishment of climatic teleconnections; for example it has been claimed
that a forecast for an African rainfoll in ony year can be made from the
pressure anomaly in the previous (northern) autumn in a crescent extending
from the Ganges through the East Indies into Centrol Austreolie. These may
provide a rough basis for general agricultural planning within the next
few years, particularly where the correlation exhibits a time lag of some
menths,

(b) The establishment of fundamental dynamic models of atmospheric circulation,
incorporaoting known factors such as equatorward temperature gradient ond
ocean temperature anomolies. Current developments can be described as
promising in their elucidation of the mechanisms and contributory factors
involved, but reliable forecasting models may lie one or two decades ahead.

(e) On o shorter term and more local scale, the use of sotellite imagery to
monitor the movement of air mosses and storm cells; ot this stage the
aopproach is limited to forecaosts o few days aheod. It has uses in locating
areas of incidence of patchy rainfall, with conseguences for the use of
desert pastures, for it should be emphasized that, in the deserts proper,
roinfall tends to be quite locolized in space as well as in time, and rain
forecasts must always incorporate this geogrophical uncertainty."

The fourth question is whether man can ocmeliorate the desert climate to his
advantage,

"The omelioration of desert climote on o regional scale has been an objective
of many schemes, Some of these have involved the formation of large inland water bodies
to act as evaporative sources of local rainfall through the diversion of river systems.
Fortunately, perhaps, the cost of such schemes has prevented their implementation
because theoretical testing has strongly indicated their uselessness. Schemes of this
type overlook the fact that the existence ond location of the world deserts are
determined by the global atmospheric circulation, for they are high-pressure regions
of subsiding and therefore stable air on on immense scale, Subsidence may locally be
reinforced by relief, whilst the likelihood of roinfall may be further diminished by
distances from the oceanic sources of rainfall or by the existence of cold littoral
currents, inducing unfavourable temperature gradients inland, None of these global
factors will be modified by the existence of a local water body, as witness the many
deserts bordering the oceans,

"Other schemes for the modification of desert climate on o regional scale
have included tree planting and the creation of a so-called 'oasis effect'. Although
beneficial at the local climate scale, these con be demonstrated to have no effect on

regional roinfall,

"Rain-making through cloud-seeding has so far been employed in sub-humid
rather than in orid regions, for rainfall caon be induced only where cloud and humidity
conditions are favourcble, and this is least likely in a desert, The mechanisms
involved olso indicate that rain induced to fall locolly would be at the expense of
the probability of roin in o much larger contributory area. The possibility remains,
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however, that rain might be induced locally with advantages, for example over a
potentially favourable pasture type or in a harvested drainage catchment rather than
in a less productive or uncontrolled area, Significant success in ortificigl rain-
making has yet to be achieved in any orid area, ond the costs of the operation might
in any case exceed their benefit,

"It oppears to be reolistic to assume that, in the period under considera-
tion, desert lands will be used against the some climatic difficulties ond uncertain-
ties as in the past, and to plan future use on the basis of an understanding of the
risks ond limitations set by existing climate, rather than in the expectation of more
certain or improved climatic conditions.”

3.2 Natural and socio-—economic factors in the .diminution of vegetative cover

Overgrazing
In most coses, overgrazing results from the uncontrolled size of herds
which considerably exceed the capacity of the available vegetation cover to feed them.

Under such pressures as overgrazing and the trampling around livestock
watering points and enclosures, the biomass gradually diminishes. The selective
effects limit productivity and are brought about by excessive browsing on shrubs
and changes in the structure of the vegetation when the most palatable species are
supplanted by less palatable plants; perennials give way to annuals and plants that
are most resistant to progressive desertification toke over from those that are
weaker.

Consequently the land has less cover and progressively lacks protection
against the vagaries of the weather which deteriorate it sooner or later resulting
in problems of dessication, weakening, erosion and the formation of crusts. It is
then difficult for water to penetrate and for vegetation to germinate and grow, These
conditions are accentuated by drought and lead to large-scale erosion which in turn
disturbs and removes the soil leaving crevasses and dunes - infallible indications
of the approaching transformation into desert.

Man can initiate and continue degradation of the vegetation by indiscriminate
use of fire, Surfoce temperatures of around 400°C can generate fires and destroy not
only plant cover - firstly trees, then bushes and finally pastures - but also micro-
organisms, thereby going on to upset the already weak and unstable biological equilib-
rium found in desert ecosystems.

This destruction can extend to soil humus and the organic matter in the
topsoil. When this occurs the living surface, which in desert zones is extremely
thin and highly vulnerable as well as being slow to recover, shows signs of the dis-
equilibrium in the ecological system, disintegration of the colloids, together with
edaphic granulation, and destruction of the best system for basic interchange. This
leads to leaching of the useful soluble components and erosion which increasingly
drains soil susceptible to desertification. If there is prolonged drought at the
same time, degradation of soil deprived of its plant cover by fire is accelerated
until the effects become virtually irreversible,

It may be concluded that although fires appear beneficial, controlled burning
does not necessarily ensure complete effective regrowth or resowing, which depend upon
the effects of the fire and the subsequent weather conditions,and these are risks which
mon cannot yet control.
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Woodcutting

The destruction or uncontrolled use of trees, in general for agriculturol
or industrial purposes, is frequently another cause of destabilization in desert eco-
systems which, os already mentioned, are vulnerable and slow to recover,

Elimination of wood cover carried out hophozordly leaves the naked and totally
unprotected soil at the mercy of climatic instobility unless corrective measures are
taken straight away. These processes can lead to practically irreversible degradation
in the long or the short term,

It is necessary to bear in mind the importance of vegetation, including
trees, bushes and pastures, in the settlement and improvement of the soil, in the inter-
ception of roinfoll and the mitigation of strong winds, thereby contributing to im-
provement of the water supply and the diminution of erosion. These advantages are
lost when woodcutting does not ensure replocement of the plant cover and replanting.
Salinizotion

Soils also deteriorate through salinization, which caon occur in semi-arid
and even humid regions but is particularly destructive in arid zones, especially those
with o low roinfall of generally less than 100 mm, These are highly vulnerable desert
regions where the more or less constant lack of extensive roinfall and permanent high
evoporation facilitate  a fairly ropid increase in the level of basicity of the soil.

As o result these soils show an alkaline or neutral reaction on the surface
and an alkaline reaction further down, If drainage is limited ond if the evaporation
becomes excessive, the soluble salts - moinly of sodium - tend to accumulate in the
surface layers and to produce soline salts. Concentration of the latter can become
so high that they threaten the growth and even the life of the plant cover. The
plants die following an increase in osmotic pressure which becomes intolerable for
the plants' roots and does not ollow the absorption of water and nutritional elements.

Saline accumulation in such poorly draoined soils can be due to their own
composition, subterranean sources or irrigation channels misused by man, The problem
becomes more acute when soaline water is used for irrigotion, porticulorly when it
comes from rivers, whose saline content increases when stored in daoms due to the
evaporation of the water,

The removal of desert vegetation in any of the obove ways gives full rein
to physical degradation processes in the desert ecosystems., For example, these may toke
the form of crevasses coused by erosion, sand drift or dune encroachment owing to the
existence of soil that is highly vulneroble because it has sparse or non-existent plant
cover, leaving it without any protection or organic material to preserve its structure
and capacity to absorb woter. The result is poorly fixed soil of low consistency and
moisture content,

Erosion can lead to consideroble loss of valuable land., It can be o natural
phenomenon tcking place slowly and normally following a geological or habitual pattern,
but when it goes beyond the norm it becomes accelerated erosion. This occurs on de-
nuded or sparsely covered surfoces with no protection against changing weather, par-
ticularly insolation, wind, heavy rainfall, under adverse topographical or edaphic
conditions such as surfaces with steep slopes and poor structural stability.
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Water erosion can take place in sheets (the surface being removed in uniform
layers), in gullies accompanying or following the sheets when the intensity of the
rainfall increases, or in watercourses, i.e. in passages of concentrated rainfall
(ravines or gorges).

Wind erosion is peculiar to arid and semi-arid oreas ond rarely occurs in
humid ones. The changes it produces are characterized by abrasive effects on the
moving matericl, the extent depending on the state of the soil and the wind speed,
The separation of soil particles followed by their transportation are typical of this
phenomenon., The particles carried by the wind can cover distances of hundreds of
kilometres suspended at heights of from a few metres to 1 000 m, falling slowly as
the wind velocity decreuses or they are removed from tbe surface by the rain, These
effects are increased by persistent drought conditiohs or by man's mismanagement of
the land,

The wind can give rise to a certain type of sand formation of small or
large relief, i,e. in the former case crescents and in the latter dunes. Changes in
wind direction aond velocity and the presence of vegetation can alter these typical
forms somewhat but not to any significant extent.

The balance of arid ecosystems, especially deserts, is probably destroyed when
for the first time man ploughs the earth to plant seed or grozes his livestock on the
sparse fragile vegetation,

Subsequently negligence, or more frequently lack of knowledge and insoluble
socic-economic problems, lead to abusive uncentrolled use of the plant cover, When
this happens, without realizing it, man sets in motion a lend destabilizagtion process
that is prolonged and accentuated whenever the populotion of a settlement exceeds the
available resources in the area. Exoggerated competition for scarce natural resources,
frequently associated with uncontrolled grazing, woodcutting, solinization, erosion
and the formation of dunes, leads to the deterioration of large areas until the way is
left open for desertification.

At present, many of the couses of desertification are better understood and,
although there is still a lack of knowledge concerning some of them and their relative
importance, the experience gained shows how importent it is to be aware both of the
rapidity with which productivity in arid zones, particularly deserts, can disoppear
and of the difficulty of recovery from the agricultural point of view. It is hecessary
to recognize signs of desertification in sufficient time before the deterioration of
the scil and plant cover have reached such a high level that, for ogricultural and
economic regsons, recovery is almost impossible,

Furthermore, one of the indirect causes of ecological deterioration in desert
regions is to be found in the numerous socio-economic, political and cultural factors
governing the living conditions of the inhabitants. They lack protection, do not have
the opportunity to become owners of their lend ond water resources, do not enjoy ade-
quate housing, liberal credits, health care ond education for their families nor do they
receive the orientation necessary to improve techniques of conservation and vtilization

of resources in such regions,

3.3 Reference for Section 3

Mabbutt, J. A., 1977: Climatic and ecological aspects of desertification. Nature and
resources, Vol. XIII, No. 2, Unesco,
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4. NON-IRRIGATED FARMING (DRYLAND AGRICULTURE) IN ARID AND SEMI-ARID AREAS*

4.1 Methods of assessment of actual and expected ogrometeorological conditions
for non-irrigoted farming

The production of cultivated crops in any area is dependent on many factors,
Some can be influenced by management decisions ond some ore beyond the control of man.
Major changes or development plans for the long-term strategic use of land involve
outlays of capital for greater than the operational costs in any one season, There-
fore, such changes or plans must be based on a sound cppraisal of the climatic advantages
and climatic risks.,

For dryland agriculture in semi-arid and arid areas to be successful, certain
basic conditions must be recognized. The most successful crops have a moisture-use
pattern that corresponds to the maximum rainfall periods. The rainfall storage
efficiency of coarse textured soils is usually less than 30%; so the crop should
efficiently use rain as soon as possible to minimize evaporation of soil water. The
crop must not only survive short drought periods, but be able to respond when additional
rains are received. If the crop is estoblished after the rainy season it should have a
short growing season,

The use of stubble mulch practices will increase rain water storage efficiency
by reducing runoff and evaporation losses. In areas that do not grow residue crops,
shallow tillage of the soil after a rain as soon as the soil surface starts to dry
will help reduce evaporation losses,

Most semi-arid dryland cropped areas are characterized by wide variation in
onnual rainfall, This means that the farming systems must be flexible to maximize
crop yields on the limited rainfall. Some years will be too dry to grow any crop.

In some yeors the rains may come too late to grow a long season crop, but a short
season crop may be grown, Critical temperatures may determine the planting dote and
may limit the crop depending on its maximum temperature,

After summarizing 15 years of dryland studies at Akron, Colorado, Mattice
(1926) concluded that dryland farming in an orea receiving only 450 mm of rainfall was
decidedly precarious. Sixty years later we see extensive dryland ogriculture in the
450 mm area and development of cultivated agriculture in a 360 mm roinfall area.
Cultivation of sandy soils in low rainfall areas is possible, but the risk must be
recognized,

The science of agro-climotology aims at the interpretation of the climate
or the expected type of climate over a decade or so in terms of the most suitable
form of crop production, Comparison of the climate in areas where a crop is grown,
ond where the highest yields are obtained, with oreas growing the same crop, but
having a different climate, can give useful information regarding the weather limita-
tions and optimum growing conditions,

Rainfall

As annual rainfall decreases the selection of crops and management schemes
becomes more limited and critical, Moving from the sub-humid to the semi-arid or
arid areas, selection will be limited to those c¢rops that will survive and still
produce under increasing moisture, heat, and soil stress conditions. Excluding the

*by D.W, Fryrear {(USA)
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cold orid regions, as roinfall decreases, the oir and soil temperature increase, sub-
jecting plants to additional environmental stress,

All agricultural crops require water to grow. To produce maximum yields
the distribution of moisture during the growing season may be equally or more important
than the omount received. The most successful crops are those with moisture use
patterns that follow or slightly lag behind the normol rainfall pattern. For most
crops the availability of soil moisture at seeding is critical. Without sufficient
moisture to germinate the seed ond supply the minimum crop needs, no cultivated crop
can survive. After crop establishment, the reproductive development is the second
critical stoge. In the grain crops seed filling is a third critical stage. The
rainfall storage efficiency in sandy soils in semi-arid regions is low. More effi-
cient use of available moisture will result if the crop can begin utilizing the soil
moisture soon after o rain, and the crop growing season is short (Toble 10).
Wind

In most semi-arid regions wind has played a major role in the geomorphology
and continues to influence agriculture because of its effect on soil erosion and
growing plants. Exposure of crop seedlings to wind-blown sand can reduce survival and
crop growth (Toble 11). Excessive wind movement coupled with high air temperatures and
low humidity can desiccate both irrigated and dryland crops. A few houred exposure to
high evaporative demand during critical growth stages can lower crop yields from near
potential to near failure,

Humidity

The drying ability of the air will influence the crop selected, planting date,
and crop yields. Even though the soil is wet, if the humidity is low and temperatures
are high, considerable environmental stress can be placed on the crop to maintain its
leaf temperatures below the critical level.

Temperature

All crops have an optimum temperature at which plant growth is maximum,
In semi-orid regions the minimum temperature for seed germination and growth may not
be as important as the maximum but will influence the planting date of most crops.
Air temperotures during the growing season are importaent because of high-temperature-
induced stress. Some crops adapt to temperature stress by curling the leaves, dropping
leaves, or abscissing fruiting forms,

Solar_radiation

Solor radiation is the driving force behind all stress factors, The impact
of high rodiation may be reflected in increased plant temperatures or increased trans=—
port of a growith inhibitor from the leaf to the stem. The intensity of vltraviolet
(UV) rodiation is usually too low to damage proteins and nucleic acids in the cells of
higher-order plants. In nature, direct UV injury is not likely to occur because of
the plants’ability to tolerate reasonably high levels of UV (Levitt, 1972).

4.2 Agrometecrological forecasting of crop development and yield

The need for good crop yield models has long been recognized, But the
extreme variability of weather within a short period of time has made the development
of good dryland crop-yield models extremely difficult., Agriculturalists would like to
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have accurate forecasts six to nine months in advance. This would enable them to
recommend practices that would reduce the impact of droughts and more effectively
control erosion,

Without good long-range forecasts, the next alternotive is to study previous
climatic patterns ond agricultural records and attempt to develop models to describe
the relationships, Hooker, in 1931, reported that crop-yield forecasts fell into two
main groups: those which predicted the recurrence of good and bad crops in cycles,
ond those which computed the cctual amount by which yield was improved or which was
damaged by weother during or shortly before the growing period. Models by
Moldenhauer, Mattice and Kincer ore examples of modelsreleting weather and crop
yields. Each model hes advantages and the selection of a dryland crop-yield model
will depend on the intended use of the data and the precision required. These models
will provide information on potential crop yields but will not provide information on
crop response to stress during the growing season,

Munn (1970) summarized similar studies and concluded that "statistical
onalysis may lead to physicol insight into the reletive importonce of various meteo-
rological factors, ond may assist in the selection of the most appropriate averaging
and lag times". For example, it has been found that for early tea (April-June) in
the Assam Valley in India, meon temperature and the logarithm of rainfall, each with
a three-month log time, were significant predictors. For the main crop (July-
September), but not the late one (October-December), the temperature and legarithm
of rainfall in the January-March period were significant predictors. For corn in
Illinois {USA); August mean tempergtures were inversely correlated with yield, but
rainfall during the time period 1955-1963 was not o yield-limiting factor, For a
drought time-period the results may have been different, For winter wheat in the
black-soil regiens of the USSR , it was found that aveileble soil meisture and
sprouts per squore metre was positively correlated with yields, For rice in Northern
Jopan, o positive relation was found between yields ond July-August temperatures.
Crop foilures were noted only in cold summers. For areas further south this
meteorological element might not be a limiting factor.

These studies all illustrate the importonce of interpretation and the
expected use of the results, A more complete analysis is possible when the resulis
are viewed by scientists from various disciplines, For exaomple, @ gradual decline
in crop yields over a 20-year period may be viewed by engineers as evidence of ero-
sion, by soil scientists as evidence of reduced soil productivity, by pathologists
os evidence of increased soil diseases, or by entomologists as evidence of an in-
crease in insects,

Most long-term data sets do not include all the measurements necessary to
determine why yields have changed, If they increase, we give credit to technology.
But if they decrease, the factors responsible are "not evident"; at least we seldom
say it is the lack of technology.

Forecast of o dry period would encble the farmer to plan his cropping

system to toke advantage of rainfall received during the growing season, Crops grow-
ing in semi-arid areas will be subjected to varying intensities of stress each year,
The recent models of Ritchie, Hanks, Jensen, Rosmussen and Hanks, Burt gt gl., FAQ,
and Quisenberry and Baier are examples of models that compute the response of crops

to daily or short-time stress. Insufficient soil moisture at planting may prevent the
production of crops that year unless o short-season crop is planted after rainfall is
received loter in the growing season, For example, dryland cotton at Big Spring, Texas
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is normally planted between 1 May to 15 June, but the lack of planting moisture during
this time period could mean that millet, guar or sunflowers might be planted between
15 June to 15 July if good rains are received.

In the cbsence of accurate long-range weather forecasts, the relationship
between preseasonal reinfall ond crop yields will provide information on expected
yields. Previous analysis revealed that 127 mm af preseasonal rain was necessary to
offset evaporation losses ond increase soil-water storage (Moldenhaver). Soil-water
storage efficiencies are normally 30% of rainfall or less. If you subtract 127 mm
and take 30% of the remaining rainfall, estimated cotton yields con be calculated as
follows:

Yield = 160 + 2.653 (adjusted rainfall), r2

= 0,53

The yield-rainfall relationships are specific for Big Spring, Texas, but the same
technique could be used wherever the data base is available., For Big Spring, the
growing season is 220 days, and temperatures are sufficient to meet the requirements
for maximum production of cotton. The best crop yields are in years with good soil
moisture at planting time and good distribution of rain during the growing season,

A 50-mm rain six weeks after planting followed by another 50-mm rain four weeks later
will give excellent cotton yields even if the annual rainfall is below normal, If
production costs are such that ot least 250 kg/ha of lint is the minimum vield that
will be economically feasible, then at least 33 mm of adjusted preseasonal moisture
(237 mm total) is required. If preseasonal rainfall is below this level, the farmer
may have to grow a crop other than cotton or the farmer may elect to use a wider row-
pattern, so each row has a larger volume of soil water. Cotton has the ability to
extract soil water 60 to 80 cm on either side of the row,

The FAO model was tested on dryland cotton yields over a 38-year period to
see if it could be used to predict yield-climatic relationships. Since preseasonal
rainfall will influence the avoilability of water in the soil profile at planting,
the beginning soil moisture was adjusted according to the Main rainfall as follows:

< 100 mm RS = 30
100-150 mm RS = 60
150-200 mm RS = 90

> 200 mm RS =120

The rainfall values ranged from 48 to 335 mm, and the FAQ Index values varied from 7
to 80. The linear regression equation for cotton yield = 17 + 5.3 (FAD index) gave

an r value of 0,61, With an indeterminate crop like cotton, the plant can respond to
mid-season rains. The FAO index will not increase once it shows the soil water has
been depleted, even if the remainder of the growing season had adequate water, If an
indeterminate-type crop is being tested, an additional term may be required to cccount
for the changing crop-yield potential when mid-season rains offset an early-season
drought,

The doily soil water budget model (Baier, 1966) utilizes standard meteoro-
logical data to estimate soil water use by layers, but may provide more data than
normally reguired to evaluate dryland crop yields on a large-area basis.
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If the intent is to use the model results to aid in moking management
decisions, the simplistic statisticol models moy be best. Normally, decisions must
be based on the present conditions and the most probable forecast of future conditions,
A team consisting of agrometeorologists, agronomists, ond engineers would be helpful
in selecting the optimum model and in interpreting the results,
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START INDEX
TABLE 11
Exposure time of 7 crops to a 1 500 cm/sec wind,

sand flux of O.SAQm/cm/sec, ond plonts 6 days old
that will give 25, 50 or 75% survival (Fryrear, 1975)

Per cent survival

Crop 25 50 75

Exposure time in minutes

Cottan | 18 12 7
Carrots 11 8 4
Onions 31 21 11
Peppers 12 8 4
Cabbage 15 10 5
Cucumbers 21 14 7

Southern peas 49 33 16
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5. IRRIGATED AGRICULTURE IN ARID AND SEMI-ARID AREAS*

The water resources of deserts and semi-deserts consist of permanent and
ephemeral surface runoff, groundwater and precipitation. They are used for irrigated
agriculture and the waoter supply for industry, stock raising and the human population.

