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1. - DUTIES AND RESPONSABILITIES

1. Participate in the research activities af CPATSAre1ating
ta the areas af metearalagy, climata1agy, agrac1imata1agy,

and biac1imata1agy, callabarating specifica11y in the
e1abaratian af made1s and simu1atian.

2. Callaba~ate in the agraecalagical classificatian.af the

semi-arid trapics in relatian ta the principal praductian
systerns af Nartheastern Brazi1.

3. Ca11abarate in th.e camparisan af ch.aracterization methods

af the space-time standards af rainfa11 distribution in
the semi-arid trapics.

4. Participate Ln the act:tv!ties cancerning spacial t.e.Le+

detectian ta canstruct mode.Lsta predi.ct the phena1agical
states af the princ:tpal craps af the region using

enviranrnenta1 paramete.rs and sate.ll! te images-.

5.. Give aemd.nars ta th.e CPATSAstaff on me.thodoLoqí ea of

madelizat:ton appl:ted particularly to agroclimatology ..

6. Adv:Lse.thecenter on ontaining and process-:tng

meteorological and clilnatologlcal data af tfie semi....ari.d

trapics ..

7.. To prepare. techni.calreports accordi.ng to the

requi.rements-of therI:CA/EMl1RAPA"":WorldBan.kContract and
. -

th.e needs of the CPATSAlIead..

ffowever, on jOinlngatCPATSA. O?etrol:tnal I was aake.d by the.
- . _.

Ch.Le.f(pr .. Antone José SimBeál to de.ve.Lopa sys-tem of crops/

cropping pattern along with tlieTr associ.ated r:tsk levels to
suggest the.Banks:- to provd.de. loans: to the f a.rme.r-s- to iinprove. the

agri.cu1tura1 production over tne Northeas-t Brazi.l under rainfed

condí.t.fon.. l:::narder to achi.eve tnis goal r was-asked to prepare

necessary projects:- and submit to EMBRAPAfor appraval for
necess-ary funds.. Accordingly f:trst I div:tded th.is aspect into
three Iil:oad areas of w.ork, namely:

,
1.. Development, of data Bank
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2. Field experimentation
3. Compute r based simulations
These are presented in five projectsl, namely:
1. Agrometeorological data collection
2. Agroclimatological data collection
3. Agroclimatic classification studies
4. Soil water balance modelling studies
5. Crop-weather modelling studies
1 & 2 cove.r the "Development of data Bank."~ part of 4' & 5

cover IIField experimentation" and 3 and part of 4'& 5 cover
computer based simulations. These also cover most of the points
under 'duties and responsabilit1es' except the 4th item. However,
this item is not of much relevance to the Northeast Brazil at
this stage. The broad area under computer based simulation is
scheõuled under four phases, namely:

Phase-I

Phase-II

1

... Sub:···divisi.onof the Nortbeast B::cazi.li.nto broad
zones af di.ffe.rentproduction systems that have
different mecnanisms and li.mi.tingfactors li.ke
arid, semf+ar Ld, sub+humí.d and humí.d zone s , The
semi:-arid zone constitute the target region of
my further 5tudy as' i t repres-ents the main
rai.nfed dryland agri.culture. Bel t (Reiddy 19.83al
CProje.ct 3 coverthis aspectI;

.
4. Ch_aracteriza tion of tlie.broildzonas using

1ll0ntfilyprecipitati.on for a period of lS.•..·years
or more for wide ne.t, workof stations (J?roject 3

c'cover th.is aspectl; .

.
4. Thes-e nurnbers re.fer to number under 'Lis-t of pub.Ld.catí.ona'

indicated in section 5.
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Phase-III: Defining the cropping patterns and water & land

management practices along with the risk levels
of each system in each of the homogeneous zones

identified in phase-II using selected stations

daily precipitation data for a period of 52-years

or more. As the handling of daily precipitation
for all the locations is too time consuming,

phase-II is introduced to reduce this task
(P'roj ect. 3 cover this aspect) i

Phase-IV: ldentification o f crops and varieti.es and define

their productive levels under each of the

homogeneous zones identified in phase-II using

the same data set, that Ls õeing used Ln ph.ase-III
through simulation of "c.rop-weathe r+ao í.Ln models

(projects 4' & 5 cover thi.s aspect).