Over many centuries, the peoples of Centrol Asia have created large agri-
cultural areas on what was once desert land by using river woter for irrigation,

During the period of Soviet rule, the irrigation system in this area has
undergone radical chonges, mainly in the form of network reconstruction. Projects
have also been developed to moke full use of the runoff, from the large rivers in
Centrgl Asia, namely the Syr-Darya (annual runoff 31 km") Amu-Darya (annual runoff
60 km" )}, Murgaba, Tedgena, Vakhsha, Kashkadarya, Zeravshano, and others. This has
made it possible to stort reclaiming desert areas which had been neglected since
irrigation was stopped centuries ago, das well as new virgin land.

Specialists have calculated that it is possible to obtain annually 155
million tons of cotton, 500 000 tons of rice, 330 000 tons of maize, 770 000 tons of
milk, 200 00CQ tons of meat and other products from each million hectores of desert
land on which irrigation has been resumed.

Irrigated agriculture is the most profitable type of farming in arid con-
ditions.

Of great importance for the development of irrigated agriculture in Central
Asia was the construction of the Lenin Karockum Canal in Turkmenistan, the establish-
ment of new large cotton-growing areas in the Golodnaya Steppe and in the Karashinskaya
Steppe in Uzbekistan and a number of other oreas, thanks to the ropid introduction of
irrigation.

Several tens of luarge land-improvement and woter-management schemes have
thus been set up, including the Amubukhorsky power-driven canal, Karshinsky conal with
six single-channel pumping stations, and the Bolshoi and Andizhonsky and Bolshoi
Namangansky canals, as well as the more than 100 km of the Karckum conal, The follow-
ing works ore now also in operation: the Chuisky by-pass, South Bolshoi Chuisky and
Upper Dolverzinsky canals, the Tokhiatashsky, Charvakasky, Uchkurgansky, and
Samarkandsky water engineering systems, the Kattokurgansky, Karkidsky, Pachkamarsky,
Khuazkhonsky, Koptdagsky, Chardorinsky and Kapchagaisky reservoirs and o number of
other works, mony of which are unigue in scale, technical design and economic valve.

These water-management developments have provided for the requirements of
irrigation and the reclomation of lorge oress of desert land in Centrol Fergong,
uncultivoted greas in the previously irrigoted Golodnaya Steppe, Surkhan-Sherabadsky
and Vakhshsky valleys, the lower reaches of the Amudarya river, the region of the
Karakum conal and Karckalpokia,

During the Soviet period, the areec of irrigated land in the desert parts
of the USSR has been increased threefold,

*by I. G. Gringof (USSR)

(Since the planned material for this section was not forthcoming, the chairman of the
working group decided to replace it by available data on Soviet experience in this
field drawn from (1) in the references for this section.)
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This has permitted o considerable increase in the production of raw cotton
in the Central Asion republics over the last decade (see Table 12).

Table 12 - Increase in irrigated land areas (in thousands of ha) and
cotton production (in thousands of tons) in the Central
Asian republics*

1940 1965 1970 1975
Uzbek SSR
Irrigated areo 227 6%+ 2639 2696 3006
Including land under cotton 924 1550 1709 1773
Raw cotton output 13846 3746 4495 5014
Turkmen SSR
Irrigated area 454 514 643 819
Including land under cotton 150 257 397 487
Raw cotton output 211 553 869 1078

* Norodnoe Khozyaistvo SSSR na 1974g, M., Izd. "Stotistika"™, 1975
** Data for 1950

The use of new technology for irrigating desert lond has made it possible
to economize large quantities of woter which were formerly lost through filtration
and unproductive evoporation. Such technology includes anti-filtrotion linings ond
pipes in the irrigation network, closed horizontal and vertical drainage, regulating
structures and modern irrigation means (sprinklers, underground and drop irrigation).

In some deserts, precipitation is an important source of fresh water. For
example, the deserts in central AS§° annually receive 100-200 mm of water in the form
of rain and snow, i.e, 1000-2000 m" of water per ha. Nevertheless, o large part of
this evaporates, although part also seeps into the soil nourishing the plants,

One method which is widely used now for replenishing the fresh groundwoter
is to store up the surface roinwater runoff from "tokyr" (pool} drainage basins.

When there are no cloyey takyr soils, artificial drainage areas are created
using aspbhalt, cement and other coverings, It has been colculated that 1 hectare of
artificial drainoge area in the Karakumy can collect up to 700-800 m" of fresh water.

Groundwater discovered over large areas of the desert has also been widely
used.

One important improvement of the water supply to scottered, small-scale
vsers in the desert is achieved by distilling mineralized water (whether underground,
sea, droinage, runoff water, etc.). Even in deserts, these water resources are
practically inexhaustible,
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Considerable success has been achieved in creating large distilling plants
for municipal and industrial woter supply. In Krosnovodsk (Turkmen SSR) ond Shevchenko
(Kazakh SSR), multiple-unit evaporating and adiabaotic distillers have been constructed
with an output of 13 200 and 15 000 ma/day, whose fuel consumption has been con-
siderably reduced, thus lowering the cost of fresh water, In 1973, the world's first
atomic distiller was put into operation in Shevchenko, whose output is 120 000 m3/day.,

Work is under way to develop small distillers and sun ond wind-powered
distillers,

The planned transfer of part of the runoff from northern and Siberian rivers
to Central Asio, Kozukhstan and the river Volga basin is of particular importance for
bringing water to the deserts of the USSR.

The study of this vast problem has been included in work programmes by
decision of the 25th Congress of the CPSU and the Soviet Government, The enormous
amount of work involved in river runoff tronsfer, including the estimation of possible
impacts on physico-geographical, ecological and socio-economic processes, requires ¢
careful analysis of various foactors. This analysis could be done with the most advanced
research methods used in many branches of science. A wide-ranging progromme of in-
depth research is therefore now being undertoken by the scientific institutions of the
Acedemies of Science of the USSR and the  Soviet Republics, universities and re-
search institutes sponsored by a number of governmental departments., This research
covers the use of water resources and the redistribution of runoff over the USSR
and, in particular, desert reclamation,

Examples of desert irrigation which have received international attention
are those of the Golodnayo Steppe and the Karakum canal zone,

The Goleodnaya Steppe is o desert covering more than one million hectares,
and bordering on one of the largest sandy deserts of Central Asia, the Kyzylkumy.
Irrigation in the Golodnaya Steppe was started even before the Revolution. However,
the lond reclamation was carried out in a primitive fashion and the lond frequently
became saline and was abandoned.

During the first years of Soviet rule, attempts were made to improve the
existing irrigotion systems and to develop new ones.

As irrigation progressed, it appeared necessary to construct intcke doms
on the river Syrdarya, then to regulate the river's runoff with reservoirs, The
creation of doms mode it possible to use the pressure head for producing the electricity
needed for the irrigotion pumping stations as well as the supply of domestic and in-
dustrial water,

The reclamation of the Golodnaya Steppe is o complex undertoking., Con-
struction of the irrigation system is being corried out simultaneously with that of
residential, industrial and cultural-domestic buildings on newly reclaimed land. The
irrigation systems moke use of the lotest technology. Reinforced concrete is widely
used for lining canals, flues, pipes, ond closed horizontal and vertical drainage
channels. The towns and villages are provided with water mains, droins, electricity
and gas. Schools, hospitals, kindergartens, clubs, cinemas and other cultural or
domestic buildings ore being constructed. Factory forms have been set up as well as
processing plants for their products. Likewise, trade ond shopping centres have also
been constructed. Trees have been planted in the towns and villages as well as along
the roads and around fields (for protection).
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The combined construction work and land reclemation in the Golodnaya Steppe
has produced extremely favourable conditions for the survivel of the population and
for highly productive mechanized agriculture and the foundations have been laid fer
industrial development. This region has become an outstanding example of the trans-
formation of the desert into a huge flowering oasis, Several thousand kilometres of
irrigotion canals, drains and pipes have been laoid there as well as hundreds or kile-
metres of asphalt roads, electricity cables, gas pipelines and telephone lines, and
some thousands of waoter engineering works have been built,

The modern irrigation systems moke it possible to produce high yields of
cotton and other crops through the efficient use of water.

The Lenin Karakum Canal is one of the world's most impressive structures,
The total area irrigated by it is cbout one million hectares. It stretches from the
river Amudarya to the foothills of the Kopetdag on the southern boundery of one of
the largest sandy deserts of the Soviet Union, the Karckumy, its length being qlreadg
more than 1 000 km. When completed, it will be 1 400 km long and will collect 800 m°/s
of water from the river Amudarya, i.e. 40% of its runoff,

Reservoirs with an impoundment of more than one km3 have been constructed
on the canal in order to regulate the free runoff during avtumn ond winter, when irriga-
tion requirements age minimal. It is also intended to build reservoirs with an im-
poundment of 3.5 km™ in the canal's top part.

The Lenin Karakum Canal performs o number of functions, including irrigation
of fields and rangelands, water supply to towns, villages and industrial plants, fish-
ing and shipping. Pumping stations are being constructed in the canal zone,

On the land which has been irrigated again after centuries of neglect in

the lower reaches of the rivers Murgab and Tedgen, modern irrigation systems have been
constructed with channels covered with anti-filtration linings, irrigation pipes, and
covered drainage chonnels, This huas made it possible to eliminate the harmful salts
in the soil which had cccumulated over a long period of desertification, and to pro-
duce high yields of cotton and other crops from the very first years of reclomation.
The construction of towns and land reclomotion have made it possible to populate the
area quickly and to introduce ogricultural cycles over laorge areas.

The construction of the Korckum canal and the development of irrigation in
the Amudarya zone has made it possible to increase the collection of raw cotton during
the period of Soviet rule in the Turkmen SSR by almost 17 times (from 70 000 to
1 078 000 tons).

Land has also been sucessfully irrigoted ond reclaimed in other desert areas,
e¢.g. Khorezm, the lower teaches of the rivers Zeravshan, Kashkadaryo, Surkhandorya,
and the Fergan Valley in the Uzbek SSR as well as in Kazakhston (Muiunkum, Mangyshlak,
and the lower reaches of the Syrdarya, Chu and Ilr) where hundreds of thousonds of
hectares of desert have been turned into highly productive irrigoted fields,

Table 13 shows the changes in the natural conditions brought about by irriga-
tion and their positive or negative impacts, toking as an example the reclamation of
desert in the Golodnaye Steppe. The changes are sub-divided into stable/unstable and/
or controllable/uncontrollable ones, The stable changes are those which inevitably
occur during irrigation and the unstable ones are those which may or may not occur,
according to a combination of other notural factors., The controllable changes are
those whose extent or positive/negative impact c¢an be controlled by man
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through certain engineering and other measures whilst the uncontrolleble ones are
those which caonnot be governed by man's intervention.

Table 13 - Types of interaction between irrigation and various natural
conditions (oafter Dukhovny, 1980)

Impacts
Change in natural conditions Type of change

Pos. Neg.
Warming up of climate Uncontrollable +
Change in type of wild vegetation +
Change in microcosm +
Change in faunao +
Reduction in wind force Stable +
Change in microclimate +
Change in river runoff + -
Change in cultivated vegetation +
Reduction in unproductive evaporotion +
Change in groundwater level Controllaoble and + -
Change in moisture in aeration zone unstable + -
Chonge in mineralization of groundwater + -
Chonge in mineralization of river water + -
Change in moisture and physical properties + -
Change in salt reserves in the ceration zone + -
Erosion of slopes -

The reclamation of the Golodnaya Steppe has convincingly shown that with
the correct control system and organization of work it is possible to improve consider-
obly the natural conditions and economy in former deserts.

A comparison of the climatic indices shows that during the transfer from
virgin land to ocasis, the air temperature in the surface layer drops by 2- 5° C, the
obsolute air humidity increases by 5-11 mm, the mean menthly relaotive air humldlty
increases 2 to 2.5 times from 18-24 to 49-56% and the soil temperature drops 3.5-1, 6°c.
During the same transfer, over a period of three years, the wind speed drops 0.6-3.3 m/s.
The radiation balance and potentiol evaporation also undergo sudden chonges. As land
reclomation progresses, potential evaporation drops by 10-12% dei?g the first year,
by 18-21% during the second year and by 20-25% in the third yeor 2],

When an area is properly drained, ond on optimal land-improvement regime
established (based on the proper selection of droinage depth and minimization of water
requirements), it is possible, with a relatively low water consumption, to achieve
stable control of groundwater levels, prevention of salinization of the soil, gradual
desalinization of groundwater and soils and, most important, progressive increase in
the lond's yield, During the period 1961-1980, the area of strongly saline soil was
thus reduced in the new zone from 36.4 to 6.8 thousand ha, and that of moderately
saline soils from 21.2 to 11,6 thousand ha., The amount of salts removed annually
varies on average from 12.6 to_29.6 tons/ha, for which the amount of water used on
wash-out is 1.2-1.5 thousand m”/ha, The system's coefficient of useful action was thus

0.78-0.81¢2)
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Agrometeorological research plays an important part in the reclomation of
desert oreas and, in particulor, their irrigation, The range of topics covered by
this research is extremely wide. It includes:

¢ Agroclimatic zoning of irrigated areas, with the oim of achieving the
most rational spotial distribution of the moin crops;

« Development of agrometeorological recommendations on the use of informa-
tion when toking vorious agricultural measures (deciding on times and
rates of sowing, formation of crop's architectonics toking into account
the crop's microclimate, deciding on the times and rates of irrigation,
deformotion measures, deciding on harvesting dates, etc.);

s Development of methods for agrometeorological assessment and forecasting
of crop development phases, dynamics of crop growth and formation and
crop productivity;

« Development and improvement of methods for instrumental observation of
the state of the soil and crops os well as crop productivity (surface,
airborne and saotellite instruments).

Results of such research have been published and are widely used for opera-
tional agrometeorological services with respect to irrigation {for cotton, lucerne,
maize, rice, tobacco, vegetables, fruit, etc.) in the Soviet Union's deserts and semi-
deserts,

A list of the main publicotions derived from agrometeorological research
is included in the list of references for this section 3-14
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6. OTHER PROBLEMS OF LAND USE AND MANAGEMENT*

The problems typicol of the major lond uses of arid ond semi-arid lands
have been reviewed in the preceding sections. Three other forms of desertification
are mentioned here for completeness.

First, arid oreas - as well as deserts - sometimes contain very large mineral
deposits, and the huge mining operations undertocken to tap those resources may be ex-
tremely domaging to the environment. This is o serious problem, and considerable
attention has been given, in particular in the United Stotes, to the reclamation of
such disturbed lands. Agrometeorology however has little to do with or to provide
to mining operations: its role could become significant only in relation to revegeta-
tion attempts.

A second potential problem is due to certain forms of tourism aond leisure
activities, 1In particular, the use of four-wheel-drive or other vehicles in arid
areas is very destructive of the vegetation and mechanically disturbs the soil structure:
both effects may increaose dromotically soil erosion, especially by wind., The rele of
the meteorologist could be to identify the periods of highest risk (high temperature
ond surface wind) to help regulate such activities,

The third issue results from the desertification potential of wild life,
Indeed, there have been cases where wild herbivores hove been held responsible for
overgrozing, sometimes in conjunction with pastoralism (large flocks of ungulates in
Africa, kongaroos in Australio); or elephants hove been blomed for excessive defores-
tation, and even hippopotami thought to increase river-bank erosion significontly.
Such cases pose a difficult problem: should mon interfere with wild life, even in
notional parks and reserves? Answering such questions is well beyond the scope of
this book, and it will only be mentioned here that if human intervention is felt
necessary to regulate desertification processes created by wild life, a coreful study
of the role of meteorological and climatological factors regulating the dynamics of
both vegetation ond animal populations should be undertoken.

*hy M. M, Verstroete (USA)
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PART II
1. INFLUENCE OF METEOROLOGICAL HAZARDS ON DESERTIFICATION PROCESSES*

Introduction

In the previous port, the role of agrometeorology in the manogement of
resources of arid and semi-arid regions under expected climatic conditions was
reviewed. It was shown (a) that agrometeorology and related sciences {hydrology,
climatology, etc.) have a significant potential for improving the use and production
of agro-pastoral systems in orid and semi-arid regions of the globe, and (b) that
mismanagement in those sensitive regions is liable to result in severe ond sometimes
permanent degradation of the environment, the resources and living conditions of the
populcotions of those areas.

In the present part, attention will focus on the role of natural hazards in
the process of desertification, including their complex interactions with the manage-
ment of notural resources, ond on how those processes may, in turn, change the micro-
meteorclegical and hydrologicol characteristics of the environment, possibly feeding
back on desertification itself. It will also be seen that o deeper understonding of
those mechonisms could lead to a reduction of the sensitivity of production systems
to netural hozards,

Part II is structured along the following lines: o first section (1.1)
deals with the interaction between drought ond desertificotion. It is followed by
séction 2. "Soil erosion - land degradotion - desertification", which elaborates
on the interactions between fluctuating meteorological and hydrological conditions,
mismanagement and the problems of soil erosion by wind ond water. Then section 3
exomines the role of fire os a possible factor of desertification, emphasizing how
meteorological and hydrological events can influence such fires, ond how such know-
ledge could be used to prevent extensive demages. Finally, section 4 reviews the
meteorological foctors controlling pests and diseases from the point of view of their
possible contribution to further desertification.

1.1 Drought and desertification

This discussion should really investigote the nature of the interaction
between climate variability, in general, ond desertification. This is o very contro-
versial subject, however, both because climate voriobility and change are the focus
of an intense debate within the meteorological community, and because the question of
whether man or climate is the principal cause of desertificotion has not been properly
answered so for, even though it has been a key guestion for more than a decade,

For the purpose of the present discussion, desertification is understood to
be o general umbrello concept to designate collectively a number of environmental
degrodation processes, irrespective of the presumed couse, In order to remoin in the
main stream of thought, almost exclusive emphasis will be given to the hot (i.e.
essentially tropical and sub-tropical) arid, semi-arid ond sub-humid regions.

In most countries prone to desertification, solor radiation is plentiful
and temperature is not a limiting factor. By and large, plant productivity is then
primarily determined by soil moisture and/or nutrient availability, hence the emphasis
on the surface woter bolance in the context of this WMO study.

*by M. M, Verstraete (USA)
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A definition of drought will be introduced in the next section, followed
by a discussion on how drought may affect desertification (and conversely) in verious
envirotments/land-use patterns, The chapter will end with o shaort section on drought
aossessment ond with o guide to the existing literature on those subjects,

1.2 Drought

Drought has been the subject of numerous studies in many countries, and
there is no point repeating here what is already avoilable elsewhere. The object
of this section is simply to provide a working definition of the concept of drought,
The last section of this chapter should be consulted for references to some of the
many works on drought.

WMO has long advocated a "supply and demand" epproach to the problem of
drought, a view point which is recognized explicitly in definitions such as "lack
of water with respect to specific needs.”" A few remorks will be made here to comple-
ment this skeleton of definition:

(a) First of all, some water may be present in the environment, aond yet
not be accessible: for example, very few plants can really use atmo-
spheric water vapour as such, and none can extract all the moisture
present in the soil (the wilting point does not correspond to zero
soil moisture);

(b) Second, a permanent lack of water is normally called aridity: drought
should rather refer to a temporary shortage, even if it can be of @
few years’ duration;

(¢) Third, drought is generally o large-scale phenomenon: the term is
used at the national or regional level rather than at the field level;

(d) Fourth, it should be kept in mind that o water shortage becomes a
drought only when its consequences are serious enough: not all water
deficiencies are called droughts. In fact, in many countries o drought
is declared only when the impact of the lack of woter becomes economi-
cally significant,

In order to account for these remarks, the following definition will be used

in this chapter: Drought is a temporary, harmful ond widespread lack of available
woter with respect to specific needs.,

Drought is often perceived as a lack of rainfoll, but it shouvld be made
clear that the risk of drought increases when the needs for water increase, even
with constant precipitation,

Without entering the debate on whether drought (and climote variability in
general) or man is the primary cause of desertificotion, it will be mode clear that,
at least in some specific cases, drought and desertification may feed back on each
other, thereby contributing to further degradaotion. For exomple, bud egricultural
practices or overgrazing may both result in o reduction of the water infiltraotion
rate in the soil and in a conseduent increase in runoff. When this happens, less
water may be stored in the soil ond drought as defined above is more likely to occur.
Conversely, because each plant species and/or community has a specific tolerance and
response to it, drought may be an important factor in the plant population dynamics
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and therefore modify the carrying copacity of o rangeland, irrespective of the stock-
ing rates actually opplied.

1.3 Drought _and desertification in rongelands

The problems associated with the manogement of rangelands have been covered
extensively in Part I, , and it was shown that overgrozing and overtrampling
are two serious desertification processes in orid and semi-orid grazing lands. The
question addressed in this section is how drought further interacts with the monage-
ment and possible desertificaotion of rangelonds.

Drought, especially when it originates from a lack of rainfall, is often
accompanied by higher thon usual solar radiation levels or temperatures, ond it is
not always clear which of the vorious stresses is predominant in causing mechcnical
damage to plant cells or plant injuries and metabolic changes. Furthermore, the
impact of drought and ossociated conditions is dependent on the nature ond state of
the plent, the soil characteristics, etc., Numerous studies have investigated the
impact of specific stresses on given plant species, ond those should be consulted
for further information,

At the space ond time scale of interest here, drought interacts with
desertificotion processes in rangelonds as follows:

(a) The most direct and obvious consequence of prolonged drought is a
substanticl reduction of the seasonol production of the rongeland:
this implies that the actual foroge available is reduced and that over-
grazing and overtrampling ore likely to result if the stocking rate is
not adjusted to the new reduced value of the carrying capacity (pro-
vided the previous stocking rate was appropriate for wetter conditions}.
Although the avoilable evidence is sporse ond not always conclusive,
it seems that grazing lands may be able to recover from a very short
period of intense overgrazing, but that their long-term average pro-
ductivity is likely to be affected by persistent over-utilization;

(b) Drought also has indirect effects. It is well known that each plant
species exhibits a porticular resistonce to water stress. Some plont
species or communities are more likely to recover from a drought of
given intensity and duration than others; when the rains finally
come back, they are in o better position to colonize the areas left
depopulaoted by the drought, and the dynamic populotion structure may
be significantly changed, In particulor, the carrying capacity of the
rangeland may be lowered if less polatoble plant species are more '
drought resistont than the more useful ones;

{¢) Furthermore, a prolonged drought is likely to enhance the risk of soil
erosion: this is an important topic that will be dealt with in
section 1.6 below;

{d) A feedback between desertification and drought haos been proposed by
Charney and others, whereby desertification processes, by significantly
increasing the surfoce albedo, could, for themmodynamic reasons,
reduce precipitation, It should be mentioned here that this mechanism
has been substontiated by numerical models of the atmosphere, but also
that the ovailable limited evidence from actual measurements in the
environment contraodicts this theory. This mechanism should reclly not
be invoked until further evidence is collected and a definite explanation
can be given;
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(e) There is however another well~documented mechanism whereby desertifica-
tion in rangelands feeds back on droughts this is that overgrozing,
and especially overtrampling,tend to increase the soil's bulk density
at the surface. This in turn tends to increase runoff at the expense
of infiltration, and more precipitation water becomes lost to plant
production., The plants surviving the overgrozing and overtrompling
will have more difficulties finding the needed water, o situation which
fits into the definition of drought given above.
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1.4 Drought and desertificaotion in rainfed agriculture

The contributions of ogrometeorology to rainfed agriculture and the risks
of desertification have been described in Part I, section 4 and in numerous publications
on the subject, The focus here is on how drought interacts with desertification in
rainfed agricultural systems. The case of irrigated ogriculture will be treated in
the next section,

The water requirements of most crops are substantially higher than those of
the notural vegetation of arid regions, and roinfed agriculture can therefore be
practiv¥ed only in the better parts of the semi-orid oreas, or in generally better-
watered regions, In addition, each crop has specific requirements for secil types,
temperature regimes, supplies of vorious minerals, etc. Cleorly, o crop is always a
plant species artificially introduced and maintoined in o given environment: it will
not give occeptable yields unless it is either adopted to this environment, or the
latter is suitably modified (fertilizers, green houses, wind shields, etc.) to support
the crop.

Desertificotion of roinfed ogricultural systems usuolly refers to the pro-
gressive, long-term reduction in yields and productivity of the system., This may
take the form of a decrease in fertility due to the slow leaching and uptake of soil
nutrients, or a significant change in the water~toble level, or o progressive degrada-
tion of the landscape, by gully erosion for example,

Of course, a drought does affect the yield of a given crop, and it is well
known that annual harvests are well correlated with some measures of water availebility,
often for the past two raoiny seasons., But drought per se does not modify in any
significant way the potential productivity of an agricultural system, Rather, the
impoct is indirect,

First of all, drought will increcse the risk of soil erosion by wind, a
process that will be tackled in section 1,6 below, Furthermore, the risk of soil
erosion by water (high-intensity roinfoll events) is also greater ofter o long drought
than after the normol dry seoson., Both of these processes are irreversible on the
time scales of interest to the farmer ond moy therefore result in long-term reductions
of yields. These effects moy be further compounded with mismanagement practices.

It is also well known thot at the border between semi-arid and arid regions,
agriculturolists tend to expand their cropped acreages at the expense of what should
really be grazing londs., This occurs especially during the wetter yeors, when the
natural productivity of the rangeland seems to be high enough to support agriculture.
When a prolonged drought strikes, the yields reduce drasticolly over the initial
values and the corresponding regions may have to be finally abandoned.
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When this happens, it is o disaster for both the agriculturolist and the
pastoralist, because the areo is not returned in a condition comparable to its original
state, before it wos used for agriculture: o few years of cropping may have substan.
tially decreased the amounts of nutrients available in the soil and the abandoned areas
are often prone to intense erosion by lack of vegetation cover, thereby reducing further
the soil depth, its fertility and its water-holding capacity. It moy take seasons or
years for the natural vegetation to recolonize the region to the point when it can be
used safely for grazing again ond if so, probably at a lower level of exploitation,
especially because all this is taking place during a period of reduced water availa-
bility.

It should be mentioned that this problem is magnified by the attempt to crop
plants with too~high water needs, since droughts are then more likely te occur, It
is seen again that wrong decisions in the selection of both crop type ond field loca-
tion may lead to both desertification and drought.

1.5 Drought and desertificotion in irrigated agriculture

The purpose of irrigotion is precisely to contreol the water avoilability
for crop or fodder production: o well-designed irrigation scheme should therefore be
rather insensitive to droughts, It remains, however, that the amount of water applied
to the system should be adjusted to the water being made noturally availoble by pre-
cipitation  if the problems of waterlogging are to be aveided. The design and manage-
ment of an irrigation scheme must therefore toke into account the expected variability
of the naturcl water supply.

Furthermore, the infamous salinization problems associated with the absence
or malfunction of drainage systems may be enhanced by the application of additional
water during drought periods.

The origin of the water is onother important guestion to investigate: the
quality and quantity of irrigation water should be sufficient to not create droughts
themselves, and be insensitive to the other forms of drought that are likely to
affect the cultivated areas., If the water is supplied from underground aquifers,
frequent and/or prolonged droughts, together with excessive pumping, may result in
the progressive exhaustion of the water resources and the ultimate abandonment of
the areo, Conversely, if irrigation water is brought from elsewhere, increased water-
ing during droughts moy increase the risk of raising the woter table too close to the
surface if the drainage system is inadequate.

It is seen that irrigoted agriculture con be very productive and profitable,
but that its proper management requires a good understanding of the delicate artificial

conditions it creates,

1.6 Drought and soil erosion

Soil degradation through wind ond water erosion is a particulorly harmful
desertification process because it is, for all procticaol purposes, irreversible (the
typical time scale of soil formation is many orders of mognitude larger than the time
scales characteristic of erosion processes,)

The impact of erosion on the primary productivity of a piece of land is
rather complex and will be described in greater detail in section 2 below. It
will be seen that soil losses due to both wind and water erosion may be estimated
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numerically, under specific circumstances, from the so-called Universal Soil lLoss
Equations (USLE). In the present section, the impact of drought on soil erosion
will be qualitatively assessed from o discussion of the relevant variobles of those
equations,

{a) Soil erosion by wind: The USLE for wind erosion is usually written
E=f(I, K C L, V)

where E is the average annual soil loss, f is o symbol indicating that
the variable on the left of the equal sign is o function of the vori-
ables shown between the parentheses that follow f, I is a soil erodi-
bility index, K is o parameter representing soil surface roughness,

C is the so-called climatic index, L is the unsheltered field width
and V is the vegetation cover index.

The rationale, applicability and use of this equation will be discussed
in section 2.1 below, Drought will affect directly two of those para-
meters: C and V. The climatic index accounts for the fact that soil
erosion by wind increases as the cube of the friction wind speed and
with soil moisture deficit, o situation most likely to occur during a
drought,

Soil loss also increases when the vegetation cover decreases, because
the latter tends to protect the soil against erosion., Since the vege-
tation cover is often reduced by extended droughts, increased wind
erosion should be expected.

{b) Soil erosion by water: this form may also be estimated by a similar
equation

A=f (R, K, L, S C P)

where A is the computed soil loss per unit area, f has the same mean-
ing as in (a) above, R is the rainfall and runoff factor, K is the
soil erodibility factor, L is the slope-length factor, S is the slope-
steepness factor, C is the cover and management factor and P is the
support practice factor,

The use of the term "factor" here results from the fact that the function
f for water erosion is usually taken to be the straoight product of the

varigbles: f (R,K,L,S,C,P) = R.K.L.S.C.P,

Again, the rationale, applicobility and use of this equation will be
discussed in section 2,2,

The rainfall and runoff factor is really a measure of the kinetic
energy tronsfer from the woter {individual raindrops or surface flow)
to the soil porticles; it is directly linked to the intensity of pre-
cipitation and the infiltration rote of water in the soil. Both of
these parcmeters may or may not be different during droughts: only
detailed site-specific studies can ascertain the impact of a drought




sl &~ o

- 76 -

on the water erosion through the rainfall factor. On the other hand,
the vegetation cover factor C is likely to be modified by drought and
this may be a major way for drought to increase water erosion. This

would be particularly crucial at the end of the drought, if the first
rains are very erosive,

The drought also has indirect effects through erosion. Tt should be
remembered that the soil not only physically supports the plants but also contains
the necessary water and nutrients: when the soil is eroded away, there is a net
loss of those essential elements, and the fertility (productivity) of the area may
be affected, especially on the poor ond thin soils frequently found in orid and semi-
arid regions. It is therefore seen that drought and desertification really interact
with each other and may, in the long run, feed back on each other,

1.7 Drought and fire

There is evidence that fire is a major component of the plant population
dynamics of certain ecosystems, and that it might contribute to desertification. This
topic will be covered in detcil in section 3  below, but a few remarks will be made
here to underline the relation between fire and drought,

The risk of fire is dependent on the availobility of fuel, a function of
the previous rainy seasons in most ecosystems. Since drought tends to inhibit plant
production, it will also reduce fire risks in the subsequent years. However, dead or
dry vegetation burns more easily than green vegetation, even though some oily plants
are particularly inflammable even when green. Therefore, the dry season is normally
prone to fires and a drought will merely increase vegetation's readiness to burn.

The risk of important domage is highest when a severe drought follows a period of
better-than-overage rainy seasons,

1.8 Drought assessment and management considerations

The first steps to be tuken to reduce the dependence of a production system
on drought hazard are to be oware of the risks involved and to be able to assess the
start of a drought as soon as possible to allow oppropriate measures to be token in
due time,

Many countries have developed whaot is sometimes called Drought Early Warning
Systems, i.e, an information-processing system copable of integroting reports and data
from various sources and of identifying the start or the likely start of o drought
period, There is no space here to review the numerous systems presently in use, but
the Australian Drought Watch System should be mentioned because it is fairly straight-
forword and does not require sophisticoted computers or other equipment to be imple-
mented. This system has been adopted and is presently operational in Botswana,

Such o system supplements but does not replace the useful and relatively
easy-to-obtain statistics on precipitation distribution in space and time, and the
derived data like probabilities of wet and dry spells, etc.

For practical or economic reasons, it is rarely possible to adjust the level
of exploitation of o notural resource on the time scale typical of the variations of
the weather., Fortunately, these resources are somewhat resilient: they can sustain
short-term fluctuations without considerable domage. The mistoke is of course to
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avoid any adjustment ot all, even when the situation warrants it, If the adjustments
are known to be difficult to implement or unpopular, then the level of exploitation
should be set such thot no long-term degradotion will result from o generally constont
level of utilization, even during drought times, Since the worst drought connot be
predicted and a minimum level of economic activity should be maintained, a compromise
must be reached which optimizes production ond minimizes permanent environmental
damage, The point is that such a compromise should be attained after a careful
analysis of the risks involved, and not only in terms of immediate economic benefits.,

Accordingly, it is essentiol to collect the necessary information ond, in
particular, the relevant meteorclogical, climatological and hydrolegical data, The
list of such useful data can be made arbitrarily long, because so many foctors may
be of academic interest. Economic consideraticns, however, usually limit the amount
of data actually collected.

If a single parometer had to be selected for studying drought and its relao-
tions to desertificeotion, it should be soil moisture. This porameter is not currently
measured at o large number of locotions and must often be deduced from other measure-
ments, the most common of which are precipitation ond temperature. A great deal can
be accomplished alrecdy if the spotial and temporal resolution of the network is
sufficient (typically, a space scale of 100 km and o time scale of a week, or less).
Since evapotranspiration is also fairly difficult to measure, the next desirable
parameters would probably be surfoce wind and some of the many possible measurements
of radiation. '

Furthermore, it is not cleor whether additionol porameters or increased
time and space resolution would yield the best improvements: this will no doubt

depend on the particular problem at hond, Comparatively little data are available on
soil loads in the atmosphere (dust) and rivers (sediments). Conversely, existing
satellite dota could be used to estimate various parameters of interest, but this
has not been done on o systematic basis, portly for technical reasons and partly due
to the enormous amount of dotoc available (see Part III).

1.9 further reading on drought and desertification

Although few papers focus on the interaction between drought and desertifica-
tion, many works on desertification mention the possible impoct of climate voriability
ond changes on the ecosystems ond their land uses. Similarly, many papers on drought
deal with the various impocts and consequences of this major environmental hazard,
but without concentroting on desertification,

Very detailed and exhaustive bibliogrophies have been accumuloted and should
be consulted for in-depth analysis. Two such mojor datoa-boses must be mentioned here:
the Meteorological ond Geoastrophysical Abstracts, published by the American Meteoro-
logical Society, and the Arid Londs Abstracts, published by the Commonwealth Bureaux
of Agriculture, in collaborotion with the Office of Arid Lands Studies of the University
of Arizona,

In contrast, the following few references have been selected as possible
starting points for the study of the various topics covered in this chapter: it is
therefore not meant to be complete, but rather to be o primer to the litercture. Only
recently published, preferably multi-authored works, with adequate coverage and abun-
dant bibliographies have been selected; it is hoped that such an approach will provide
a fast and easy access to the existing literature.
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(a) Drought and/or desertification in general, including fire and manage-
ment considerations: Glantz (1977}, Hastings (1965), ICAR (1977},
Johnson (1977), Mabbutt (1978), Mainguet (1979), Sheridan (1981),

UN (1977),

(b} Drought: Copans (1975), Glantz (1976), Hinchey (1978), Rosenberg
(1978, 1980), WMO (1975),

(¢) Drought ond desertification in rangelands: Howes {1978), Unesco
(1979).

(d) Drought and desertification in egricultural systems, both rainfed
and irrigated: Hounam {1975),

(e) Drought and soil erosion: FAO (1979), Kovda (1980).

1.10 References for Section 1

=
.

10,

11.

Copans, J. (Editor) (1975): Secheresses et Fomines du Schel, Vol. I and II,
Frangois Maspero, Paris, pp 150 and 144,

FAO (1979): A Provisional Methodology for Soil Degradation Assessment, UN
Food and Agriculture Organization, Rome, pp 84,

Glantz, M. H. (Editor) (1976): The Politics of Natural Disaster, The Case of
the 3ahel Drought, Praeger Publishers, New York, pp 340.

(Editor) (1977): Desertification, Environmental Degradation in and
oround Arid Lands, Westview Press, Boulder, pp 346.

Hastings, J. R, and R. M. Turner (1965): The Changing Mile, The University of
Arizona Press, Tucson, pp 317,

Hinchey, M, T, (Editor) (1978): Symposium on Drought in Botswana, The Botswana
Society, Goborone, pp 305,

Hounam, C. E. et al, (1975): Drought and Agriculture, World Meteorological
Organization, WMO-No, 392, Geneva, pp 127,

Howes, K. M. W, (Editor) (1978): Studies of the Australian Arid Zone, III,
Water in Rongelands, Commonwealth Scientific and Industrial Research
Organization, Melbourne, pp 255,

ICAR (1977): Desertification and its Control, Indian Council of Agricultural
Research, New Delhi, pp 358.

Johnson, D, L., (Editor) (1977): The Human Face of Desertification, Economic
Geography, Vol. 53, No. 4, pp 317 and sq,

Kovda, V. A, (1980): Land Aridization and Drought Control, Westview Press,
Boulder, pp 277.

& /9



(& &< &

- 79 =

12. Mabbutt, J. A, (1978): Desertification in Australia, Water Research Foundation
of Australia, Sydney, pp 127,

13. Mainguet, M. (Editor) (1979): La Desertification, Travaux de 1'Institut de
Geographie de Reims, No., 39-40, pp 127.

14, Rosenberg, N, J. (Editor) (1978): North American Droughts, Westview Press,
Boulder, pp 177.

15, (Editor) (1980): Drought in the Great Plains: Research on Impacts and
Strategies, Water Resources Publications, Littleton, pp 225,

16. Sheridan, D. (198l): Desertification of the United Stotes, Council of Environ-
ment Quality, Washington, pp 142,

17. UN (1977): Desertification, its Causes and Consequences, Pergamon Press, Oxford,
pp 448,

18. Unesco (1979): Tropical Grazing Land Ecosystems, United Nations Scientific and
Cultural Organization, Paris, pp 655.

19. WMO (1975): Drought, World Meteorological Organization, WMO No. 403, Genevo,
pp 114,




sl &~ o

- 80 -

2. SOIL EROSION - LAND DEGRADATION - DESERTIFICATION*

The uncontrolled erosion of soils by wind and water will affect everyone

on the face of this earth. An old proverb reads: "Man strides over the earth, and
1

deserts follow in his footsteps,"” Now that man has covered the earth, he must learn
to protect the land where he is standing. The challenge is great; but the consequence
of failure is potential mass starvation of millions of people ond animals (UNEP).

The geomorphology of the earth illustrates that erosion is a continuing
process. The "contribution” of man has been to accelerate the process. Erosion
modifies the soil surface and influences soil productivity. The extent of the change
can be so small as to be almost insignificant. But one can study the geomorphology
of an area and then realize that changes have occurred and will continue to
occur. Man's activities tend to accelerate the rate of change; and he becomes con-
cerned when the changes are so ropid and drastic thot lond degrodation and accelercted
desertification moke further use of the soil and water resources impossible without
extensive capital outlays. The longer the plonning horizon of the farmer, the greater
the value of soil conservation (Taylor et gl., 1979). Chonges in climatic paotterns
may also accelerate the desertification process so that a once-productive area will
no longer produce satisfactory crop yields. While significant climatic changes do
occur, the major cause of desertification is usually the mismanagement of the soil
and water resources.

The production of agricultural crops in a semi-arid or c¢rid area does
involve risk beyond the control of mankind, If these areas are to continue to be
utilized for crop production, we must identify the role of erosion and its impact on
soil productivity and desertification.

The effect of wind and water erosion on soils is quite different, but both
involve the movement of soil, The movement may be o few millimetres or thousands of
kilometres. The following discussion will be limited to erosion effects in semi-arid
regions and may not describe these erosion processes in more humid regions.

2.1 Wind erosion

Wind erosion involves o sorting or "fanning" of the coarse and fine matericl
on the soil surface. While wind erosion may start in one area of a large field,
eventually, the entire field will become eroded. The fines may become cirborne and
corried out of the field, The coarser material will shift around in the field and
may cause normally protected areas to blow. Whenever non-erodible creas are en-
countered, the shifting material will depesit, thus increasing monagement problems. As
the fines are removed from the soil surface, o portion con be replaced by increasing
the depth of tillage, but this is a temporary measure ond may result in increased
erodibility as the fines aore agoin removed from the surface soil. The loss of fine
material due to wind erosion represents a loss of soil nutrients and water-holding
capacity that will further reduce crop yields. As yields decrease, less organic
matter is returned to the soil; and therefore wind erosion may increase unless it is
controlled by tillage, wind borriers, or crop stripping. In any case, the net result
is soil degradation and increased desertification. If the erosion is less than the
tolerable soil loss, the soil regeneration process will maintain soil productivity.

*by D. W. Fryrear {USA)
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2.2 Water erosion

Water erosion is characterized aos sheet, rill or gully erosion. Except
for extremely large particles, water has sufficient energy to erode the entire soil
profile, In the areas receiving intense convective thunderstorms most erosion
results in small rills or gullies. In the case of rills, the farmer moy work over
them; ond with a few farming operations, the evidence of the previous rill erosion
may be obliterated. However, this does not mean that the loss in soil productivity
has been corrected, Unless some method of land forming is used, the rills will con-
tinue to form, and may increase in size with each storm. As the eroded matericl is
transported down the slope, the coarser fractions will settle out as the velocity of
the water decreases. Deposition will continue in streom or river channels, or when
the rivers empty into large bodies of water,

2.2.1 Soil renewal

The soil formation process is very slow, ond even under the best notural
condition it may toke 30 years to develop 2.5 cm of organic-matter-enriched topsoil
(Hall, et ol., 198l). For semi-orid regions the time is much longer. Several cm
(10 to 25) of topsoil plus an adequate subsoil are needed for the production of most
field crops, The development of a complete soil profile would require hundreds of
years even with zero erosion (which is never the case). While erosion from most soil
is much higher with cultivoted agriculture, we know that geological erosion has
always been present, The erosion level that would allow continued cultivation without
a decline in productivity is considered the soil loss tolerance (T) value. In a
temperate climate, soil renewal rates of 1.1 ton/ha/yr is considered average when the
subsoil is formed from soft materials. When the soil formation is from rock, the soil
formotion rote is much slower (Smith and Stamey, 1965). For the cocrse textured soils
of the semi-arid regions, the soil formation can be assumed negligible,

Most people do not have a concept of oirborne dust concentrations and soil
erosion. Chepil (1960) described some erosion relationships (Table 14). It is
apparent from Chepil's descriptions that erosion losses of even 20 ton/acre/yr would
not be easily detectaoble and would far exceed soil renewal.