A 'documentl ori these projects i.5 prepared and submi.tted to

the Technical Chief of CPATSAfor approval, who s'uggested Ln

turn to present: these óefore a commi.ttee.. Accordingly on 7

January 1983 th.ese projects were presented and were approved. The
first four projects were included under PNP~.Q27and th..e fiftb

project was: included under PNP.•.·D.3D..Next few pages present the.

progress made in the .above merrt í.oned activi.t:t.es during 10. Octo.Ber

1982 to 26 January 1984. The a5:s.is·tance or cooperatíon rece.ived

from di.fferent pe.nsons are acknowledged at approprí.ate places tn

the. texto

.. 2 •.- DEVELQPMENT OE' DATABANK.

The mos.t; important parameters: th..at are of importance for the
agroclimatí.c study az e.e

•. Precipi.tation

•. Potential evapc>transpiration/open pan e.vaporation
.. Global solar radiation
•. Temperature tmaximum& minimum)
• Relative h.umidity. '
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Precipitation and potential evapotranspirationjopen pan
evaporation are me bNoprimary inputs into the water budgeting, as
the former represents the avai1able water and the 1attpr
represents the atmospheric water need. Temperature and relative
humidity affect both crop growth and deve10pment whi1e radiation
affects the crop growth. The former is being recorded at many
locations over the Northeast Brazi1 whi1e the others are
avai1ab1e for sparce net work of stations and hence need to be
estimated through indirect means.

Since the va1idi ty of agroc1i.mato1ogica1 researchwi11 1arge1y depend
on the qua1ity and standardization of information, it is
important to check and correct the data series before they are
actua11y used in the ana1ysis. The deve10pment of data bank for
the above five parameters invo1ve the fo1lowing steps:

1. Acquisition of data from meteorological Insti tutions;
2. Checking for the quality and standardization oi

meteorological data particularly precipitation
3. Identi fication andjor development of suitable methods for

the generation of data, both Ln time and space.

2.1- Acquisi:tion of datafrom meteorologi:cal Tnstitutions;

SUDENE (Recife) provided the rr.onthlyprecipitati.on data* for
individual ye az s for all the available locations (99.1.~Fig. L)
over me northeast Brazi12• Figure 2 depi.cts the s-patial
distribution of mean annual rainfall over northeast Brazi12• ln
drawing the isolines 991 locations (Fig. 1) data were used. The
monthly open pan evaporation data were available through a
publication (Brasil. SUDENE, 1974) for aDout 24 locations over
the northeast Brazil and the monthly average global solar
radiation data were avai1able through a publication (Vieira et aL
1981) for about 45 locations over the northeast Brazil_ Dai1y
meteoro1ogical data were available for Bebedouro and Mandacaru the two

*Ma1aquias da Silva Amorim Neto (Agrometeorologist) he Lpe.d in
acquiring this data from SUDEt>J~(Recife).
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Fig. 1 List of precipitation net work over northeast Brazil
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Fig. 2 Mean annual precipitation distribution over northeast Brazil.
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research centers of CPATSA (Petrolina).

2.2- Checking forthe qualityandstandardiza:tionof precipitation
data:

Before the precipitation data are being used in the actual
analysis it is important to check the,data series for homogend..ty. . .

and for trend or cyclic variation. The latter is very important
for the long-term planning or for the development of suitable
agricultural systems for different climatic zones. The former is
more associated with change of observation site or mea.suring
glass or observational errors during a particular period.
preliminaiiy study indicated such possibilities. This study was
attempted using the data of 70-years for 105 lo~ations3.

In order to assess the cyclic variations in the precipitation
series and to homogenize the precipitation regimes of the
Northeast Brazil 70-years annual precipitation data of 105
locationswere subjected to power spectrum analysis*. According
to the cycles that are present in the annual precipitation data,
the Northeast Brazil (excluding Maranhão & Piauí) could be
divided into three homogeneous zones, namely:

Region-I Comprises of regions north.of 4-50S lato i

Comprises of regions between 4-505 to oRegion-II 8-10 Si
and

Region-III Comprises of regions south of 8-1005 lato

rt is evident from the auto-regression analysis (Figs. 3 &
4) in Region-I, the dry period (below average precipitation)
commenced in 1979 may continue upto 1995 with a break for three
years in 1988-1990.The wet period (above average precipitation)
may commence in 1996 and terminate in 2003. Similar patterns are

,.,.

*The necessary program was: prepared and analysi.s was car rí.edout, .

on EMBRAPA (Brasilial compute r system.
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not evident clearly in Regions-II and 111, eventhough Region-II
presenting similar to Region-I • .A later study4 suggests that
Region-III has a different cyclic variation (Fig. 5); i.e. 35-
years above average followed by 35-years below average pattern
with each period having for few years opposite variation. The
above average pattern ended by 1927-29 and commenced the below
average pattern and ended by 1961; anã the above average pattern
commenced in 1962 may terminate in 1996. In the below average
pattern during 1937-51 present near average or above average
pattern. Similarly in the above average pattern during 1977-1990
present near average or below ave.raqe pattern. The reasons for
such differences in RegionrI and 111 may probably õe due to the
mechanisms that give rise the precipitation over these regions.
In the former Region the precipitation is caused mainly due to
local ~convective activity andjor movement of ITCZ (Inter-'
tropical convergence zone) more of a tropical phenomena while', _
in the case of latter region the, precipitation is caused mainly
due to movemeIlt of frontal systems' from sout.h-we st; to norbh-east
(more of middle latitude phenomena) •

These two studies clearly demonstrate. the non .•....homoçe ne í. ty in
the data ae rí.ea of few locations which. nee.d to De either corrected
for homogeneity or to be elimi.nated from the analysis ~

2.3- rdentification 'and/orDevelapl!!ent OfS'ui:table: me:thodsfor
the:'generatiOI1'of dat'a,'both'intimeand~:pa'ce:

,2 ~3.1~: Fote,nt:t:aleVa}?bt'ranspirationjopenpan evaporati:on:

In the literature iliere are a number of models that are
derived and tested over different parts of th.eworld~ However,
there is one big problem in adopting these models as some of the
meteorological parameters such as temperature and relative
humidi.ty need to be standardized as the mode of recarding these
parameters present slightly di,fferent condãt.fons frem those of
other parts af the world. Open pan evaporation (U.S. Class 'A'

w1thout mesn. covarl relates, directly to potenttal
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Fig. 5 spaci4lan9 temporal variation of lO-years moving average as a deviation from averag~
humid period over Bahia State.
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evapotranspiration*is recorded at few locations on1y. This
presen~ 1ess than 5% of the precipitation net work.

Hargreaves (1974) presented potentia1 evapotranspiration
va1ues for about 700 locations over northeast Brazi1 (month1y
averages on1y). For 154 locations these were estimated using
temperature and re1ative humidity and for the rest estimated
through extrap.o1ation using 154 locatíons data. However., on
camparison with observed open pan data over the tiortheast Brazi1
suggest that these present over estimates during rainy season and
under estimates during dry period. These va1ues can be corrected
to match wíth the open pan evaporatíon data using the fo11owing
equation:

PE ~ PE' x K~a,

where Ki = 1 + 0.15 cos ti~~- 3QQ}

u:

PEl = Hargreaves potentia1 evapotranspiration estimates
PE = Potentia1 evapotranspiration
i = 1 to "12 for January to December respectively.