The importance of topsoil was described by Dr Bill Haorris in his comment
"Topsoil is that material which separates us from starvetion.,"t It's not a question

of whether we need to control erosion, but rather how much productivity we have
already lost., The cost may be high, but the consequence of foilure is mass starvo-
tion,

2.2.2 Controlling erosion

For man to utilize the soil, water, and plant resources of semi-arid and
arid regions, erosion must be controlled, If the area is used for grazing, then a
good cover of grass, shrubs, and trees must be maintained to protect the soil surface.
If the orea is cultivated, then surface residues, land-forming te reduce runoff, or
tillage must be used to mointcin o soil with good infiltration, o high water-holding
capacity, and resistance to erosion, Unless measures are used to control erosion,
the productive life of o soil will become limited.

TPersonal communication
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Table 14 - Relgtionships among quantity of wind erosion, effects of
erosion, and relative field erodibility
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Quantity of Description of Annual Reigii;e
A : H *
erosion erosion soil loss erodibility
ton/ha/yr

None to No distinct visible effects Less thon 11 Less thaon

insignificont of soil mavement 0.25

Slight Soil movement not sufficient 11 to 110 0.25 to 1,0
to kill winter wheat in
boot stage

Moderate Removal and associated 110 to 367 1,0 to 5
accumulations to dabout
2.5 cm depth sufficient to
kill wheot in boot stage

High About 2.5 to 5 cm removal 367 to 733 5 to 20
and associated accumula-
tions

Very high 5 to 7 cm removal with 733 to 1100 20 to 150
small dune formations

Exceedingly More than 7 cm removal More than More than

high with appreciable piling 1100 150

into drifts or dunes

*Qccurring in the vicinity of Garden City, Kansas during 1954 to 1956.

Undesirable soil characteristics resulting from erosion include loss of
natural fertility and water—holding caopacity, reduced infiltration, and a decrease in
soil depth. The impact of the soil loss will depend on the original soil characteris-
tics, and soil depth. But in any case, high levels of productivity under conditions
of erosion will require increased energy use and more intensive management.

Some basic techniques for minimizing wind erosion hazard include covering
the soil surface with crop residues; roughening the soil surface with soil ridges and
clods; installing strips of erosion-resistont crop or tree barriers; stripping the
soil surface with alternate high residue and low residue or fallow strips; or reducing
wind force on the soil with shrubs, taller plants, or trees. The most effective ond
desirable method will depend on the unique conditions of a particular site, While
each method has certain advantages, none can guarontee complete protection during
extended drought periods.
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The end result of land degradation and desertificotion is a reduction in
the capacity of the soil, in its notural environment, to continue producing specific
crops under a specified management system. The concern about the reduced production
capacity was lessened as the usage of commercial fertilizers become common practice,
While some of the various nutrients con be replaced "from a sack", some essential
soil components cannot be quickly replaced. For exomple, the soil fines (the silt
and clay froctions) are reodily eroded by wind ond woter erosion but cannot be re-
placed except by bringing them up from the subsoil, For some soils there are ne
fines in the subsoil. Seil organic matter con be replaced; but the process is slow,
particulerly in orid ond semi-arid regions. As the surfoce soil erodes, exposing
more subsoil, the degrading soil structure "increases the susceptibility to erosion,
surface sealing, and crusting ond leads to poorer seedbeds" (USDA). In rare cases
erosion of the topsoil may expose a buried soil ond will not result in reduced pro-
ductivity.

As the erosion process continves, it tends to accelerate the rate of land
degradation. This results in an increase in cost of control measures. Simply stoted,
"Don't wait until land degradation starts reducing crop yields to begin soil conservog-
tion measures",

Agrometeorological data from on area are essential to the development of
management systems or the selection of centrol measures. Dota on wind speeds, wind
direction, rainfall and evaporotion are needed to estimate wind erosion using the

equation E = f{I'K'C'L'V),

where E = Estimoted annual soil erosion,
I' = Soil erodibility index,
K' = Soil ridge roughness factor,
C' = Climatic foctor,
L' = Field length along prevailing wind direction, and
V¥ = Equivalent quontity of vegetative cover.

The erodibility of the soil I' can be estimated from soil-type dota, K' is primorily
influenced by tillage practice, and V can be estimated from crop production figures,
The C' term vtilizes historical meteorological data of average wind velocity, monthly
roinfall, ond evaporation. The L' term will vary depending on wind direction unless
the unprotected field length is lorge (say 1 000 m),

Water erosion losses are estimoted from the USLE equation: A = RKLSCP,

where A = Soil loss in mass/unit area,
R = Roinfall and runoff erosivity,
K = Soil erodibility factor,
LS
cp

il

Topographic factor for slope length and steepness, and

I}

Cropping-manogement-supporting practice factor. Rainfall amount and
intensity must be obtained from meteoroclogical data.

The values for the terms K, LS, and CP can be determined from agronomic data on the
crops, and engineering data on the soils,
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Thus, when soil erosion exceeds soil renewcl, land degradation and desertifica-
tion begin, The problem is critical in arid and semi-orid regions because significant
soil renewcl is measured in hundreds of years, The opproaches to proper utilization
of soil and water resources in these regions would include estimotes of the soil ero-
sion rate using existing erosion models, then planning cropping ond tilloge practices
that will control erosion,
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2.3 Agrometeorological uspects of land stabilization®

As mentioned above, one effective method for stabilizing soil surfaces
offected by wind or water erosion is to plant {or sow) trees, shrubs or types of
grass which have fast-growing and well-developed root systems. This practice is
knowrn as land stabilization., Land renewal is done on o wide scale in the deserts,
semi-deserts and even mountainous regions of the Soviet Union.

During the last few years, a number of African countries have been doing
o considerable amount of work to create a "green belt" along the southern edge of the
Schara. An extremely large number of papers have been written on the renewal of the
ensemble of desert plant communities and on the agro-technical, biological and agro-
nomic aspects of this problem,

The present section covers the environmental impact of land renewol on
pastureland and the ogrometeorological aspects of this work in desert and semi-desert
pastureland.

The creotion of ortificial plant communities over lorge areas, which is
associoted with the destruction of poor vegetative cover and the change of soil state
considerably modifies the climate of the atmospheric surface layer and soil.

The climate of the atmospheric surface layer and soil, vegetagtive cover ond
animal world represent o very dynamic natural complex. Variobility of microclimatic
conditions causes not only spatial differences in the rote of development of plants,
their growth and yield formation but also is one of the main factors of non-homogeneity
of vegetation and soil cover. In turn, the structure of each plant community and even
its individual components significantly affect the formation of the environment micro-
climate.

Studies of the microclimate peculiarities help to properly use the regulari-
ties of spatial distribution of climatic elements, to specify heat ond water require-
ments of plants and finally to solve practicel problems concerning phytomelioration of
pastures (An, Gringof, Konovolova, 1978).

We shall consider below several examples showing the difference between
meteorological parameters of natural ond ortificial desert communities and londscapes.

During the formation of tree and shrub stands the peculiorities of micro-
climotic conditions are, to o great extent, associated with the conditions of rodiation
transmission by crowns of desert vegetation,

Observations mode in regions of Central Asia (USSR) with different land-
scapes allowed one to determine specific features of radiation ond heat bolances in
vegetation stands.

*by I, G. Gringof (USSR)
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According to Aizenshtat's data (1958), in the daytime the upper half of the
crown of Haloxylon ephylum receives 4-5 times more heat thon its lower half. At night
the loss of heat by radiation by the upper half of the crown exceeds that by the lower
half by o factor of 3-3.5, Gunin and Dedkov found that in,eastern Karokum in summer
the amount of total solor radiation varied from 152 cal/em” per day under the crown to
650 cal/cm” per day above the crown apd that of diffuse radiation voried from 38 cal/cm
per day under the crown to 176 caljcm” per day in the intercrown space. The radiation
balonce was 109, 92 and 266 cal/cm” per day in the crown, under the crown and in the
intercrown space, respectively.

According to the same authors, the stress of the radiation regime elements
decreases in the direction from the periphery of the crown to the stem, Radiation
balance volues under the saxaul crown at the periphery parts and near the stem are
1.6 and 4 times lower, respectively, than in the intercrown space. At night the differ-
ence is less pronounced. Total radiation under the crown at the periphery parts and
near the stem is 1.9 ond 3-5 times lower, respectively, than in the intercrown space,
Diffuse radiation under the crown is 10 times lower than in the intercrown space. At
midday the periphery parts of the crown intercept 68% of direct solar radiation and
those near the stem 83-90%.

Saxaul ophylum has the greatest effect upon the transformation of solar
radiation. It intercepts up to 40-83% of total radiation coming to the upper boundary
of the crown. On sondy soils crowns of Haloxylon persicum ond Ephedra girobilgcea
intercept 56-60% and 70% of total radiation, respuctively. Individual plants growing
in central Karokum intercept from 50% to 95% of direct soler radiation.

According to Nurberdiev's and Mukhomedova's data (1972}, maximum shoding of
soil by Cglligonum Sp, is observed in May. And beginning with the falling of sprigs
it sharply decreases. Small, medium and large shrubs of Calligonum sp, intercept
50-57%, 70-74% and about 80% of direct radiation, respectively.

Unequal irradiation of soil by sunbeoms under crowns results in the difference
in temperature aond moisture of soil and gir. In the daytime, soil surface temperature
under the crown periphery ond around the stem is lower by 9°.13°C and 30°C, respectively;
than in the intercrown space. At night, soil surface temperature under the crown is
lower than in the intercrown space by 0.1 -4°C,

Soil temperature under plants is lower than in open spaces (Table 15).
Table 15 - Difference between mean doily temperature in soil and air in

saxaul stonds and in_the open space, Centrol Karakum, spring-
summer of 1975-1976

Difference between temperature in soil and in |Difference between tempera-
open space in °C at various depths in cm ture in inter-plont space
and in open space _in °C ot
various heights in cm

0 5 10 15 20 10 50 200

-4.0 -2.4 -2.1 -2.7 -1.7 0.3 +0,7 -0.1
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The daily 5011 surfuce temperature range in stands is lower than in the
intercrown space by 25°-30° C.

Air temperatures in stands are also, on the average, o little lower than in
the open space. However, sometimes they can be higher because of weakened wind velocity
and turbulent mixing in the surface loyer of the atmesphere.

Artykov's observations (1975) show that at night qnd in the mornlng, air
temperatures in stonds are lower thon in the open space by 2, 0° o 2. 5 C. At midday,
oir temperatures in stands exceed those of the open space by 0. 5°-1,5°C, And in the
evening they become equal,

Forest stands noticeably offect wind velocity, Thus, for exomple, if ot
an altitude of 2 m in the open space, wind velocity ottains 9-10 m/sec, in saxaul
stands it decreases to 5-6 m/sec and in an orchard of fruit trees it falls to 2-3 m/sec.
In central Karokum when in the open space wind velocity is smoll, in soxoul stands it
decreases by o factor of 2, 2-5 and 2-8 ot altitudes of 2, 0.5 and 0.1 m, respectively,

In the daytime, relative air humidity under crowns differs slightly from
that of the intercrown space. In individual coses under saxaul crowns it can be higher
by 2-3%. At night, relative humidity of air in the intercrown space is usually higher
than under crowns., The difference can reach 21% (Gunin and Dedkov, 1978},

Tree and shrub stonds considerably influence the redistribution of precipito-
tion., Depending on the plants' structure and stage of development, they intercept from
10% to 55% of precipitation., The falling of precipitation down stems constitutes from
1 to 25%.

Calculations made by Gunin ond Dedkov (1978) reveal that in stands of Aristidg
karelini, Ammodendron conollyi and Cglligopnum mp, $p. for an area taken as a whole no
more than 2.2% of precipitation is intercepted by plant crowns and 0.2% falls down
stems and branches. Crowns of Hgloxylon persicum intercept from 2,3 to 4.1% of pre-
cipitation, 0.6-1,2% falling down stems, Crowns of Haloxylon aphyllum intercept 11-12%
of precipitation, 5-6% folling down stems.

Wind plays on importont role in the redistribution of precipitation. Upwind
sides of stands intercept more precipitation,

Redistribution of precipitation by crowns has an effect upon the formation
of moisture supplies in soil, We shall describe o profile of moisture distribution in
soil under o shrub of Haloxylon persicum 3.5 m high after fall of 16.5 mm of precipi-
totion in Februory 1966 with north wind {from Artykov's data). Soil at the northern
upwind side proves to be more moistened than at the downwind side. Around the stem,
due to the flowing of precipitation down it, soil layers down to 50 cm are moistened
to the least field capacity (LFC) and higher (up to 10-12%). Within o rodius of
50 cm from the stem there is o "rain shodow" where soil remoins dry and its moisture
is close to the wilting peint (about 2%)}. The effect of a saxaul shrub upon the
redistribution of precipitation is observed within o rodius of 2.5 m from the shrub,
And the depth to which soil is moistened ot the upwind side is greater than at the
downwind side.

The above features of the hydrometeorological regime under stand crowns
certainly affect the formation of peculior plont communities. This was often noted
by geobotonists (Nechceva, 1958; and others).
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The creotion of artificiaol ecosystems requires some improvement of moisture
and physical properties of soil and its additional moistening. This is achieved by a
system of agrotechnical measures and, in porticular, by making meisture-and sand-
accumuloting furrows,

Experiments conducted at the Kyzylkum desert station of the Institute of
Botany (of the Uzbekistan Academy of Sciences) show that in spring, the soil gets
wet due to precipitation runoff down to 120-130 cm on grey-brown soils of gypsum
deserts while on wild lands, it gets wet only down to 40-60 em. On soils with
unfavourable moisture and physical properties, furrows which accumulate sand are
made since sand absorbs precipitation meoisture very well.

However, the microclimate of deserts is substontially changed only under
the influence of those reclamation measures which rodically change the water balance
of a territory. This means the use of groundwater supplies constituting large reserves
which enable the guaranteed growing of forage crops for additional feeding of sheep in
winter,

Moistening of the root zone under irrigation leads to a sharp redistribution
of heat coming from the sun.

According to Orlovsky and Utina (1977), the change of the heat balance com-
ponents caused by irrigation shows that in deserts in the daytime, radiation balance
is spent upon turbulent exchange of heat with the atmosphere {80%) and upon the flux
of heat into soil (20%). Under irrigation in the daytime, radiation balance increcses
by more than 40% and is spent upon evaporation. Under those conditions the heat flux
into soil (15% of the radiation balance) is compensated by the heat flux from the
atmosphere to the less heated underlying surface.

Change in water, radiation and heot balances under irrigation results in
the formation of peculiar climatic and microclimatic conditions.

In irrigated oases there never occurs extremely hot and dry weather with
air temperatures exceeding 37. 5°C and relative humidity equal to 0-20%, Here the sum
of ulr temperutures for a growing season is lower than in deserts approximately by

300°-400°C.

Already in May, differences in mean monthly air temperatures and absolute
humidity amount to 1.7 C and 2-3 hPa respectively., In July-August the differences
are maximum and equal to 3. 023.3°C and 5-6 hPa respectively,

The effect of irrigation upon the diurnal course of meteorological elements
is more pronounced In the daytime, air temperctures in oases are lower than in
deserts by 2°.4%. 1In periods with extremely hot weather the difference attains 10°-
15°C. As for relative humidity, the greatest difference (25-30%) between irrigated
oases and deserts is observed in the evening; in the daytime it smoothes away.

Thus, irrigation by ground ond surfoace woter produces o greater effect upon
the hydrometeorological regime of the land reclaimed than phytomelioration. But this
does not diminish the imporitance of the lotter.

Tree and shrub stands play an important role in deserts. As stoted above,
they reduce wind velocity, retain snow, decrease wind erosion of seil, enhance the

efficiency of solar radiation and improve the microclimate.
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Under crowns of trees and shrubs in stands new plant communities are formed.
They are composed of cereal grasses of early spring development cycle and plants of
Chenopodiaceg. Pasture vegetation productivity increases, Dried grasses are preserved.
Moreover, tree and shrub stands serve as a shelter for sheep both in summer ond in
winter.

2.3.1 Agrometeorologicul support for pastureland renewal

One of the progressive directions in arid land reclamation for plant growing
is phytomelioration of pastures with poor associations of plants, The characteristic
feature of this work is that it is based upon scientific recommendations on the crea-
tion of artificial phytocoenoses producing high and stable yields of vegetative matter
and establishing favourable conditions for growing verious life forms of desert plants.

It is well known that as a result of phytomelioration, yields of vegetative
matter from pasture plants increase,on the average, 2-3 times. Rise in the production
function of vegetation leads to increase of the transformation function of vegetative
cover consisting in regular changes of geophysical ond geochemical regimes of bio-
geocoenoses.,

Creation of artificial phytocoenoses over large areas which is associated
with the destruction of poor vegetative cover and the chonge of soil state considerably
modifies the climate of the atmospheric surface layer and seil. During the formation
of tree and shrub stands the peculiarities of microclimatic conditions are, to a great
extent, associated with the conditions of radiation transmission by crowns of desert
vegetation,

Unequal irrediation of soil by sunbeams under crowns resvlts in the difference
in temperoture and moisture of soil and air.

It is, however, known that at present the efficiency of phytomelioration is
not high enough because the sowing of phytomelioration plants does not always give
desirable results,

Specialized agrometeorological assessment of desert areas is one of the
necessary conditions for successful organization and efficiency increase of phytomeliora-
tion measures,

Success of phytomelioration depends on a number of factors, primarily, on
moisture conditions of the territory.

In accordance with an ecological interpretation of the index of moisture
conditions (IMC)*, the territory of Central Asia is divided into four main agro-
climatic zones with: IMC = 0.40 (bad moisture conditions), IMC from Q.40 to 0,59
(medium conditions), IMC from 0.60 to 0.79 (moisture conditions better than medium)
and IMC from 0.80 to 1,00 (good moisture conditiens),

Since during phytomelioration of pastures and forests moisture conditions
in spring are of crucial importance for both emergence, acceleration and growth
of plants, the proposed scheme for regionalization can be well used for the assess-
ment of conditions for phytomelioration.

*See Part I, section 1.2 of the present report.
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In the first zone bounded by IMC <0.40 the conditions for phytomeliorgtion
are essentially unfavourable. However, the zone delineated by the isoline of IMC
= 0.30 is divided into two sub-zones. The upper sub-zone has bad conditions. The
other sub-zone with IMC equal to 0.30-0.40 may be regorded os having satisfactory
conditions for phytomelioraticn in yeors with enhanced cmount of precipitation,

It is established thot precipitation over 100 mm during the period of
December to April creates comparatively good conditions for the yield of ephemer
grusses. The probability of such amounts of precipitation may be presented os follows:

Number of years out of 10 with
Zone Sub-zone precipitation over 100 mm in
the period of December-April

I a _ 1
1 b 2-3
II - 4
III - 5-6
Iv - 7-8

Thus, in Sub-zone Ib, phytomelioration moy be successful, on the average,
in 2-3 years out of 10,

The ossessment of agroclimatic zones according to the extent of their
fovourobility for phytomelioration is given in Table 16, Turkmenistan is taken as
an example, It is seen that only a very small part (6%) of the territory has com-
paratively favourable conditions for phytomelioration. And most part of it is in
very dry (43%), dry (35%) and moderately arid (16%) zones.

The proctice of phytomelioration also requires o differential approach to
the assessment of agrometeorological conditions according to landscape types and
relief elements. For this purpose in the Karakum, in areas adjacent to Kopetdog there
were distinguished five geomorphelogical microregions according to the extent of
favourability of conditions for the rooting of sown plant,

1. The zone of contoct of Tokyr Soils and Tokyr Depressions with sandy soils

In this zone, moisture conditions are most favouroble., Satisfactory rooting
of plants is provided with precipitation of 35-39 mm in the pre-sowing period, ovoil-
able moisture supplies of 30-49 mm in the 1 m soil layer or the depth to which soil
is wetted equal to 25-39 em. The frequency of favourable years for the rooting of
plants constitutes 8 yeors out of 10.

2, Takyr Depressions

The frequency of good and satisfoctory years for rooting is 3 and 4 out of
10, respectively,
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3. Small hummocky sands and lower parts of soandy ridges

They occupy the largest area. Good and satisfactory rooting is observed in
3 ond 4 years out of 10, respectively,

4, The middle part of east and west slopes of sandy ridges

These are the most unfavourable sites for phytomelioration, The frequency
of favourable years for rooting is three out of ten,

5. Tops of Sondy Ridges

Moving sands (barchans) require to be fixed. Favourable conditions for the
rooting of phytomelioration plants are observed in four out of ten years.

The assessment of the territory from the standpoint of favourability of
conditions for phytomelioration is required to reconsider some conventional views in
the field of desert phytomelioration, to impose new demands on the arrangement of
works aimed at improving pastures and to pose a number of problems for agrometeorolo-
gical support of range and pasture mancgement.

Thus, for example, in very wet years phytomelioration plants may be sown in
90-100% of pasture areas; in wet years they are not sown on east and west slopes of
sandy ridges; in years with medium moisture conditions it is advisable to sow plants
in zones of contact of takyr soils with sands, in tokyr depressions here and there
covered with thin layers of sand and in lower parts of small hummocky sands. In orid
years plants may be sown only in the zone of contact of takyr depressions with sands,

Optimum areas under phytomelioration plants may be predicted every year on
the basis of the criteria developed.