Thi.s.difference may be due to the errors in the input data
sets Ctemperature & relative humidityl and also these data sets
are available for few locatíons and for few recent yea.rs. For the
agroclimati.c ana1ysis PE va1ues are needed for as'many locations
and years as precipitation data are available. Th.erefore, to
achieve this goal the following strategy was- tried and found very
gaod agreement for the entire Brazi15• For this analysis the data
af 31 locations (Fig. 6) presented by Hargreaves (19791 were
used. The two equations that were suggested for computation of
PE are:

l?E' = a + b1 eial + b2 Ciol + b3 lil + b4 CRQ•251·+ bS (R~i251
• •• ( 2)

o.r PEI = a + bl eea) + b2 (RI)

wi.th R I = (R + R.....l/3) 1/3

• •• (3)

*.Potential evapotranspiration = Q·.75 x open pan evaporation
, (without mesh. cove.rl= 0.85 x open pan evaporation

(with mesh coverl
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Fig. 6 Distribution of locations used in the analysis of potential
evapotranspiration over Brazil.
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where: a, bl, b2, b3, b4, bS are regression eoeffieients (See
Tables 1 and 2 for eqs.2 & 3 respeetively)

ia is the latitude in degrees
io is the longitude in degrees
i is the altitude in meters
R is the preeipitation of that month in mm
R_I ip the preeipitation of the previous month~ mm
(PE = PE' x Ki ••• see eq. 1)

Figure 7 presents the eomparison between observed and estimated
values for January to Deeember using the data of entire Brazil.
They present a very elose agreement. This study indieates that
PE is highly eorrelated with preeipitation during summer months
and with latitude during winter months.

When elivation is not an important faetor eq. 3 or when
elivation is also an important faetor eq. 2 eould be used for
the estimation of average PE. For the estimation of individual
yearly values eq. 3 eould be used or average values eould be
estimated using eq. 2 and eorrected using the approach of Reddy
(1979) for individual years as:

PEy = PEn (1 + 0.06 IZnll/3) •.• (4)

where ~ = c' CllI\t + 1/3 L\Rn(-11)
c' = 1 for weekly data; 7 for daily datai 7/30 for

monthly data;
PEn = average potential evapotranspiration
PEy = potential evapotranspiration of year y

6I\t = Rn - ~
Rn = rainfall in year y
R'~ = average rainfalln

+0.06 if Zn is'positive

-0.06 if Zn is negative
Rn(-ll = rainfall for the preceeding period (month or week or

day) •
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TABLE 1. Regression parameters and their significance (using five
independent ve r-íab Les) • Eq. 2

. . . . . RegressionParameters ;#
Meses $

R2a b b b b b5.·1 ..... 2 3· .. 4
-1 271.1 0.886* -.295 -.014 -29.823fr - 0.757Janeiro 2 .28 .. ·.•35 .009 5.83 -

1 278.0 - - -.008 -38.307* - 0.828Fevereiro 2 - - .006 3.39 -..

Março 1 353.2 -1.297* -.338 -.006 -26.257** -21.771*~ 0.816
2 .29 .30 .008 11.20 9.90

**
Abril 1 370.6 .-2.690* -.694* -.031* -33.175* -13.238- 0.842

2 .27 .20 .009 6.69 6.57

Maio 1 296.0 -3.246* -.623* -.028* -7.946** -20.345* 0.893
2 .25 .20 .008 3.91 6.84
1 209.8 1-3.175* -.533* -.014** -10.655* - 0.922Junho 2 .20 .19 .007 2.17 -
1 219.6 1-3.465* -.385** -.017** - -11.823* 0.926Julho 2 .20 .20 .007 - 2.30
1 239.9 r-3.108* -.281 -,.018* -17.859fr - 0.931Agosto 2 •21 .. ·.•19.. .007 2.65 -....

Setembro 1 257.6 1-2.503* -.214 -.019** -16.680** -7.855**~ 0.916
.2. .•24. .27 .•007 6..41 4.02

Out"ubro 1 265.0 1-1.179* - -.026** -10.867 -18.684** 0.739
2 .34 - .010 6.63 8.02· ..

1 240.1 t - - -.027* - -25.245* 0.668Novembro 2 - - .008 - 3.88.

1 256.6 O'~**i - -.012 -29.738* ,- 0.651Dezembro ? .010 4.97
$ . 1 = regression par ame ter 2 = standard errors of regression. ,
~ * = significant at > 99% parameters

** = significant at > 95% J
*** = significant at > 90%

,
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TABLE 2 . Regression parameters and their significance (using
two independent variab1es). Eq. J

· .... ReJression Parameters#Meses $ 2
.... . . · .. a b1 b2 R

- 1 237.1* 0.621** -14.286* 0.,625*Janeiro 2 15 ..1 .32 2.28
1 244.9* - .202 -16.853* 0.715*Fevereiro 2 .14.2 .26 2.07...