Actually, in years with good, medium and insufficient moisture conditions it
is advisable to sow 90%, 40% and 5% of pasture areas, respectively.
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Table 16 - Agroclimatic assessment of Turkmenistan for phytomelioration

Agroclimatic zones Area Extent of favourability of notural condi-
and IMC occupied tions for phytomelioration
(%)

Very dry (I}, 43 Very unfavourcble. Phytomelioration is

IMC of 0.20-0.39 advisable on sands in oases and on the
banks of canals

Dry (II), 35 Unfavourable. Not very satisfactory on

IMC of 0.40-0.59 sands oround wells, Good on sands in
ooses and in locations with ortificial
collection of raoin water

Moderately dry (III}, 16 Satisfactory on sonds around wells., Good

IMC of 0.60-0.79 on doms and firths of Korakum cancl and in
locgtions with artificial collection of
rain water

Moderately wet (IV), 6 Good on sands around wells, Satisfoctory

IMC of 0.80-1,00

and good on ephemer turf ploughed up
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3. FIRE AND DESERTIFICATION*
3.1 Assessment of agrometeorological factors in fire risk
Introduction

Fire and mon have to live together in an environment with a finely balanced
relationship. In Austrolia the effects of fire are evident in almost all the major
vegetation types. The Australian flora has apparently adapted to fires and to avail-
able fire regimes; the adaptation of individucl plant species may be attributed either
to a behavioural response to a certain fire regime, or it may be expressed as a
resistance to fire itself,

The history of fires from geologicol times to the present is a valuable
reference when considering desertification. The general subject is well covered by
a publication edited by Gill, Groves and Noble (198l) and extensive reference has been
made to that text. Although fire can have beneficial effects on some vegetation, it
can also destroy human life, homes, crops, cattle and hence the means of moking a
living,

Some ecologists and conservation scientists argue that the natural build-
up of fuel should be allowed to proceed until g fire occurs. Fire outhorities and
forest managers use prescribed burns to minimize the danger of a major conflagration,
Fires affect the guality of woter in catchment oreas and the needs of the community have
to be guarded. In any case feral animals such as pigs, goats ond rabbits as well as
domestic grozing animals and introduced plants have already altered almost all natural

_ecosystems to a varying degree.

Fire history and desertificotion

The frequency and intensity of fire is inextricably related to climate.
The moisture regime dictates the quantity and condition of potential fuel supplied by
natural vegetation which in turn regulates the fire regime.

During the Eocene period, theory has it that Australia was in close proximity
to the Antarctic Continent which had little ice at the time and the waters surrounding
Australio were relatively warm. As a result there was an attendant high level of
precipitation, The evidence that exists suggests that the predominant vegetation
over most of southern Australia south of Alice Springs was rain forest; this evidence
has been obtoined from both pollen and fossil dota (Kemp, 1981).Although paleo-botanical
evidence suggests closed forests growing under conditions of high and probably evenly
distributed rainfall there is no concrete evidence of forest fires at that time. It
scems unlikely that fires were common but with moist air, thunderstorms probably were
frequent inland, and lightning could have been on ignition source. Such fires that
may have occurred would have been of considerable intensity because of the abundant
fuel that would have accumulated beneath the trees.

At the end of the Eocene period the climate took on a new character; a
cooling trend was storted that led to the formation of the ice cap on Antarctica in
the Miocene period and to glaciations in the northern hemisphere at o later date. The
rapid increase of ice around Antarctica led to atmospheric circulation patterns not
unlike the present regime,

*by F.A, Powell (Australia)
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It must be concluded that the present=doy aridity of Central Australian
regions was due to a change of climate and not to destruction by fire. According to
Kemp (ihid) grasslands developed under conditions of at least periodic aridity; the
modern sclerophyll forest which covers most of Australio is relatively fire~prone and
probably had its origin between the latest Miocene and the early Pleistocene.

Although the degrodation from rain forest to open sclerophyll vegetation in
inland areas most probably is the direct result of climatic change, it is possible
that natural lightning-generated fires could have accelerated the trend towards dry
open woodlands. During the time span when arid phases became more common as the
climate varied o higher frequency of fires would have favoured the spread of
sclerophyllous woodland at the expense of the more fire.sensitive areas of rain forest
due to the inherent build-up of litier on forest floors. Even a fire occurring
naturally every few hundred years, or within the life span of the eucalypts, would
have been sufficient to favour the drieg more open vegetation (Kemp ibid). The more
frequently fires occur then the more favourable the conditions are for the genercation
of fire-prone vegetation. According to Kemp (ibid)} it is merely conjectural whether
such a mechanism operated during the Tertiary period as there is no concrete argument
to support this theory; all thaot can be said is that the frequency of fire necessary to
initiote such o trend is well within the scope of naturally occurring fires. Besides
lightning, other natural sources of ignition could have been burning coal seams,
resulting from spontoneous combustion, or volcanic eruptions. Volcanoces were active
along Australia's eastern ond south-eastern coastal fringes from Palaeocene to
Holocene times.

The sclerophyll species which constitute on overwhelming majority of the
Australion flora at present are not only considered fire-tolerant but are sometimes
classed as fire-requirers and fire-promoters (Jackson,1978}. It has even been suggested
that the sclerophylls have acquired by selection the capacity to tolerate ond use high
fire frequencies in competitive balance with other communities and in the process they
have become adopted to soils of low fertility. (Jackson, ibid).

Occupation of the continent by man brought skills which resulted in man-
made fires. It is thought that the subsequent increase in fires resulting from the
impact of man would lead to more open vegetation and a floristic change from fire-
sensitive to fire—odapted vegetation,

Prior to the ceccupation of Australia by aborigines the fire-sensitive
Cosuarina vegetation and associoted cool temperate growth predominated. Following
aborigine occupotion, partly due to chonging climate ond partly due to fire, open
woodlands or forest of Eucalyptus and myrtaceous shrubs developed with an understorey
of grosses,

The maximum firing of forests does not appear to have occurred until the
arrival of Euvropeons; charcoal deposits at this time rise to more than three and a
half times the value of the highest rise seen during the aborigine period and more
than sixteen times the highest level during the period when only naturol fires occurred,
It may well be thot Europeans, unlike the aborigines, probably allowed greater accumulao-
tion of forest debris to oceur so that fires would have burned more intensely than
before.

The response of forest vegetation to fires

Gill (1981) has pointed out traits which enhance survival of plants and also
troits associated with enhanced repreduction. Above-ground fires may entirely destroy
some vegetation, however other vegetation survives because buds are protected by soil,
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The underground cover is a valuable refuge for living matter during a fire. Soil is
an effective insulator and high soil temperotures would be expected to be confined to
a shallow depth, Packham {1970} estimates that only cbout five per cent of the fire's
heat penetrates the soil.

As Gill (loc.cit) points out plants have a mechanism for placing buds in sub-
terranean positions. Both root buds and lignotubers serve to assist certoin vegeto-
tion to survive fires, As would be expected aged plants seem less oble to survive
fires thean the younger mature plaont. Vitality can be reduced by repeated burning ond
Grano (1970) found for the south-east of USA that biennial burning eliminated sprout-
ing on 59 per cent of rootstocks and annual burning eliminated sprouting on 85 per
cent of vegetation.

Sprouting maoy be considered as a process of adaptation by the plants to
stress, and fire certoinly does apply the required stress.

Gill (1981) has given the following findings regarding plant resistance to
fire:

e Plont traits considered adaptive to fire may be distinguished by their
vegetative survival; enhanced reproduction through fire-stimulated flower-
ing; enhanced reproduction through on-plant seed storage ond fire-
stimulated dispersal; enhanced reproduction facilitoted by in-soil
storage with fire-stimulated germination;

e A single trait such as vegetative survival and resprouting or hardseeded-
ness, may be adaptive not only to fires but also to other voricbles;

o Different species in the some environment may have different adoptive
traits but persist with equal success;

o The significance of o trait ond its adaptive value can only be considered
within the context of the life cyclej

e For fire as an environmental varioble, adoptation must be considered in
terms of the fire regime type (i.e. peat or above-ground fire), season,
frequency and intensity of fires;

e Fire is only one of a set of selective agents foced by a plant population:
those traits which enable survival ond reproduction during a succession of
fires must also enable survival and reproduction to toke place during the
stresses imposed by other selective agents, such as droughtj

e Species responses to fire regimes may be many and varied but by defining
fire intensity biologically (100 per cent crown scorch) and by using

responses of moture plants, these responses may be classified.

Fire in tall open forests

At maturity the giant eucalypt forests of Australia may reach heights of 50
to 110 m although tree densities may be as low as 20 to 40 per hectare and the cover
of the tree canopy only 35 to 55 per cent., Fires may burn through the upper cancpy,
the undergrowth and litter, or on peat and soil-humus loyers. These have been desig-
nated "crown', 'surface’ and 'humus' fires, Wet sclerophyll forests need an annual
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roinfall of 1 500 to 2 000 mm with the driest month above 500 mm. In general the
higher the rainfall the greater the total amount of fuel produced and of course the
wetter the season the less the expected fire frequency. The fertility of soils is
likely to be depleted in high rainfall areas subjected to repeated severe burning,
Poor soils in turn tend to support markedly sclerophyllous undergrowth (Ashton,l981)
which is low in mineral motter and hence highly flommable. Ridges and spurs exposed
to dry winds will tend to carry fire more easily and constitute 'fire paths'. Fires
will tend to burn severely on the windward slopes in contrast to fires on the lee
slopes. In eucalypt forests the deciduous bark streemers, rough fibrous bark or
lichen epiphytes tend to carry fire up to the canopy under certain conditions, thence
to disseminate the fire ahead of the main fire front; this phenomenon is known as
'spotting' or spot firing. Crown fires are dependent on a sustained wind for main-
tenance; they do not persist when an unfavourable downhill slope is encountered. Fire
whirlwinds are generated under suitable conditions with high intensity fires. During
such intense conflagrations whole trees are often bodily hurled tens of metres.

Shea, Peet and Chaney (1981) describe fire whirlwinds as follows: Fire whirl-
winds are associated with strong convection from fires; they usuvally occur on the lee
of slopes near ridge tops and can occur when the surfaoce winds are strong. The occur-
rence of fire whirlwinds moy depend on air stability, the vertical wind structure and
the fire pattern in relation to topography and the prevailing wind direction, The
intensity of the whirlwinds depends on the rate of energy release and hence controlled
fire ignition can restrict their occurrence in trial burns, The base of the whirl-
wind can breck away from the point of initiation and move downwind showering its
track with spot fires. People have been killed when whirlwinds have moved out of the
fire and overrun fire crews or trapped them by mass spotting into unburnt fuel. 1In
the past fire-fighting crews have been trapped on a lee slope either by an unexpected
wind changz or because the prevailing wind direction was not recognized ond they were
working down-hill into an upslope thermal wind which was blowing in an opposite
direction to the wind aloft.

The potentiaolly high flommability of the forest may in fact be the secret
of the success of forest regeneration under favourable conditions. Such o philosophy
was expressed by Mutch (1970) for the USA. The protection offered by various
tissues is chiefly related to the delay of heat penetration to vital areas. Ashton
(1981) suggests that the flommability of the crowns in a euvcalypt forest may be
expected to create conditions of explosive heat for a very short time. It is
possible that the protection offered by seed capsules could be sufficient to protect
the seed for this critically short period and if this is the real explanation then
the timing is perfect., The harvesting of the seeds of the forest is lorgely carried
out by insects. In eucalypt seed is stored in the canopy of the tree where caopsules
persist for two to three years ensuring that ot least the crop of one good flowering
season is available; after a peck flowering year, the storage of seed in this fashion
may amount to fourteen million seeds per hectare. Mount (1969) suggested that due to
the peculiar phenology of many of the eucalypts, the moist capsules are situated
below the current foliage and heat would therefore tend to be swept upwards and away.
1+ has been observed that during the passage of the front of the crown fire, before
the arrival of the surface fire, a cool updraught of oir occurs; these occurrences
could be critical for the survival of seed in capsules.

&
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Responses of forests to fires

Fire plays o role in determining the moke-up of a forest. In south-
castern Australia recurring fires of high intensity have reduced the distribution of
wet sclerophyll species and encourcged dense scrub and coppice forest regeneration
in once park-like forest and woodland communities (Pryor, 1939}, There is evidence
that repeated and frequent burning may convert open forest with a shrub understorey
into open forest with a graoss understorey.

Dry sclerophyll forests exist in a Mediterranean-type climate with «
summer drought, high temperatures and periods of hot dry winds. Although such forests
are very fire prone and highly flcmmable, they are fire tolerant and capoble of sur-
viving intense fires and recovering rapidly thereafter. After a fire, regeneration
can take place by vegetative regrowth, or from seed residue in the soil or seed '
released from plonts. The introduction of exotic grasses into the forest may result
in higher fire frequencies. Regular recurrence of fire may cause changes in the
density of shrubs in the understorey. According to Gill (1975) a situatien could
arise where a zone which had rain forest potential could be maintained at a eucalypt
stage of succession by frequent fire., A change in forest microclimate is one of the
most important indirect effects after fire, Fire removes the litter and the lower
strata of vegetation which could limit infiltration of rainfall and solar radiation.
The bird and animal population is also affected by fire. Plants suffering suppression
from competitive vegetation or pests and disease may be stimulated as a result of fire,
not only by the thermal effect but by a change in the microclimate. Plant nutrients
are recycled and the combination of exposed forest soil, the removal of dead material
and its conversion to nutrient ash, promotes plant growth., Although nitrogen is lost
during a #ire, an improvement in its availability following a fire often compensates
for the loss in the short term. The balance between nitrogen loss and improved avoil-
ability depends on such things as soil type, soil pH changes, the amount of ash pro-
duced and the temperature to which the soil is heated, It is believed that in the
long term nitrogen lost during fires is returned to the ecosystem primarily through
fixation of atmospheric nitrogen by the root-nodule bacteria of certoin understorey
shrubs such as the native legumes,

Legume thickets do not result from low-intensity fires. The most extensive
thickets of legumes develop on favourable sites following large, high~intensity wild-
fires (Peet,1971). The phosphorous-to-nitrogen imbalance induced when nitrogenous
compounds are volatilized during fire, while phosphatic compounds are returned to the

soil as ash, may decrease the chances of seedling survival according to Ozanne and
Specht (1980).

Wild fires may remove all ground cover resulting in subsequent erosion.
Brown (1972) studied the effects of an autumn wildfire on two catchments and concluded
that fire had contributed to the total water discharge and an increase in the sediment
loads as a result of a thousandfold increase in the rate of erosion over a period of
12 to 18 months after the fire. Good {1973) recorded only fourfold and twentyfold
increases in sediment loods over a month for a summer wildfire., Both fires burned
similar forests but the initicl vegetative recovery after the summer fire wos ropid
whilst the regrowth after the autumn fire was very slow during the following winter;
hence poor vegetative cover predisposed this catchment to erosion from high-intensity
rainfoll and run-off from snowmelt in the spring.
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Summary

From o consideration of the history of fires on the Australion Continent
it is very unlikely and cannot be claimed thot fires coused the degeneration of the
formerly lush roin forests. The most probable cause of the change in vegetative
cover is change of climate. Fire nevertheless may have played a supporting role at
a crucial peried,

The role played by fire in the vegetation hierarchy is very complex. Low-
intensity fires promote nitrogen degeneration whilst high-intensity fires sponsor
legumes and hence nitrogen enrichment. The phosphate-nitrogen imbalance after a
fire can cause seeding failure. Bushfires ore a necessary function for regeneration
of certain species. Howeversdepending on the subsequent weather the after effects
of fire can be quite different. If o drought year follows a bushfire then regenera-
tion of burnt vegetation would be difficult. Competition for vegetation in a drought
year would also moke survival unlikely. In the absence of significant vegetation
wind erosion could be expected to remove the fertile topsoil. A heavy downpour after
severe fire damage can also bring about the loss of fertile topsoil. Such loss would
promote degeneration of vegetation and could result in desertification,

Areas with marginal reinfall would be the most susceptible to desertifica-’
tion after a fire. Intervention of man after a fire may also cause ¢ fire-ravaged
area to be cleared and when the appropriate weather such as drought or extreme rain-
fall occurs desertification may result,

The husbandry carried out in forest reserves when mancged well, results in
regular reduction of the forest debris which stops a major conflagration occurring
and reduces the risk of fire-promoting desertification,

Grasslands are less conducive to fuel management than forests. As they
dry out each year grasslands present a greater danger for fires and possibly con-
sequent desertification thon well-managed forests. Certainly a succession of droughts
would decrease vegetation on grasslands markedly and moke it susceptible to deserti-
ficotion,

Any change in vegetative soil cover by fire may result in a change in the
microclimate, which in turn will determine whether a surface will be susceptible to
rain or wind erosion, to humus generation and seedling propagation or whether vegeto-
tion will be restricted with consequent soil degeneration,

In conclusion it must also be pointed out that fires have beneficial effects
also. Some vegetation is promoted as a result of fires and certain fauna benefits
when domiciliary habitats are renewed, Diseases and pests can be eradicated when
fire affects vegetation. Fire thus can have beneficial effects as a servant but
when the atmosphere causes fire to become master, the results con be disastrous both
in the immediote future as well as in the long term if desertification results,

3.2 Data regquirements

o Fire

» Desertification
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3.2.1 Fire

The south-eastern part of Australia is, of course, one of the most fire-
prone regions of the earth, Reference will be made here to the Australian methods
used to assess the requirements for fire-hazard data,

Weather ond climate are the main factors in fire behaviour. Whilst climate
determines the quantity and state of fuel, weather determines the daily potential fire
hazard. As a result, seasonal meteorological data are useful for assessing the quantity
and state of fuel. In addition to the state of fuel, other inputs are forecasts of
wind speed, humidity, reinfall (if any) and temperature in the near future,

Data reguirements for existing methods

The elements which exert most influence on fire propagation are fuel
(quantity and state) and wind (speed). In order to assess the state and quantity of
fuel there is a weekly accounting system for key stations. The fire services provide
additional data on the state and quantity of fuel. Data on seasonal precipitation
and temperature also provide useful information on potential fuel for the forthcoming
fire season.

There are many fire-measuring instruments which moke it possible to deter-
mine the state of fuel, windspeed, temperature and humidity. In Australia, separate
instruments {Luke, McArthur, 1977) are used for meadows and forests. In the instrument
for forests, a special "drought factor" is used to determine the state of fuel. The
drought factor is taken to be a function of oir temperature and precipitation; the
number of days ofter the last rain event is also considered, In the instrument for
meadows, the state of fuel is taken from direct observations in particular regions.
Forecasts are made of windspeed, humidity and maximum temperature aopproximately at
the time of the maximum temperature., This forecast information is introduced into
the corresponding measuring instrument for meadows or forests and a forecast value
of the fire hazard is obtained. Consequently, the requirements for dota on fires
now almost completely consist of forecast parameters. A special observation of pro-
longed fires is introduced with special attention to the structure of wind and heat
in the vertical. Jet streams in the troposphere are extremely important. Forecasts
of storm probability in forest areas are especially useful as warnings for tcking
counter-action against lightning fires.

Possible future use of satellite fire-hazard data

At present, point assessments ore made of the fire hozard. Radiction fields
can be obtained from geostationary satellite data, Correlations between the state of
fuel and radiation data using ground-truth data would give the current "field" of
the state of fuel.

The TIROS polar-orbiting satellites can be used for obtaining the fields
of dew point, temperature and wind at least up to the 850 hPa level at present;
boundary conditions prevent the fields from being obtained at the earth's surface.
The possibility is not excluded of obtaining representative fields for the approximately
1 000 m level with subsequent determination of surface "fields" by assembling as many
surface observations as possible,

After obtaining the "field" of wind, temperature and humidity using the
satellite, one can use a forecaster to provide forecast fields of the main meteorolo-
gical parometers which ore needed For determining the fire-hazard field.
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Use of satellite data in conjunction with surface data would permit better
assessment of the fire hazard., It is often helpful to enlarge satellite pictures in
order to determine storm activity more accurately, Frontal activity can be monitored
from sequential sotellite pictures in order to establish a potential source of storm
activity., Lightning recorders are used in conjunctieon with radar to locate and warn
against lightning discharges.

Detection of surface moisture, for example recent rain or dew,would be use-
ful. In arid regions dew can frequently be a deciding factor as to whether a particular

type of vegetation can survive.

3.2.2 Desertification

Fire facilitates desertification, Drought on its own helps to exhaust the
vegetotion and soil, but drought in conjunction with fire speeds up the desertifica-
tion. Continuous observations must therefore be made of drought in order to be able
to issue timely announcements and take recovery measures. In Australia, the drought
observation system is based on precipitation deciles (Gibbs, Maher, 1967).

Vegetation is the deciding arbiter of whether it will suffer from moisture
deficit. A method for dividing up soil moisture layer by layer occording to seasons
was developed by Baier and Robertson (1966). If it is possible to test their model
according to selected points with actual soil-moisture data, the model can be correla-
ted with the moisture deficit, thus producing useful information on such signs of
desertificotion as the exhaustion of the plant cover,

Fire results in a situation in which the earth’s surfoce is susceptible to
erosion whether by water or wind, A representative station network measuring the
intensity and duration of precipitation is therefore useful in assessing potential
domage from erosion; likewise, a station network with onemometers should provide the
necessary wind data, Most wind-finding stotions give, amongst other information, mean
wind speed, but in this case it is necessary to obtain the arithmetic mean of the
cube of wind speed and not the cube of the arithmetic mean speed, according to Duncan
(1977)Jsince wind erosivity depends on the cube of the wind speed.

Meteorological data can be used in planning tree planting to protect fields
from extreme values of wind and radiation, in order to promote the renewal of vegeta-
tion in some creas.

The difference between evapotranspiration and precipitation can be used to
determine:

¢ Degradation of plant cover;

e Exhaustion of soil structurey

» Reduction in the soil's organic matter content;

¢ Swamping and excess of toxic substances.