Março 1 332.0* -1.873* -26.033* 0.761*
2 .20..1 .29 2.77

Abril 1 253.6* -2.519* -15.382* 0.650*
2 21.9. .35 3.05
1 192.8* -2.954* - 6.576* 0.804*Maio 2. ·.11 •.9 .28 1.81...

Junho 1 173.6* -3.273* -.-4.756* 0.889*
' . 2 ...6.9 •.2.2 1.21. -

1 i82.6* -3.471* - 4.588* 0.898*Julho 2 6.0 .23 1.17
1 207.5* -3.274* - 7.327* 0.902*Agosto 2 6.0 .22 1.34

Setembro 1 227.8* -2.651* -11 ..627* 0.891*
2 7.9 .22 1.89

Outubro 1 237.1* -1.590* -11. 716* 0.670*
2 .12.6 .33 2.58
1 220.0* - .467 -10.758* 0.462'Novembro . 13.42 .35 2.39

DezembDO 1 232.7* .383 -13.420* 0.550"
2 .14.4 .35 2.33

$ 1 = regression parameters; 2 = standard errors of regression

• * = significant at > 99% pararneters
** = significant at > 95%

*** = significant at > 90%
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These equations could be extended to weekly data sets by simple
extrapolation of the coefficients presented in Tables 1 & 2. A
correction is applied based on nurnber of days in a week and
month.

This technique was applied and computed for individual weeks
for about 290 data points each for Bebedouro and Mandacaru. The
comparison is.presented in Fig. 8. This figure indicat~s that
the estimates for Bebedouro and Mandacaru respectively present
slightly over and underestimates. This is primarily because wet
advection at Bebedouro and dry advection at Mandacaru (evident
from relative humidity and wind speed and direction) •

Some of the draw backs of this approach aré:.
(1) With an overcast sky without rain evaporation will be higher
and (2) on a rainy day evaporation will be low. These are not
regular phenomenae. However, the major advantage of this
procedure is it estimates PE as accurately as otb.er sophisticated
methods that exist in the literature using easily available other
climatic parameters; and thereby it over comes the major hurdle
of non-availability of data for agroclimatic analysis .•

Using the. eq ..2 monthly potenti.al evapotrans:piration values*
were computed for 991 locations (Fig. I} of northeast Brazi12'O
Fig'O 9 depicts the spatial distrib.ution of mean annual PE over
northeast Brazil .•

2.3 •.2- Global solar radiat:ton:

Over the noi't.heast, BzazdL i.t 1.5 nei.ng measured at al:xDut 45
Loca t Ions (Vieira et aL ..19.81)•.Thi..snet work constitute less
th.an 5% of precipitation stations. Tnese records- are available ••
only for few recent years als-o, instrumental differe.nces are,

+considerable. Because of thes-e constraints in tll.e past several
scientists used simple empirical models to derive global solar
radiati.on for a wide net work of stations from oth.e.r
meteorologi.cal paremeters (Angs:trom 19.24, Re.ddy 1971, Reddy & Rao
.19.73,Re.ddy et aL, 19771 ~
WA program in basie language was prepared and adopte.d to CPATSA

computer system.
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Fig. 9 Mean annual potential evapotranspiration distribution over
no r th.eaat Br az il .•.
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The basic weakness of empirical forrnulae is that they don't
account for the localized factors that contribute significantly
to the leveI of turbidity that increases or decreases the
proportionate radiation per unit cloud cover. Therefore, it is
very important to test the models before they are actually
applied to any new region. Three models, narnely Reddy (1971);
Reddy et aL, (1977); Angstrom (19241 were tested to understand
their suitabiÍity for the northeast Brazil using the data of 15
locations. In alI the three methods the estimated values exceeded
observed values by 5% in more than 70% of occasions6• Also, the
basic input data for these models are available for few
locations that too for few recent years. Hence, a simple
regression equation that relates global solar radiation to
precipitation and latitude is established. In the derivation of
the equation data of 15 locations were used and for testing the
model the data of 23 locations were used (Fig. 101. The equation
is written as:

where Rt = global solar iiadiation, lyjday
.ta = lati.tude, degrees
R = precipitation, mm

a, bl, b2 = constants (see Table 3) •

Table 4 presents the percent occas Iona t.he devíations are
(observed - estimated using eq , 5) in different ranges for 15