In order to monitor these phenomena, it is possible to obtain from satellite
dota fields of temperature, humidity, radiation, wind and precipitation; these can

be used to derive the difference between the fields of evapotranspiration and preci-
pitation, instead of estimates of these parameters for selected points.
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Summary

It is important for proper management to have data on the processes which
promote fire-inducing weather and desertification,

Application of the newest methods for the analysis of standard satellite
dota will be able to provide various fields of observations rather than observations
at o selected point, As a result, the signs of fire hozard and desertification should
be presented in the form of the fields rather than points,

It may well be possible in the future to obtain fields of soil moisture
from satellite information as well as to observe or calculate areas of dew formation,
Dew may be an important source of moisture in certain coses for arid and semi-arid
vegetation as well as, if the presence of moisture is necessary, for the development
of disease,

It thus seems that the application of satellite data in conjunction with
‘ground-truth dota is the key for future progress in combating fire and desertifico-

tion,
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4, EFFECTS OF PESTS AND DISEASES ON THE PROCESSES OF DESERTIFICATION*

Pests and diseases cause serious domage to crop yields. According to FAD
data, insect pests destroy one fifth of the world's harvests, which can be roughly
broken down as follows: about 200 million tons of grains, 230 million tons of sugar
beet, 30 million tons of potatoes, 2 million tons of vegetables and almost 12 million
tons of fruit.

Dozens of types of insects damage all the main crops; for exomple, there
are 40 known types of insects which damage rice, 60 which damage potatoes, about 100
which domage sugar beet, 128 which damage wheat and maize, etc. (Prokofiev, 1982).

In years of heavy and widespread infestations, there is particularly heavy
damage to the crops. The history of farming in arid and semi-arid areas includes
many tragic consequences of locust invasions. To mention only one of these cases,
in November 1889 there was massive breeding of locusts in Egypt. The gigantic "cloud"
flew over the Red Sea during the space of a few days and settled in the plantations
and gardens in Arabia, completely déstroying the flowering oases and green fields,

It was calculated that the locust swarm covered an area of 5 967 kmZ and weighed
44 million tons (Prokofiev, 1982),

A great deal of information has been collected on the desert locust
(Schistocerca gregaria), the climatic conditions of its habitat ond mass breeding,
migration routes depending on weather conditions, etc., which the reader con find in
the very interesting publication "Meteorology and the desert locust” (WMO-No,
171.TP.85, 1965). as well as in the specialized literature on plant protection against
pests and diseases or on general entomology.

Unfortunately, the members of the working group did not have any new
material at their disposal on this question, particularly on the characteristics of
the ogrometeorological conditions favouring the mass breeding of pests and epidemics
of disease,

It should, obviously, be noted that chemical plant protection has been
rapidly developed since the beginning of the 20th century.

About 10 000 new insecticides are now being tested every year in the different
countries of the world. There are now more than 5 000 brands of pesticides whose
annual production exceeds 15 million tons and whose area of application covers about
4 million hectares. The efficiency of man's chemical attack on pests is, nevertheless,
dropping because many types of insect pests are developing immunity to the insecticides.

Practice shows that the best results are obtained by combining chemical and
biological methods for protecting crops against pests and diseadses.

4.1 Reference for section 4

Ipoxogves O0.H.,I1982. In rasmcrpexHye BePOMOHH, EYDHAL

"Yeyopex u mpupopa”, ¥ 8. Man."Snamne", Mocksa.

*by I. G. Gringof (USSR)
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PART III

1. EXPERIENCE OF APPLICATION OF REMOTE SENSING TO ASSESSMENT OF THE
STATE AND PRODUCTIVITY OF VEGETATIVE COVER

1.1 Use of aerial multispectral surveys to assess the productivity of
desert pustureland and crops*

The main physical background for the remote acquisition of information
from agricultural lands is the difference in the energy brightness between natural
and mon-made plots of the earth's surface. To solve varicus tasks the whole spectrum
of electromagnetic radiation is used, from low-frequency rodic waves through metric
and millimetric waves used in radars ond radiometers, infrao-red, visible, and ultra-
violet regions of optical spectrum, up to gamma-roy photons of materials.

At present, in the U.5.5.R. ond other countries, some experience has
olready been accumulaoted on the assessment of the productivity of desert pasture
vegetation and crops from photometric and spectrometric measurements in visible and
near-infrared regions of spectrum (3, 5, 10-12, 18). The procedure for such on
assessment is based on the applicotion of the spectral brightness coefficient of
objects, ry , by which we mean the ratio of the object's surface brightness in a
given direction, B, to the brightness of an ideal scattering surface (reference},
B, at the same illuminance in an individual spectral band.

B
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The magnitude of spectral brightness coefficients (SBC) of the soil/plant
cover depends on a number of foctors such as the stote ond composition of vegetation,
soil conditions, light conditions, conditions of measurement, etc. Let us discuss
the effect of some basic factors on the SBC value.

Integral brightness coefficients of plant cover are essentially determined
by the structural peculiarities of this cover (3, 4, 7, 19), Variations in the nature
of reflection between different types of vegetation are above all determined not by
properties of leaves themselves but their position inside the sward or forest stand.
As the result, the reflectonce of vegetation is determined by the number of illumina-
ted plots and shaded spaces between them (3, 23). Moximum optical contrasts in a
scene are observed between illuminoted and shaded elements.

In photographs in the visible region of spectrum, the illuminated elements
of plants and soils appear as light to light grey. All the shoded elements appear
as dark grey to dark, The area of half-tones is comparatively small, The regular
alternotion of illuminated and shaded surface elements has become commonly referred
to as the light-and-shade mosaic (LSM),

The smaller the crea of shades in LSM, the higher the SBC wvalues of vege-
tation and the lighter tone of image wvegetation has in panchromatic aerial photo-
graphic materials. The relationship between the area of shades in LSM and optical
properties of plant cover has the form of an exponenticl curve (3, 4, 19) (Figure 3).

*by I, G. Gringof and A. D. Kleschenko (USSR)
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Figure 3 - The form of the relationship between the spectral
brightness in the 590-680 nm bond and shaded orea
in the light-and-shade mosaic (%) of a cotton field

The relationship between fields in LSM depends on light conditions and, if those
are comparable, on the structure of plant cover ond above all on the shaded area on
the ground as well as the relevant structural characteristics of a crop stand
(density, height, moss, number of layers, leaf area index, etc.).

Figure 4 illustrates the relotionship between SBC of plant cover and
shaded area on the ground,
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Figure 4 - The generalized form of the relationship between the
spectral brightness and design cover, P (%), of the semi-

desert semi-shrub vegetation; at ho = 30-357, Ty = 0.25 in
the 590-6B0 nm spectral band

The area of shades in LSM increases with the height of stand, h, As stated

in (4, 24), communities of higher plonts have lower SBC than those of lower plants
with the same cover (Figure 5).
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Figure 5 -~ The form of the relationship between the total brightness in
visible spectral region (A = 475-640 nm) and the height of
grass stand in a mixed grass and cereal meadow community

The nature of the dependence of SBC on vegetation changes with the degree
of covering. This dependence is best shown at low and moderate values of covering
up to 50-60% when soil effects on the integral image are pronounced (Figure 4). With
covering of about 60-70%, the relationship becomes less close. Finally, quite o
weak relationship is observed in closed communities with significant covering (80-
90% and more).

The photometrie technique for the determination of the above-ground vegeta-
tive mass, leof area and plant density as developed in the U.S.S.R. is based on the
relationship of soil/vegetation system's SBC to plant cover parometers (1, 2). As
an example borrowed from (15, 17), Figure 6 illustrates SBC of wheat and alfalfg
stands ot different volues of vegetative mass. The data in Figure 6 were obtained
from the results of photometric measurement of Bezostayo-~1l wheat stands at the earing
stage and alfalfa at the inflorescence stage. The stands were located on a typical
sierozem. Photometric measurements were made with a field spectral photometer (9)
placed normal to the soil surfaoce at clear sky and sun altitudes of 55-60°, The
spectral range of the photometer’'s sensitivity was 380-900 nm. The spectral resolu-
tion in this wavelength interval was 16 nm. The altitude of the photometer's in-
stallation was such that the photometer covered a plot of the stand. As a reference,
baryta paper with o known brightness coefficient was used, After photometric measure-
ment, the above-ground plant moss on the plots was cut and weighed with a balance to
an accuracy of 1 gram. It can be seen from Figure 4 how significantly the amount of
vegetative mass affects SBC of stands,
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Figure 6 — The curves of spectral brightness coefficients of (a)
wheat and (b) alfalfo stands on o typical sierozem.

Numbers above the curves are the volues of green moss
of stands, 100 kg/ha.

The closeness of relationship between reflecting properties of plant cover
and some of its porameters and therefore the errors of the technique depend on the
degree of contrast in the soil/vegetation system. With contrasts less than 0.15,
the relationship between SBC of the soil/vegetation system and plant cover parameters
is insignificant. MWith contrasts of 0,5 and more, the relationship is fairly close.
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Under those conditions, in the case when photometric measurement is mode in the
normal direction to the earth's surface and otmospheric effects are minor, the
relationship between SBC and plant cover parameters can be approximated to a
reasonable accuracy by the following formula (2, 18):

- BEM
. R(R, -R -1)+ (R - R Je "

v RR -1+R(R -R)e 2
Vs vV s
where
Rsv is the spectral brightness coefficient of the soil/vegetation system;
RV is SBC of the utmost dense plent cover, i.e. o cover that completely
shields reflection from soil;
M is the above-ground vegetative mass per unit areq;
B is the parometer representing the structure and reflecting properties

of o given plant cover
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Equation (1) is the transformed formula of Gurevitch (6) and Kubelka and
Munk (22) which they obtained in a two-flow opproximation under certain simplifying
assumptions concerning the light field inside the scattering medium,

The values of B and Rv are constant for a given plant cover., To determine
plant cover parameters with formula (1) it is necessory to measure brightness co-
efficients of the soil/vegetation system (Rsv) and of soil (Rs)u

Figure 7 represents SBC curves of some soils ond a green plant. They allow
for the choice of effective wavelengths {those where the maximum controst between
RV and R is observed) which are worthwhile to be used in measurements. For black
soils, those wavelengths will be in the range of 500-600 nm, for saddy podzalic
soils in the ronge of 600-650 nm. The wavelength required is selected by means of
appropriate photocells and interference light filters.

At present, a number of spectral photometers have been developed for both
ground and cerial measurements (9, 10, 12, 20)}. Figure 8 illustrates the photo-
meter's optical train as described in (10) which is used in both ground and aerial
measurements of SBC of soil and vegetation abjects, As can be seen from the train,
the instrument is a two-beam photoelectric photometer with two photoemetric heads 1
and 2 of which one serves for measuring reference brightness 3 and the other for
measuring object's brightness 4,

The light flow reflected from reference 3 passes inlet 5 of a photometric
head, system of diaphragms 6, frosted glass 7, light filter 8, and enters photocell %,
The same is true about the optical train of the instrument's measuring arm, The in-
strument is fairly simple in both design and operation, In this case, brightness
spectral coefficient of the object, R, is determined by the formula:
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8
R =R E—‘?’— (2)

where
Rr is the known reference brightness coefficient;
B° is the object's measured brightness; and
Br is the reference measured brightness,

The angle of view of the instrument is 35°, The instrument is calibroted
on the ground by simultaoneous measurement of Rsv' Rv’ Rs’ and relevant plont cover

parameters (10). To that end, 20-30 plots cre selected (1 x 2 m) so as to cover
whenever possible the whole roange of plant cover parometers for a given plot. Then
at each plot, measurement is mode of Rsv' Rs' and vegetative mass (by cutting) and,

when necessary, leaf areo and plant density. The value of B is further determined
by formula (1) using the least square technique, Then with that value the conversion
curve is coalculated for different values of RS ond M.

The form of the conversion curve for the determination of corn mass at‘the
stoge of poniculotion is shown in Figure 9,
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Figure 9 - Photometer's conversion curves for ¢ transition from R v te M of
s
corn at the paniculation stage, Rv = 0.05; ‘3 = 0,00025;

J{qu = 670 nm
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Such curves are plotted for different crops ot individual stages of develop-
ment., Curves are plotted for sum altitudes no less than 30°C, Further, using those
curves in medasuring Rsv and Rs it is possible to determine plant cover parameters,

As pointed out at the beginning of this section, the relationship of soil/

plant cover system's SBC to the soil cover parameters can be affected by soil's
brightness coefficient and light conditions. The soil's SBC depends in turn on
light conditions, the degree of tillage and soil moisture, While in ground photo-
metric measurements all those effects can be relatively easily accounted for, diffi-
culties may arise in aerial photometric measurements for the determination of seil's
SBC in the stand. These difficulties increase in aerial surveys of areas with a high
diversity of soil contours. The use of the brightness coefficient ratio in two
spectral bonds considerably simplifies the conduct of observations for when the sun
altitude, moisture, and soil surface conditions change this ratio changes insignifi-
cantly (11, 14), The idea of the approach consists in the selection of two spectral
bands wherein the investigated object hos different absorption. The spectral bands
thus selected must be as close to each other as possible so that the effect of side
factors on light intensity in these bands is the same whenever possible.

In the determination of plant green mass, it is convenient to employ one
spectral region within the chlorophyll absorption band ond the other outside it,

The most efficient bands in the spectral regions of 400-1200 nm are those

R750

around wavelengths of 670 and 750 nm, The use of R allows for moking measurements
670

from high altitudes since due to the relative closeness of the spectral bands their

cerosol coefficients of attenuation do not differ much. The dependence of the SBC

ratio of the soil/vegetation system for the radiation with wavelengths near 750 nm

and 670 nm (K_ ) on plant cover parameters can be expressed to a reasonable accuracy

by the formula (11):

-oLM
e

K, =K, + (K -K) (3)

s
where; KV is the SBC ratio of extremely dense plant cover, i.,e. that completely
shields reflection from soil, for the radiation with wavelengths near

750 and 670 nm;

K_is the SBC ratio of the soil under plonts for radiations with wavelengths
near 750 and 670 nm;

M is the value of the above-ground vegetative mass, 100 kg/ha;

% is the parameter representing the structure and reflecting properties of
a given plant cover.

The sequence of steps in the determination of plant mass using the ratio
opproach is exactly the same as in the case of brightness coefficients (plotting
conversion curves, measuring st and Ks' and determining M},

At present, regular cerial photometric surveys of desert pasture vegetation
and crops at different stoges of development are made in the U,S$.5.R. from oircraft.
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Surveys are normally made at sun altitudes no less than 30° in order to reduce the
effect of the sun's elevation on values of the brightness coefficients,

Flight speed of the aircraft is nommally 200-300 km/h, the altitude of
flight in surveys of desert pasture vegetation being 1000-1500m ond in crop stand
surveys 150-300m. In so doing, crop varieties are determined visuvally by the operator
from a number of indications., It is the operator who records the beginning ond end
of measurements in accordance with the length of o field of a particular crop. On
board the aircraft, a measuring complex is installed which allows the input dota to
be recorded in three ways simultaneously (12):

(1) By analogue recording on a diagram tape to control the input dato;

(2) By digital printing on a paper tape for operational processing on
boord the oircraft; and

(3) By punching tape for subsequent processing and analysis at the
loboratory,

By now, within the system of the Hydrometeorological Service of the USSR
four territorial centres have been established whose surveys cover almost all the
regions of the European Territory of the U,5.5.R., Central Asia and Kazakhstan,
Based on the results of surveys, o map of the productivity of desert pasture vegeta-
tion is prepared and the amount of the above-ground vegetative mass of individual
crops by routes or averaged over the oreo is output.

Maps of desert pasture vegetation yields are used by central agricultural
bodies in planning operations in livestock breeding on distant pastures.

The amount of the above-ground vegetative mass os an inertiol index finds
many opplications in the assessment of both crop stand conditions and the expected
crop yield, The research done so far indicates that there is a foirly good
relationship between the amount of vegetative mass for grain crops at the earing
stage and the amount of expected yield (8, 14). The coefficient of correlation
varies from 0,75 to 0.85 depending on  crop and area considered,

Aerial surveys allow information to be regularly obtained on the distribu-
tion of vegetation over the ared under survey. Such surveys are particularly importont
when it is necessary to estimate operationally crop grewing conditions in individuel
regions suddenly offected by adverse conditions,
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2. DETERMINATION OF WATER SUPPLIES IN THE SOIL AND ON THE SURFACE FROM AERIAL ’
GAMMA PHOTOGRAPHS*

In 1962, the technique was invented in the U.S5.S.R, for the determination
of woter supplies in the upper layer of soil and on its surface based on the effect
of the attenuation of gommo radiation of natural radicactive elements in soil,

This technique has found some application in other countries,

Natural sources of gomma radiation in soil are radioactive elements of the

238

U and 232To fomilies and 40K isotope. These rodicactive elements occur everywhere
in soils and rocks and set up a gomma-ray field in the surface layer of the otmosphere
whose intensity, J, ot altitude h above the soil surface depends unambiguously on
relative soil moisture, W, ond water supply on the soil surface, e.g. in the snow
cover, p. This relationship is well approximated by the following expression (4):

J _ Joexp(("YE - Yh)/kl)
- 1 + kW

4)

where J = J (with p = 0, h = 0, ond W = 0) is the value determined by concentrations
of radioactive elements in soil; p and h are expressed in g/em”; k. and k are the co-
efficients representing the difference in absorbing properties of soil, water, ond

air; and ¥ is the coefficient depending on the spectral angular characteristics of
the radiation concerned,

In measurements from the altitude of 20-100 m, relationship (5) is followed
quite exactly (oerial gamma survey). As this takes place, k1 = k = 1.11, Relation-
ship (5) may be used as a calibration curve to determine the water equivalent of
snow at invaricble soil moisture. With p = 0, this relationship may be used for the
determination of soil moisture, In this case, it takes the form as follows (5):

J = Jo/(l + kW) (5)

The contribution of soil layers located at different depths to the total
flow of gammo-roy photons decreases with the depths approximately exponentially,
Therefore, the sensitivity of gemma survey to soil moisture changes at different
depths also decreases with the depth. Actyally the whole radiation measured is
emitted by the upper soil layer 30-40 g/cm” wide (approximately 30-40 cm), thus pre-
determining o possible depth of measuring soil moisture with the help of gamma survey.

To determine the soil moisture along particular routes it is required to
determine the value of J , i.e. the intensity of gamma radiation of dry soil in the
30-40 cm layer for o given route, Referencing can be made in another way, namely
simultaneous measurement of gamma radiotion intensity, Jl’ ond soil moisture, Wl, of
the investigoted cbject. In this case

Yo = I/ (1 + ki) (6)

*by M. V. Nikiforov (USSR)
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Substituting expression () into (5) we obtain the following relationship
for (4):

J
1 L 1
H=J— T(--Wl)--lz (7'\)

i.e. further measuring gemma rodiation intensity, J, it is possible to trace the soil
moisture dynamics. The instrumentation complex for aerial measurements involves two
detectors of gamma-ray photens which are scintillation NaJ (TL) monocrystal counters
150 mm in diometer and 100 mm high placed into steel collimators, One of them is
intended to measure gamma rodiction from below (from the object) within the angle of
a 150° spread and the other from above within the cone of o 50° spread. The complex
then involves digital recorders (counters) to record the radiation measured; radio
altimeters to measure flight altitude; two pulse anclysers providejowith systems

for stabilizing the energy scale according to the photopeck of the K radiction with
an energy of 1,46 MeV, The width of the ground strip covered constitutes two or three
flight altitudes.

Table 17 shows the results of comparative measurements of soil moisture by
means of aerial gamma survey and thermostat weighing technique for different soils
and crops (2, 5). To that end, measurements were made of gomma radiotion intensity
on the investigated fields from which the value of soil moisture was further calculoted.
At the same time, on the same fields ground-truth measurements were made at 40 points
for each route. Random discrepancies between the value of soil moisture as obtained
by means of gamma survey and that obtained from ground-truth mecsurements {averaged
over 40 points for each route) are shown in Table 17.

Table 17 indicates that quite reliable data on soil moisture over large
areas can be operationally obtained by means of gerial gemmo survey, The results of
such operational surveys are used for the assessment of the state of crop stands and
their moisture conditions for the purpose of determining the irrigation terms on
irrigoted lands.

In the U.S.S.R., cerial gamma surveys of snow woter equivalent ore also
regularly mode, The results of such surveys are used in moking forecasts of river
floods and for the assessment of water supply in soil by spring..

The survey procedure boils down to aerial measurements of count rates from
the recording of gamma radiation flow of soil over show-measuring (water-measuring)
routes with the division into three landscapes in snow surveys (wood, field, shrubs)
and into three crops (winter, spring, tilled) in moisture surveys, The change in
intensity from survey to survey is completely attributable to the change in snow
water equivalent in winter and in soil moisture in summer.

The level of instrumental techniques for surveys attained in the U.S.5.R,
provides the accuracy of measurements of show water equivalent in plains with a
stable snow cover ond supplies up to 300 mm of 8-9 while in mountains with snow
water equivalent up to 600-700 mm the accuracy is 10% and 1-2% on particular fields.
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Toble 17 - Rgndom discrepgncies ercentage of moisture) between
the vaolues of soil moisture obtained by means of
gerigl gomma survey and ground-truth technigues
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A . Length of
Crop Soil type route, m %

Potato Soddy podzolic 900 0.9
- middle loam

Winter wheat Soddy podzolic 800 0.8
- middle loam

Potato Soddy podzelic 900 2.5
- middle loam

Potato Soddy podzolic 800 1.1
- middle leam

Barley Soddy podzolic 2 000 0.4
- middle loam

Winter wheat Soddy podzolic 700 0.9
- middle loam

Winter wheat Soddy podzolic 600 1.1
- loamy sand

Winter wheat Soddy podzolic 600 1.1
- loamy sand

Winter wheat Soddy podzolic 800 1.5
- light loam

Potato Soddy podzolic 900 0.5
- middle loam

Potato Soddy podzolic 500 0.9
- middle loam

Potato Soddy podzolic 600 0.5
- middle loam
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3. APPLICATION OF LANDSAT DATA FOR NATURAL RESOURCE INVENTORY AND
MONITORING OF DESERTIFICATION*

The report by K, A, Shankarnorayan and S. Singh, "Application of Landsat
data for notural resource inventory and monitoring of desertification" (South Dakota
State University, Brookings, South Dokota, U.S.A., October 1979) has demonstrated the
feasibility of the application of Laondsat imogery for:

(1) Visval interpretation of natural resources of Rajasthan {Indic) and
surrounding regions on a folse colour composite mosaic;

(2) Semi-detailed mapping of earth resources and monitoring of desertifica-
tion from one scene covering the Middle Luni River Basin by both visual interpretation
ond digital analysis. Pictorial and visual interpretation of Landsat imagery has been
used for the assessment of earth resources on a regional basis over vast areas, The
first approach is to observe the difference in the grey levels in the four spectral
bands or to use coclour composite enhanced imoges produced by a combination of the
ERTS pictures.