(used Ln the development of eq. 5), 23 (used to test the model)
and total 38 locations Cmonthly values}. In about 78% of

t'

occasions the deviations are less than 10%. The seven locations
that contributed significantly to large deviations are Petrolina,
Maceió, Acarau, Macau, são Gonçalo, Carolina, Monte Santo. This
appears that these large deViations are primarily due to
differences in the instrurnents (uncalibratedl used to record the
data •.This can De clearly seen from Petrolina data CFig. 111 on
comparison with two nearl;Jylocatíons (Mandzecazu & Bel>edouro),
Petrolina present about 10% higher than those at Mandacaru &

,
Bebedouro. Table 5 presents the percent
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Fig. 10 List of locations used ~n the ana1ysis of global solar radiation over
northeast Brazil.
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Tab1e 3.- Regression pararneters and their significance. Eq. 5.

Regress'ion'parameters
R2Months b1 h2a

January 532 15.17 -40.80 0.92

February 608 8.50 -44.44 0.76

March 685 3.70 -44.80 0.92

Apri1 551 -0.50 -23.70 0.54

May 477 - 1.50 -16.91 0.51

June 442 - 2.00 -14.00 0.73

July 444 - 2.00 -12.07 0.61

August 501 - 1.00 -13.20 0.16

S"epternber 523 0.70 -15.004 0.06

October 517 4.70 --20.20 0.34

Novernber 543 10.66 -35.79 0.39

Decernber 510 10.59 -30.07 0.52
........
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Tab1e ~. - Percent o ccas í.ons the deviations under different minimurn
specified 1imits using different mode1s.

Mode1 Percehtoccations' ·thé deví.atí.ons "(D*) 'inthelimi ts

..~. 5. .... 5.. - .. 10. . . . . .~ .10. ~ 2~. . ..? 2.0
-

AnSStrom (1924) 28.3 31. 7 32.8 7.2

Reddy' (1971) 22.8 12.8 16.6 47.8

Feddy et al. 20.8 14.9 33.3 31.0
(1977)

Eq. 5 60.0 21.7 17.8 0.6

Eq. 5 51. 3 24.2 18.3 6.2

Eq. 5 54.7 23.2 18.1 4.0

*
D =

Rtc - RtO
x 100, %, Where Rt = computed

~o c
RtO = observed "

** ío% ~ D < 20%,D ~ 5%, 5% < D < 10%, D ~ 20%

s->
<c
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Rt ~ g!obol solar rodiotion

Rt 1 Bebedouro

Rt 2 Petrolino
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Table 5. - Percent ocoas í.ons the deviations are in di fferent
ranges for different months (Based on 38 locations)

Range .: Percent occations
(%) Jan. Feb. Mar. . Apr... . May. . Jun... . JuL .. Aug. . S.ept. Oct. Nov. De c ,

~ 5 64.9 54.1 55.3 57.9 57.9 57.9 63.2 57.9 55.3 50.0 47.9 44.7

5 - 10 18.9 27.0 23.7 13.2 21.1 28.9 18.4 23.7 21.1 21.1 18.4 26.3

~ 10 16.2 18.9 21.1 28.9 21.1 13.2 18.4 18.4 23.7 35.1 28.9 28.9
-
R2 .92 .76- ~.g-2 .54 .51 .73 .61 .16 .0-6 .34 .39 .52
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occasions the deviations under different ranqes for January to
December. Except in October to December the deviations are < 5%
in nore than 5.Q%of occasí.ons, 'lhe àeviations exeeed 10%in rmre than 30%ocassions

in October while they are less than 20%in March to May &
September ~ December. R2 (square of correlation coefficient)

values are not truely reflecting these deviations. See for

example January to August where R2 = 0.92 & 0.16 respectively
with similar deviations. The R2 values appear to be mor~ related

to the range of values over which this analysis is roade (in
August the range is very small while it is very large in January).

Therefore, in terms of these deviations, this method can

reasonably be adopted to estiroate global solar radiation over
northeast Brazil~ By extrapolating the regression coefficients

in Table 3, this roodel can be extended to week.Ly data. Using thís
model monthly Rt values were. comput.e d for 991 locations (j'ig. 1)

of northeast Brazi12• Ft9 .. 12 depicts the spatial distribution
of annual global solar radiation over northeas·t Braz~l* ...

2__3.3- Teroperature'& ReTati:ve hwni:d:tty:

l;

Over the northeas:t Brazi.1 these pararoeters are he-ing measured

atoSout lsQ locations-. TIUs net work conatitute 1ess than 10%of

precipitation stations-. The standard procedure of recording

temperature and re1ative. huroi.dity are to ke.ep tlie four
thermometers (roaximum,roinimuro, wet' & dry buLh) Ln a sing1e

Ste~vens-on"s screeri and thermograph &haLr hygrograph. Ln a double
(in sizeI Stevenson' s s-creen .. However, over northeast Brazi1,

these s'ix instruments aLonq with piche evaporimeter (which shou1d
De kept in a separate screen) were boused in one hi.g s cr éen and

in turn thís s-creen i.s' housed inside an another bi.g screen ..
Tberehy, the. teroperature and re1at.ive humidity do nor represent

the. true air temperature and relative humidii:.y as free

venti1ation is restricted and tncreased humidity i.n the screen.
Therefore, it is very iroportart- to tes-t õY'sirou1t.aneous

*A program in hasic-1anguage. was pre-pared and adopted to CPATSA
computer systero.
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Fig. 12 Mean annual global solar radiation distribution over
no r the as t Br az í'L,
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measurements using a standard screen and develop a correction
factor. The simultaneous· measurements need to be carriedout at
least 4-5 locations over northeast Brazil under different
climatic regimes. This aspect 'is proposed in project 2. No
progress has be.en made to date on th:is and hence it was not
attempted to develop a method to extrapolate this information
for other locations.

To appraise the scientists of northeast Brazil the above
discussed material is being published in a scientific Journal of
EMBRAPA. Also a seminar was presented to CPATSA Scientists on
these aspects.

3.- SIMULATION

3.1- Division of Iiortheast Brazilinto broadzones:

It i5 seen from Fig. 2 that over northeast Brazil the
precipitation varies between 300 to 2000 mm indicating high
variation in,climatic regimes. Over different parts the
mechanisms and limiting factors for crop productivity are widely
different. It is very important to isolate such distinctive
regions, because th.e mode of research emphasis one should make
are different in different regions ••Therefore, before attempting
to classify the northeast Brazil into agronomically relevant
homogeneous zones, it is essential to divide the northeast
Brazil into broad zones such as arid, semi-arid, sub-hurnid,
humid. Such a study present a first approximation of the regions
that are highly suitable respectively.for grasslands, dryland
agriculture, wet-land agriculture, forests· (Reddy 1983al.
Literature is replete with. such models. The following .three
approaches were tested2 to :identify their suitaoility for the
northeast Brazil (see for details on these methods-Reddy 1983al.

• Hargreaves dependable JOoist period CHargreaves approach)
• Troll's humid period CRevised Troll's approach.l
~ Modified Thornthwaite' s annual moisture index C.Modif:ied

Thornthwaite's.approachJ.
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Figures 13-15 depict the classification of northeast Brazil
respectively according to Hargreaves, Revised Troll and modified
Thornthwaite apprmad1Bs. In drawing Fig. 13 Hargreaves (1974) used
data of about 700 locations while in drawing Figs. 14 & 15 the
data of 991 locations (Fig. 1) were used. According to Hargreaves
map (Fig. 13) only about ~~.,% of the area of northeast Brazil is
suitable for dryland agriculture, while this is 40.4% according
to Revised Trall and 75% according to modified Thornthwaite
approach. On comparison with the productivity statistics over
northeast Brazil, it appears that the first two maps are
unrealistic. The arid regions in Fig. 15 follow more or less the
orographical features (Fig. 16).