Success of Landsat imagery interpretation begins with acquiring cloud-free
or at least less thon 10% cloud cover Landsat scenes of the study site.

The second cpproach involves semi-detoiled mapping of earth resources by
computer onalysis and is referred to os the digitol approach. The four bands of
data are spatially recorded and stored on magnetic topes in computer-compatible tape
(CCT) format.

Considering thot the digital approach has the limitation of covering only one
small subscene at o time, ond in view of the expensiveness of hordware and software
(for India), the digitol opproach was confined to two stratified small subscenes for
estimating ronge biomass and distribution of vegetation, land forms, soil and water
bodies.

Two options existed in selecting Landsat scenes:
(1) Viewing the microfiche on a display screen;

(2) Viewing a detailed printout of the selected scene on given dates, if
the season was used as d parameter,

Both temporal and multispectral scenes were viewed simultaneously with the
aim of reaching interpretive decisions for timely diagnosis of desertification indica-
tors so that oppropriate measures could be taken to combat the process.

For semi-detailed study of the earth's surface features an interactive
multispectral image processing and analysis system, the General Electric 100, was
used, This system utilized a PDP-11 series computer with standard peripherals.
Computer printout, cathode ray tube and film positive options were avoilable for
display of classification results, The console screen displayed 512 x 512 pixels,

*by I.G, Gringof (USSR)
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Results
1. Mopping of earth's surface features

Visual interpretation of the Landsat false colour composite mosaic of
Rajasthan in conjunction with the ground truth dote led to the identification, de-
lineotion and mapping of nine geomorphic units, from mountains to sandy plains.

Semi-detailed interpretation of one Landsat scene {16 Januvary 1977,
1:250 000) led to the recognition, delineation, and mapping of 16 geomorphic units.

Semi-detailed study of the imogeries indicated that the earth's surface
features are among the most observable resources on the imagery in all multispectral
bands, band 5 imoge providing a clear view of topography and slope.

2. Soils

The USDA World Soil Geography Map provided the basis for the interpretation
of Londsat mosoic and delineotion and mapping of soils. Use of the lLandsat imagery
permitted refining the soil boundaries. The false colour mosaic enabled efficient re-
grouping of soils having similar tonal and textural characteristics.

Twenty-two soils were distinguished from the Londsat false colour mosaic of
Rajasthon and surrounding areas on the basis of information from USDA World Soil
Geography Mop in conjunction with landform features.

Except for a broad differentiation into light ond heavy textured soils, the
soils in general could not be interpreted directly from the Landsat imagery
(16 Januvary 1977, 1:250 000). Nonetheless, it was omenable to interpretation in
conjunction with the landforms. Eleven londforms and their ossociated soils have
been delineated, mapped and described.

3. Vegetation

Vegetation, like soils, is not discernible from o false colour composite
mosaic alone. However, when used in association with information on relief ond
ground truth data, such mosaics permit the delineation of four broad vegetation
types.

It has been shown by a number of scientists that Landsat pictures can be
used effectively for mapping vegetation in intensive forming regions,

In the present study an attempt wos made to determine if the informotion
content of Landsat imagery of arid regions was sufficient to map desert vegetation.

Desert vegetation, like soils, cannot be detected directly from satellite
pictures at the present levels of resolution, However, it is possible to locate areas
of the main types of vegetation from relief and ground truth data,

Band 5 and 7 black and white images and/or folse colour composite imagery
thus permitted efficient interpretation and mapping of the desert vegetotion, However,
the interpretation of band 5 is more difficult with regard to vegetation on medium and
heavy textured soils ond on wet soils. In such coses the band 7 block ond white and
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false colour composite images helped overcome the problem of differentioting the
vegetation from the soils,

Eight types of soil and vegetation have been identified in this way. In
the intensively cropped areas in the dry cool season it is rather difficult to dis-
tinguish between natural vegetation and cultivoted crops. This problem is solved
by temporol analysis of false colour composite images.

4, Water resources

The folse colour mosaic (l:1 000 000) and the colour transparency
(1:4 000 000) permitted efficient mapping of the drainage system of Rajasthan, Four
major drainage systems were recognized in this region, There are many indications
that Landsot dota provide voludble information on water resources,

Surface water resources are easily discernible in all the four spectral
bands. Band 7 clearly demarcated the water bodies from the surrounding regions,
band 6 indicated the presence of algae and phytoplanktons, while bands 4 and 5 per-
mitted a quantitative assessment of sediment ond depth, respectively.

The surface area of water bodies wos determined on @ multitemporal basis
using a 70 mm lantern projector. To this end, the area containing water bodies in
the 9" x 9" black and white transparencies of band 7 was carefully cut out into
10 cm x 7,5 cm pieces, mounted in aluminium fromes of 8.1 x 10 cm and placed between
two thin transparent micro-cover glass plates. The imoge of water bodies cast on the
screen was traced and the area calculated on Numonic Electronic Graphic Calculators,

Evaluation of groundwater potential by visual interpretation of the false
colour composite in conjunction with band 5 and 7 black and white images established
two groundwoter potenticl zones, viz. the donor zone and the receptor zone.

In all the spectral bands of the imoges of the receptor zone vegetation
is conspicuously absent, indicating saline water conditions.

5. Land use

Multispectral scenes were used for evaluating land use in both irrigated and
non-irrigated areas. The false colour composite consisting of imagery for Jonuary
1973 and January and February 1977 was interpreted for present land use.

The false colour composite image appears eminently suitable for delineating
and mapping present land use. Cultivated lond appears in light to dark red, whereas

fallow lond appears bright to dark green.

Seven major land use units were delineated and mapped on irrigated crop
lands ond four major land use units on rainfed (non-irrigated) crop lands,

6, Interpretation gnd mapping of weolian features

The sand dunes appear very prominently in band 5 black and white imagery.
Five types out of the previously reveoled 6 types of dunes were easily cbserved;
oenly the barchan dunes could not be readily identified,
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The Landsat band 7 imagery of the dry cool season was found eminently
suitable for distinguishing the stabilized dunes from the active ones. The stabilized
ond active dunes hove been successfully delineated and mopped from the imagery.

Summing up the results of the reseorch, the authors emphaosize thot digitel
analysis of the Landsat multispectral data permits successful solution of the follow-
ing problems:

(1) Digital analysis of multispectral data facilitoted further quantifica-
tion of natural resources. Comparison of the digitally generated mop with that
developed from ground data revealed goocd correlation of spectral classes to integrated
lond units described by lond surveys.

Reflectance charocteristics of certain types of relief result from voriations
in moisture regime, vegetation, slope and runoff. Thus the reflectance charocteristics
of different landform types may be similer. Digital mepping of the units may precede
field work and act as @ guide to the field sompling aond detciled terrain unit descrip-
tion.

(2) The present research indicates the feasibility of the range biomass
quantification from the Landsat imaogery for various soil series identified from ground
data on the basis of digital analysis of the Londsat multispectral dota.

(3) The band 5 computer overstrike printout permitted spectral differentiation
(pixels with similar grey levels were grouped together) as well as classification and
accurate delineation of the distribution of six vegetation classes in six grey levels,

(4) Based on the spectral characteristics expressed in terms of dark ond
light tone pixels in the band 7 computer overstirike printout, it was possible to
delineate and map the distribution of sond dunes, interdune plains and water bodies.
At the same time their distribution area waos quantified and expressed as percentage.

(5) Remote sensing technigues have been of great value in the monitoring
of desertification. Based on the tonal and textural choracteristics of the Londsat
false colour mosaic, it was possible to assess the development and distribution of
sand-free and sand-aoffected areas, as well as to improve our knowledge of the probable
desert spread,

(6) The study of the bond 5 black and white scenes (1:;250 000) led to the
identification, delineation and mapping of desertification processes, such as wind
deposition and deflotion, woter erosion, notural and mon-induced salinity hozards.

(7) The band 5 computer overstrike printout map of one of the sub-scenes

helped to assess the vulnerability of the given region to desertification, and to
delineate and estimate its area.

3.1 Reference for section 3

Shankarnarayan, K. A., S. Singh: Application of Landsat data for natural rescurce
inventory and monitoring of desertificotion. A report prepared while in
training ot: Visiting International Scientist Program (VISP), Remote
Sensing Institute, South Dokota Stote University, Brookings, South Dakota
57007, October 1979,
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4, APPLICATION OF SATELLITE IMAGERY TO THE STUDY OF DESERT AREAS*

Lately there has been growing application of satellite dota in natural
resource studies using the data collected by the Soviet "Meteor" satellites, "Salyut"
orbital stations and "Soyuz" spaceships, as well as by the American "Tiros", "Nimbus"
ond "Landsat" sotellites (7, 8, 9, 11),

Satellite imagery has o role to play in the monitoring system, and that is
to detect changes occurring in the natural conditions over the study area, If these
changes are followed by variations in the optical properties of the earth surface
features, and the area size exceeds the spatial resolution threshold of the system
applied, the changes may be recognized from the imageries. Depending on the rate of
the processes toking place the data must be token at different intervals.

To obtain imagery with high information content the season must be taken
into account as well as the choice of appropriate technical parameters of the survey
equipment. The parometers considered are spectral bands, the detector type and
sensitivity, etc. Since the detector responds to the earth-reflected solar radiation
or radiation emitted by an object, for the technical parameters and natural conditions
of remote sensing to be chosen properly, the reflecting properties of the objects
surveyed and these properties' temporal and spatial dynamics should be known.

Based on the study of reflectivity and phenology of major scenes of
Turkmenistan, several phenological indicators have been proposed for cero-space
surveys. These phenoindicators make it possible to determine the commencement and
termination dates of the survey periods. Table 18 shows the principal indicators to
be used for the establishment of the survey dates in any single year,

Due to considerable year-to-year variability of phytophenological phenomena
(ranging up to 10 doys and more) under the desert conditions, it is rather difficult
to plan the satellite survey dotes well in advance, several months prior to the survey
sommencement. The authors propose regular times for the satellite survey to be carried
out in any year. The survey period commencement and termination dates have been
established with due regard for the year-to-year variability, and presented in Table
19. It is recommended that Table 19 should be used for the early planning of survey
times. In case agrometeorological forecasts are available, these times may be adjusted
with allowance for the occurrence of the corresponding stoges of the indicotor plants
presented below.

The sun altitude is of considerable significance for the image quality in
remote sensing. When the sun is low the image information content is higher in the
imagery of even terrain, In foirly unbroken relief, low-sun images of sandy deserts
are more readily interpreted due to the prevailing 10-25° angles of inclination., The
angle of repose for sand is 32°. Under the sandy desert conditions it is advisable
to carry out aerial photogrophy with the sun elevation range of from 10 to 200, and
satellite survey w}th o range of from 20°to 30°. For hilly country the optimum ele-
vation range is 20 to 30° {for cerial and satellite survey) and for highlands it is

30" to 40°.

*Summary of a paper by Kharin N. G., Radziminsky P.Z., Kurbanmuradov K,,
Kiriltseva A.A., "[[poGneMs OCBOGHNS IYCTHHB", No. 4, 1980,
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Table 20 shows technical parameters and natural conditions for cero-space
surveys conducted with the purpose of solving some problems characteristic of deserts,
It is based on numerous studies of the desert zones' reflectance and published sources
(1, 4, 10). Apart from the optimum times for the satellite surveys and the sun
elevation, the table also shows the survey periodicity requirements (for solution of
certain problems), spectral bands, the sensor sensitivity requirements and the
image's spatial resolution. The survey periodicity must be decided upon depending on
the life time of the object or event studied.

Table 18 - Phenocindicators of the commencement and termination of
satellite survey periods

Geographical S Phenoindicotors
region eason
Commencement Termination
The Karokum Spring Start of growing of Drying of Carex
Haloxylon persicum physodes
(10 days after the
phase's start)
Autumn Ageing of fruits of Seed shedding of
Haloxylon persicum Haloxylon persicum
Hill country Spring Start of blossoming Drying of Carex
Badkhyz of Remeria sp. and pachystilis
ephemers
Spring Soft dough stage of Full maturity of
Hordeum sp. wheat
Cultivated Autumnh Opening of cotton Start of leaf-full of
landscapes bolls Armeniaca vulgaris
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Table 19 - Regular periods for satellite survey of Turkmenistan territory

&

Geographical region

Optimum period for survey

Commencement Termination Length

Sovth-east Karakum 20 March 20 April 32 days
20 September 30 October 40 days

Central and Zaunguz 1 April 25 April 25 days
Karakum 1 October 10 November 40 days
Badkhyz hill country 5 April 25 April 20 days
Cultural londscapes 15 May 30 May 15 days
1 QOctober 30 October 30 days
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The surveying equipment sensitivity is determined by the equipment capa-
bility to record the minimum rodiation or its variations. The table shows the minimum
valves and variations of BSC of notural objects which are to be recorded by the detec-
tor.

First of all one should emphasize the significance of satellite dato for
the desert zone scene research, Based on the imagery of pleins ond lower highlands
the scene structures are interpreted, ranging from natural landmarks to physiographic
regions and provinces. This makes it possible to carry out interpretation at the
scene genus level and sometimes detailed to the scene facies. The above-mentioned
sotellite data distinctions render the imagery indispensable when carrying on variocus
applied geography research works,

The photographic image pattern in the satellite dato is plotted as a result
of the integrated image of scene components having different spectral brightness,
The greater the difference in picture element (pixel) brightness, the greoter the
contrast of the imagery (for instance, in the image of a cultivated landscape).

The following charocteristic image patterns may be recognized in the satel-
lite imagery:

s Cultivated landscape with sharp toncl veriations of wet and dry fields,
irrigation channels, roads and other features; '

* Complex of ridges ond takyrs is sharply discriminoted due to the darker
sand ridges and lighter tokyr stripes;

* Light spots in the vicinity of wells (South-east Kerckum);
e Low contrast spots of the sondy desert (Central Karokum);

* Charocteristic sand and gypsum desert relief (Zaunguz Karckum, etc.).

During revision of thematic maps compiled from satellite imagery the follow-
ing problems can be solved: to improve accuracy of the geogrophic base of the maps
{hydrographic network, water bodies, coastal lines of seas, etc.); to read special
information from the maps (borders of plant classifications, land types, ete.}; to
define human activities (pusture overgrazing in the vicinity of wells, forest clear-
ing, etc.); to determine environmental conditions requiring that urgent meosures be
taken (water reservoir contomination, presence of active sand masses, etc.).

Physiogrophic interpretation of satellite imagery is based on studying
pixels whose size depends on spatial resolution and sensitivity of survey detector.
These pixels are able to form a definite pattern of an image, which is to be studied
for the topogrophy configurotion to be identified. It is proctically impossible to
study the small intersected relief of desert areas in sotellite imageries by means
of a stereomodel,

It is to be noted that if the linear strikes of the ceolien relief forms
are well marked (ridges or a relief complex with prevailing ridges}, they are inter-
preted comparatively easily, If the topography is constituted by small craters or
depressions, these forms render their recognition difficult due to their small dim-
ensions,
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The authors have used the satellite data for studying vegetation cover
which forms part of ony photographic image formation. The role of the saotellite
imagery is especially significant for the investigation of vegetation of almest in-
accessible desert areas. It renders the investigation of the composition and structure
of plant communities, complex vegetation pattern and the degree of man-induced effects
more efficient than by other means. Besides multi-purpose geobotanic maps, compiled
on the satellite imagery can be specialized (opplied) maps, in particular pasture
maps.

In moking corrections of the existing pasture mop, the classificotion of
Nechaeva and Nikolaev (2) ond Nikoloev et gl. {3) was used. As is well known, the
problem of pasture resource inventory involves delineation of individual pasture
categories, the area of pasture plots, the species composition of pasture vegetation,
forage reserves and the extent of pastoral farming development over individual types
of pasture. In studying pastures as well as in the inventory of other notural
resources the imoge interpretation is one of the stoages in the system of multi-stage
cognition of regularities of nature.

In the greater part of satellite images the differences between pasture
classes are readily observed, e.g. the sandy desert pastures differ sharply from the
gypsum or clay desert pastures on tokyr soils. In cll coses the river valley pastures
ond hay-cutting oreas are easily distinguished by a complex of features. Further sub-
division of pastures within the classes is more difficult,

In o number of cases pasture overgrazing is reodily distinguished from the
satellite imagery. The study of the Salyut-4 imagery (6) has shown that local patches
of desertification are most characteristic of the vicinity of wells, farms and woter-
ing points, where herds are concentrated. These patches appear as light circular
areas. Patches of desertification are most easily identified in the two regions:
South-east Karakum (south of the Korokum Conal) ond the Tedjen-Murgab Interfluve. It
is to be noted that the mean size of the patches is similar over both regions,
2,16 km and 2,21 km respectively. In the latter of the two regions the potches of
desertification near the wells have been identified from the Soyuz-22 imageries.,

Bond 3 (580-620 nm) and band 4 (640-680 nm) have proved to be the most informative
out of the six spectral bands studied. It should be emphasized that recognized in
these bands with greatest sharpness are boundaries between the pasture oreos and
natural reserves where anthropogenic activities are limited. These territories
oppear as dark grey or dark tone,
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5. APPLICATION OF SATELLITE IMAGERY TO THE STUDY OF DESERT VEGETATION
PHENOLOGY AND EROSIOM PROCESSES*

The most efficient method of plant phenology investigation is the applica-
tion of multispectral satellite imagery permitting the image analysis in separate
spectral bands,

Currently the following major methods of interpretation of satellite imagery
are available (9): visual interpretation with the use of certain instrumentation;
integrated image analysis based on preparing false colour composite prints and using
various instrumentation and visual essessment; automated interpretation with the
assessment of opticol densities of theimage and partiel visual analysis.

In the present investigation Meteor satellite imagery has been used. The
method applied may be referred to as "the monoscopic binocular multiple interpretation
of multispectral imagery". For the investigation of phenology the scenes of the
territory of Turkmen SSR with repetitive coverage over the period of 1976-1978 have
been used. Cloud-free scenes covering the entire area of the Turkmen SSR or its
greater part with the optimum orbit-inclination angle have been selected out of q
great variety of imagery.

Taking inte account the low resolution of Meteor imagery, the study of
plant communities was carried out only at the vegetation type and formation levels
during different seasons,

To this end identified on the scenes were the following communities:
(1) Nitraria schoberi; (2) desert thallogens on tokyr soils; (3) Artemisig kemrudica;
(4) Holoxylon persicum; (5) Haloxylon ammodendron; (6) Calligonum setosum: (7) oasis
vegetation; (8) Halocnemum strobilaceum; (9) Solsola gemmascens; (10) Artemisia
bandnusi ond (11) Salsola richteri.

Negatives were viewed under the interpretoscope using the grey scale, The
following grey tone runges were visually studied: (I) light; (II) very light grey;
(III) light grey; (IV) grey; (V) slightly dark grey; (VI} dark grey and (VII} dark,

As the negatives are studied, one should beor in mind that the natural
objects with the least spectral brightness appear in the imagery as the lightest tone,
and the natural objects with the greatest spectral brightness appear as dark tone,
whereas in the contact prints the reverse relation is observed.

In every version of the survey the image tone was used to identify the
objects. Based on the results of such interpretation the optical density histograms
were plotted and Toble 21 was constructed. Table 21 shows sets of objects grouped in
accordance with the image tone which is the same for each set. The Roman figures
I-VII represent the cbove-mentioned grey-tone ranges and the Arabic figures 1-11
stand for the above plant communities. The number of sets identified is o measure
of the image contrast. The greater the number of sets, the better information proper-
ties the image has. The greatest number of sets out of all the imagery onalysed wos
recognized in the scenes obtained in May 1976, 1In these the 0.8-1,0mm band was the
most informative with six sets of objects easily identified by contrast.

*Summary of papers by Kiriltseva A, A, ond Serkhenov E, published in
"lIpoGnenr oCBOBHMA RYCTHHB", it 4, LS80
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The following analysis was carried out to determine the feosibility of

identifying eoch plant community on the background of the other ones.
community was compared with the other ones by the image tone.

Every plant

Eleven formations were

analysed, which resulted in 55 combinotions with two formations in every one, The
higher the combination percentage that would be recognized by the imoge tone, the

higher the information content of the scenes,
sented in Table 22,
differences aore registered.

in other seasons,

The results of this analysis are pre-
It shows the percentage of the pair combinations where image tone
OQut of the four spectral bands used for data collection
in the satellite survey the 0.8-1,0Mm band is most informative in the spring season
while the 0.6-0.7 and 0.7-0.8 mm bands

Table 21 - Sets of objects hoving the some image tone in the meteor imagery

Eg::r:;: Spectrol bands, Mm
of the
scene 0.5-0.6 0.6-0.7 0.7-0.8 0.9-1.0
26.5.1976 I -1,3,5,6,10 IT -3,4,5,7 IT -4,5,7 I1 -5,7
I111-7,11 Iv -6,10,11 Iv -3,6,10,11 I11-3
v -2,4,8 v -1 vV -1 Iv -1,6,11
vl -2,8 VI -2,8 vV -4,10
VII-.11 VII-9 VII-9
26,8.1976 IT -7 11 -7 I11-7 I .7
Iv -3,4,5,6,10,11 I1v -4,5,6,10,11 Iv -4,5,6,11 Iv -4,5,6,11
vy -1,8,9 v. -1,3,8,9 v -2,8,9,10 v -1,3,10
VI -2 VI -2 VII-1,2 vl -2,8,9

&
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Table 22 - Assessment of interpretation properties of the Meteor satellite imagery
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Number {first figure) and percentage (second figure) of pair
combinations differing by visuvol contrast

Date of

the scene 0.5-0.6mm 0.6-0.7mm 0.7-0,8 mm 0.8-1.0 Mm
26, 5.1976 56,/82 55/82 55/82 54/88
27. 8.1976 55/66 55/71 54/79 54/79

5. 9.1976 - 36/69 30/80 28/82
13, 4.1977 9,/88 10/80 12/92 12/92
16. 6.1977 51/72 55/12 - 55,12
11, 8.1977 - 55/12 - 55/12
26, 9.1977 55/67 55/67 52/32 51/11
25,12.1977 21/81 20/70 20/70 20/35
20. 3.1978 20/50 - - 21/29
29, 7.1978 44/64 20,/50 - 54/57

5.10.1978 - 43/55 55/34 56/35

&




> 6 9

- 137 -

6. USE OF SATELLITE INFORMATION TO ASSESS DESERT PASTURELAND YIELDS IN
REMOTE AREAS OF CENTRAL ASIA AND KAZAKHSTAN*

The large-scale application of the aerial photometric technique for the
determination of the state and productivity of desert pasture vegetation and crops
permits the use of space-based data obtained from the Meteor earth satellites.

The Meteor data with ground resolution of 0.3-2.0 km allow the state of
pasture vegetation over large areos to be operationally evaluated to an adequate
accuracy, saving considerable amount of labour and is thus economically advantogeous,

To use the photometric technique in space surveys, o set of additional
ground-truth and airborne measurements is required, involving subsatellite acerial
experiments, plotting of calibration curves, etec,

Direct use of the photometric technique to determine plant cover parameters
from space is complicated by atmospheric effects, anisotropy of reflecting properties
of terrestrial objects aus well as by different sun altitudes in different points of
the area surveyed,

To eliminate atmospheric effects, subsatellite reference calibration is
used, This consists of the establishment of q relationship between the satellite
signal corresponding to brightness values of reference objects and their brightness
coefficients, and extending this relationship to the whole photographed area. Such
a signal can be converted into the image which is recorded on film, or into digital
form to be recorded on magnetic tape.

In the first case, o relationship is established between optical density or
transparency of the imagery of reference plots and their brightness coefficients and
in the second case, between the digitol value of object/atmosphere brightness and
brightness coefficient of the object,

To determine the state and productivity of pasture vegetation, the results
of satellite surveys obtained on clear days with stoble otmospheric conditions over
the area concerned are used. Atmospheric conditions over the investigoted area are
evaluated from the results of the analyses of synoptic charts,

For operational purposes, satellite information converted into the image
and recorded on film can be used as well os that converted into digitol form and
stored on magnetic tape.

When using satellite data recorded on photographic film, processing con-
sists in photometric measurement, i.e. measurement of optical density or transmission
of the image of the working ared only (Figure 10}, Prior to the photometric
measurement, the image of the working area in o satellite photograph is broken up
into elements (Figure 11). For pictures having a ground resolution of 1-3 km, the
size of elements should corréspond to a squore with a side of 30-50 km in the field.
Breaking up into elements is maode with the help of a measuring grid which is o net of
meshes representing equivalent areas in the field taking into account the scale
distortion due to the curvature of the Earth.

*Summary of papers by V. I, Rachkulik and M. V. Sitnikova (Gidrometeoizdat, 1980).
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Figure 10 Figure 11

Figure 10 - The image of the Kyzylkum Desert obtained on 7 May 1975,
Figure 11 - The image of the Kyzylkum Desert with the transforming grid,

Photometric measurement is made on microphotometers (MF-2, MF-4, IF0-51,
AMF-51, etc.). The diaphragm of a microphotometer is adjusted so that one mesh of a
grid fallswithin the photometer's field of view. All the meshes embracing the working
area are photometered, If the brightness coefficient ratio approach is used, pictures
obtoined in two regions of the spectrum are subjected to photometric measurement,
namely 600-690 nm and 750-1100 nm, If, however, the brightness coefficient approach
is used, only the picture obtained in the red band is used (600-690 nm}.

Obtained as the result of photometric measurement, transparency volues in
each mesh (in relative units) are transferred to o geogrophical map of 1:1 000 00O
scale which is broken up into squares corresponding to grid meshes.

When using information converted into digital form and recorded on magnetic
tape, the data are put into the computer where geographical referencing is made. The
results are output in the form of charts. The input data set is broken up into ele-
ments corresponding to sgquares with a side of 30-50 km in the field.

Some part of the squares is assumed as a reference for which brightness co-
efficients are determined on the ground-truth basis., To estaoblish o relioble relation-
ship between brightness coefficients of reference plots and magnitude of signal corres-
ponding to the object's brightness, the number of squares must be ot least 20. The
totol area of this gquantity of reference plots 30 x 30 km in size makes up about 5 per
cent of the area recommended to be investigated (500 x 700 km).

In choosing reference plots, the following principles should be observed:

e Plots must be as close to each other as possible. Maximum distence between
plots is chosen so that the dlfference between sun altitudes at the

extreme plots should not exceed 3°. From this point of view, plots in

a 100 x 500 km belt siretched clong the width are advantageous;

e Brightness coefficients of reference plots in working spectral bands
should cover the whole range in which brightness coefficients of the rest
of squares over the investigoted area may be found., A possible range of
brightness coefficients over the investigoted area is established from
the results of the pilot aerial surveys.
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Brightness coefficients are determined with the help of on oircraft at sun
altitudes higher than 40°, Measurement at such altitudes allows the dependence of the
desert's brightness coefficient on sun altitude to be neglected. The region of the
spectral sensitivity of airborne photometers should be within the spectral bonds in
which the satellite survey is made,

Experience shows that in the peried of maximum accumulation of vegetative moss
when the yield of pasture vegetation is normally determined, the desert's brightness co-
efficients in the absence of precipitation vary so little in time thot they may be held
invariable during 5-7 doys without large errors. Therefore, girborne measurements of
brightness coefficients of reference plots need not be mode the same day the spoce
survey is made. This facilitotes considerably the process of subsatellite calibration
for in practice it is often difficult to combine aerial ond sotellite surveys simul-
taneously.

The above-mentioned circumstance ollows several satellite pictures to be
calibroted from the results of one survey, Since the size of reference plots is large,
brightness coefficients are not determined over their entire area. . Colculations
demonstrate that the brightness ecoeffigient of o desert sauvare can be determined to a
reasonoble accuracy from the results of measurements over an area representing 6-8 per
cent of the totol square.

Thus, on a 100 x 500 km strip it is sufficient to lay four or five routes
with the total length of 2-3 0G0 km. :

With regaord for the limitation in sun altitudes, such a job using the II-14
ogircraft can be done in two or three days, It should be noteg that the determination
of the brightness coefficient over the whole area (500-700 km“) would take about 15
days., Brightness coefficients of reference squares are determined as on average of the
results of measurements along the routes involved in o given square. After bright-
ness coefficients of reference desert plots have been determined the groph of the
relationship between transparency velues of the imoge of the reference desert plots
and values of their brightness coefficients is plotted.

When using the brightness coefficient ratio approach the relationship is
developed for two spectral ranges placed in the 600-490 nm and 750-1100 nm bonds, If
the brightness coefficient approach is used the relationship is developed only for
the spectral ronge placed in the 600-6%0 nm band.

Figure 12 illustrates the relationship between brightness coefficients of
reference plots in the Kyzylkum Desert in the 600-690 nm spectral band and the trans-
parency of their imagery obtained in the 500-700 nm band. Based on such o relationship,
brightness coefficients for the rest of the desert squares that were not involved in the
reference strip are determined. For squares containing objects not related to
pastures such as water surface, mountains, oases, etc., brightness coefficients are
not determined. When using the brightness coefficient approach, the brightness co-
efficients of desert squores cbtained lead to the some illuminecnce.

The accuracy of the determination of vegetotive mass depends on the accurocy
of determining the brightness cocfficient of soil under plants. Therefore, for
satellite date to be used, preparatory work on the determination of soil's brightness
coefficients is necessary.
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Figure 12 - The relotionship between the transparency (P) of
the imoge of reference strip sites and their
brightness coefficients (K).

Because of the global coverage and low resclution of satellite surveys,
there is no need to estoblish soil's brightness coefficients in smoll plots as is
done in the case of ground-truth and airborhe measurements, In this particular case,
it is sufficient to restrict oneself to overage brightness coefficients of basic soil
massifs located in the photographed area, To that end, on the basis of a soil map,
massifs with moin soil types are singled out in desert pastures thot are represento-
tive of the investigated area and for the mossifs singled out, spectral brightness co-
efficients of soils ore determined in working spectral bands.

Experience suggests that spectral brightness coefficients of soil on sandy
pastures con be determined from an aircraft or helicopter. In this cose, plots of
sandy soil devoid of vegetation ond representative of o given soil massif are selected.
In order to moke gir-based selection of plots easier and to eliminate atmospheric
effects on the results of measurements flight altitude should be 100-200 m.

For pastures on sierozems ond tokyr soils, most frequently, one cannot manage
to select plots stretched enough, devoid of vegetation, ond representotive of each
so0il mossif. Therefore, brightness coefficients of these soils are determined by
ground-based techniques.,

Helicopters and airplanes ore also used to establish the limits of soil
mossifs in the field., Airborne ond ground-truth measurements are mode ot sun alti-
. o
tudes higher than 307,

From brightness coefficient volues for desert squares, the yield of desert
pasture vegetation in each square is determined by colibration curves (Figure 13a).
In the determination of vegetotive moss in squares, the calibration curve that
corresponds to the soil brightness coefficient in a given square is used. The latter
is determined from the location of the image of the square on a seoil map,

When using the brightness coefficient ratio approach for each square, bright-
ness coefficients in two spectral bands are initially determined and then their ratio
is derived, The amount of vegetative mass is determined from the appropriate calibro-
tion curve plotted for the ratio of brightness coefficients (Figure 13b).

The obtoined values of vegetative maoss yields are put into corresponding
squares on the 131 000 000 soil vegetotion map (Figure 14),

& /9
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The developed technique allows maps of the detuiled distribution of desert
pasture vegetation yields over an area of 30-50 million hectares to be obtaoined in
two or three days., Comparison tests indicated that the difference between yield values
obtained by the developed technigue and the existing oirborne technique was not beyond
the 10 per cent limits,
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7. CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER STUDY AND MONITORING OF
AGROMETEOROLOGICAL ASPECTS OF LAND MANAGEMENT IN ARID AND SEMI-ARID AREAS*

It has become possible, using processed climatic and agroclimatic data and
information on woter distribution and use, vegetation, cattle and wildlife, farm
technology and population figures in conjunction wi*h an assessment of social,
economic and politicol conditions, to outline the overall ecological problems caused
by desertification and to develop methods for preventing and combating desertification
processes,

It should be stressed that on intensive, comprehensive study of the above-
mentioned factors should be based on local information about the nature of, and
interrelotions between,the various resources in specific regions ond countries.

The latter conclusion derives from the frequently observed impossibility of
using general knowledge of specific local conditions, not because of the irrelevance
of the study from which they derive, but usually because of the insufficiency or
deloy, especiolly of knowledge of lecal social, economic and political conditions.

Despite the insufficiency of the available basic information on arid and
semi-arid ecosystems and desertification, substantial progress has nevertheless been
made. Thus, from o first approximation based on numerous studies, it is possible to
moke a number of specific recommendations aimed at halting and in some cases reversing
the desertification process. Below is a summary of the recommendations to be followed
to achieve optimal use of meteorological, climatic and agrometeorological information
ond maximum control of farm production,

Measures to combat desertification

1. _ Optimal use of meteorological, climatic and agrometeorological information

(A) Development of o service to reduce and combat the influence of weather and
climote in arid and semi-orid areas with desertificaotion problems.

At national level, it is recommended to create or strengthen o committee
composed of representatives of the scientific and technical organizations with o view
to interpret, ossess, implement and generate scientific aond technological knowledge,
through operational projects and associated investigations,

In order to increase the efficiency of meteorological, climatological and
agrometeorological work, it is recommended to tcke the following steps:

(a) Datg collection and processing

s Creotion or exponsion of an internal group to define tasks;

s Creation or expansion of a meteorological and agrometeorological
station network to collect basic data;

e Creation or expansion of a dota bank to permit collection, pro-
cessing, analysis and assessment of basic dato;

¢ Stondardization of observing instruments for the sake of data
compatibility,

*Section prepared by M. Gobarotos (Argentina) and I, G, Gringof (USSR)
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(b) Resgarch
* Observation and continuous assessment of meteorological, climato-
logical and agrometeorological conditions concerning the use of arid

and semi-arid regions subject to desertification]

* Study of rare climatic events (droughts, strong wind, etc.), toking
into account their probabilistic nature, and development of measures
for their prediction and controls

¢ Production of climatic and agrometeorological maps, mathematical
models, statistics ond periodical probobility tables;

* Research on weather modification,
¢ Testing of methods of calculating the water balance;

» Development of technical means for compiling weather forecasts which
are typical for ¢ given region;

» Use of sotellite datay

Study of micro-meteorolegical desertification processesy

Improvement of climatic data and information from sources such as
remote sensing, which are needed for improving land management in
these areas;

Agroclimatic zoning of arid ond semi-arid areas subject to desertifica-
tion;

» Study of the influence of meteorological factors on desertification
as well as means to control desertification,

{c) Edycation gnd traoining at professional leve]

e Explanction of the conditions in arid areas and the causes of their
formation and the occurrence of desertificotion; dissemination of
this knowledge amongst the rural populationy

¢ Creation of courses for specialists in the management of arid and
semi-arid land and in desertification, both at technical and university
level *

(d) National and inter-regional activities and co-operation

+ Exchange of information between organizations concerned with arid ond
semi-arid areas subject to desertification;

e Participation in regional and international meetings on the special
problems of these regions;
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s Co-operation between notional and inter-regional organizations con-
cerned with the observation of meteorclogical, climatic, ogrometeoro-
logical and agricultural conditions in arid areas, in order to agree
on and co-ordinate joint action under the general plan to combat
desertification,

2, Maximum use of modern technology and measurements

(A) Development of programmes for surface and upper-air observations and of
oerial and satellite photography to produce data on climate, soils, water distribution,
vegetation, animals and centres of population, in order to moake an assessment of the
biomass, virgin forest, rongelands and cottle, dust-cloud movements, agglomorations

of cottle ond people, the state of watering places, erosion processes, droughts, etc.

(B) Development of computer progrommes for data collection, processing and
analysis in order to improve our knowledge of desertification processes ond to have
a departure point for a continuvous programme of ecological monitoring and contrel of
arid arees, in particular those affected by desertificotion.

3. Maximum control of farm production

(A) Overgrazing

(a) Control and improvement of rangelands

¢ Determination of climatic conditions: type and state of soils and
vegetation; development stages of rangeland and the critical grazing
stage; existing grozing system; reserves of forrage, water and
watering places; grazing rate and field receptance; further studies
on desertification for the purposes of land management ond improve-
ment; ’

s Creation of a permanent reserve of hay to compensate for notural
fodder shortages during droughts; use of second sowings {which
usually come from natural dispersal of the seeds);

¢ Cultivation of high-yield fodder crops svitable for arid conditions
using special sowing techniques, e.g. in strips with added fertilizers
to increase productivity and wind-brecks;

» Destruction of strictly limited number of shrubs and thorn bushes
to eliminate their competition with the pastureland for moisture and
nutrients; the destruction should not be complete, since becouse of
their drought-resistance and trampling around them by animals they
are capable of greatly stablizing the soil, which in turn improves
the genercl state of the pastureland;

s Installation of artificiel watering ploces odopted to the traditional
nomadic cattle grazing in order to minimize potential degradation of
the soil and pasturelaond in areas of overgrazing and trampling,
especially around the natural watering places;
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* Rotational use of pastureland in order to rest and renew the fodder
grasses and enable them to grow, particularly in the moist periods
when they develop well; in other words, measures preventing ronge-
land exhaustion,

¢ Reduction of the number of grazing animals, depending on the number
which con be supported by a given area of pastureland, remembering
that it is easier to renew cattle than to renew the soil and pasture-
land ofter their discppearance or degradation.

Salinizotion

(a) Control ond lond improvement

» If the soil is not saline, check that the irrigation water does not
contain salts, especially those of sodium, and irrigate the land
frequently and in small doses in order to slow down evaporation; it
is particulorly dangerous to increase the concentration of dissolved
salts in the rooting zone and raise the level of the groundwater if
the water has o high salt content;

* Saline, well-drained earth can be used if a natural or artificial
drainage system is set up and frequent, intensive flushing is done
with salt-free water}

* It should be borne in mind that, during irrigation of saline and
saline-alkaline soils, an increase in alkalinity may occur. In
order to avoid this, the soil should first be tilled with gypsum or
sulphur which converts the harmful bicarbonotes and carbonates of
sodium into the neutral sodium sulphate which can be removed by
wash-outy

* In areas which are subject to salinization, crops should be chosen
or new strains of grasses should be made which are able to withstand
salt in the soil, e.g. lucerne, sorghum, barley and clover.

Tree felling

(a} Control policy

Study of standard felling rates ond the means for preserving or re-
newing the forest (bush) cover in order to develop or improve the
control system,

Litter burning in rangelands

(a) Control system

Experiments on litter-burning in pastureland in order to obtain in-
formation on its effects on the vegetation itself, the soil, animals
and socio-economic conditions of the region and thus determine a
system for controlling or improving it,
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(E) Erosion and dune formation
{a) a i improv 1

* Study of the state of the soils in order to improve their wind-
resistance; creation of soil-protection strips or continuous plant
cover; tilling of the land with appropriate means and methods using
inert materials, e.g. by leaving the stubble, thus reducing wind
erosion;

* Study of the effect of wind (direction, speed) and precipitation
(distribution, intensity, duration, frequency) on erosion and the
conservation of soil moisture;

* Instollotion of wind-brecks or planting of trees in strips or ot a
certain distance from each other at right angles to the prevailing
wind direction:

* Crop rotation in order to keep the soil almost always covered with
vegetation ond thus prevent removol by the wind;

» Development of methods for tilling the soil which leave it in com—
pacted lumps thus avoiding the use of an inverter which leaves the
soil bare; '

¢ Stabilization of soil subject to erosion immediately after sowing,
e.d. by using a non-plant mulch (cellulose tissuve) or organic and
non-organic liquids which form on erosion-resistant film (aqueous
emulsion of petroleum-based resins);

¢ Limitation of grazing and overgrazing;

* Organization of plowing and sowing only at favourable times;

» Felling of forests only as an exception and under strict controly
* Litter-burning as an exception and under strict control.

(b) Manogement and improvement of lgnd subject to_water erosion

* Proper consideration of factors influencing this type of erosion,
(e.g. driving rain, relief, soils, vegetation) and methods for
combating wind erosion;

¢ Ploughing in o direction perpendicular to slopes which are subject
to erosion}

* Planting of crops in strips perpendicular to the slope, with pro-
tected edges and terraces,

(c¢) Management and improvement af lond with moving dunes (barkhans)

* Studies of dunes in order to clarify knowledge of their formation,
topography, stratification ond the physico-chemical composition of
the sands;
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* Development of sand stabilization, e.g. with protective planks or
dry bushes; soil stabilization, e.g. by planting species which are
suitable for these conditions with an extensive root system at the
surfoce and flexible, fairly thin stalks in order thot they do not
corry much sand above them such as Amnophila arenoria, and which
ore also useful. Such examples are: Acacia cyanophylla, Eucaliptus
camaldulensis, Pinus pinaster, Holoxyn aphyllum, Haloxylon persicum,
Salsolo richteri, Ammodendron cenollyi, Aristido karelini, Aristida
pennata; stroins of the species Artemisia, Kochia, Aelenig; semi-
shrubs of the type Astragalus, Mausoleo, etc.

Monitoring ond improvement of socio-economic, peliticol ond culturgl
factors

* Locotion of arid ond semi-arid oreas with desertification problems;
determination within them of suitaoble areas (from the socio-economic,
political and culturol point of view) for creating or improving on
infrastructure to enable the local population to use the resources
more fully and rqtionullyi

¢ Populotion studies in grid regions in arder to moke a comprehensive
onalysis of socio-economic, political and cultural factors in par-
ticular situations aond determine the role of these factors for each

regioni

* Encouragement of direct participotion by the population of the studied
oreas in development programmes and implementation of measures adopted;

» Gradual narrowing of the differences between scientific and technical
progress, on the one hand, and ignorance of it, on the other, in order
to understand ond use scientific and technical achievements effectively)

Limitation of overpopulation in relation to the potenticl resources
ond existing technology by repopulating areas with mony resources or
areas which are generally unused,

« Effective approach towards the purchase of land, water and technology
by providing credit with reasonable interest and repayment deodlines, -
depending on the socio-legal standords and regulations adopted in the
particular country:

e Promotion of the construction of housing aond work buildings which are
suitoble from the humon and climotic points of view

2

s Provision of health care and education of fomilies in arid regions;

# Use of the experience of more advanced countries {e.g. the U,5.5.R,)
which have achieved considerable success in the rational use of
naturol resources in arid ond semi-arid areas ond which are solving
more fully the socio-economic problems of the populations in
these areas.
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