Figure 13:

In drawing this: map two basi,c parameters were uae.d, namely
dependable precipitation and potential evapotranspiration.
Dependable precipitation values were estimated using incomplete
gamma analysis. In th.e literature there are several models of
incomplete gamma in use. It may De pos sfbl.e that toe model used
by Hargreaves (1974) may present underestimates in the case of
northeast Bzaz Ll.; Also +h,e Hargreaves- potential
evapotranspiration values present ove.r estimates .during rainy
periodS•

Fi:gure14 :

Average monthly preci.pi.tatio and potenti.al
evapotranspiration were the two inputs· used i.n computing hmni.d
period and in drawing tYUs- map. However, over the nor-t.he as t;

Brazil the occurrence of humâ d period over years· show ~ high
variation4 and therefore tOe average montlily data may not be
reflecting true humid period over northeast Bzazí.L, Even the.
conunencement of humid period is unrealistic CFi.g.171.

Toerefore, Fig. 15 can reasonaõly beused to divide the
northeast Brazil into broad .zorie s , The arid regi.ons t.n this map
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Figo 13 Classificatian af climate af nartheast Brazil-Hargreaves
app ro ach o.

MAl PD
EP

PD Precipitaçõo Dependente

EP = Evopotranspiroção Potenciol,mm

Médio Anual

ZONA LIMITE ÁREA
IMAlt %

mIm I/lHO ÁRIDO <I

}rnrm ÁRDO
43,5

1-2

D SEMI-ÁRDO 3-4 30,6

§ SUB-UMIDO >4 25,9

• Meses consecutivos com MAl~ 0,34

Som:e:
G. Hor<OIreaves (1974)
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Fig. 14 C1assification of c1imate of nortneast Brazi1 -.:Reyised
Tr~ll'~. approacli.
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Fig. 15 C1assificatian af c1imate af nartheast Brazi1-madified

Tharnthwaite's appraach.
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Fig. 16 Altitude variation over northeast Brazil.
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Fig. 17 Commencement of average humíd period aver northeast Braz i l .
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are not suitable for dryland agriculture and hence it is not
worth venturing dryland agriculture in these areas as a first
approximation. More details could be worked out later.

A seminar was presented to appraise the CPATSA scientists on
these findings.

3.2- Characterization of broad zones:

1n order to sub-divide the broad zones identified in the
previous section into agronomically relevant homogeneous zones
it is very important to use daily or weekly data sets. Month is
too long a period when compared to dryland crops of few days.
However, handling such data sets for all the locations is an
enormous effort which needs good computer facility and other
technical assistance. The compute r facility at CPATSA-Petrolina
is very small polymax system. Therefore, to over come this hurdle
it was proposed an intermediate step-characterize the broad zones
using monthly data sets of individual years. As a first step
this anaiysis is initiated for Bahia state4 inthe northeast
Brazil. The intermediate analysis facilitate to divide the broad
zones using climatic variables derived from the monthly data
sets. The details of this are presented below.

3.2.1- Data and analysis:

The primary data consists of monthly pr-e cí.p í.tiat.Lcn and
potential evapotranspiration for 196 locations of Bahia state
(Fig. 18). The period of data varies between 15 and 70 years. The
potential evapotranspiration values for individual years were
computed following eqs. 3 & 4 presented in section 2.

" 'Following the water budgeting technique of Thornthwaite &
Mather (1955' & 1957) with few modifications the water balance
parameters such as actual evapotranspiration, deficit-and runoff
using average monthly data and individual yearly monthly data
sets for 196 locations* were computed. Table 6 presents an example
of water budgeting using average monthly data. Table 7 presents
an example of probability of deficitjpotential evapotranspiration
and runoff under dilferent ranges estimated from individual

* ,A program in basic-language was prepared and adopted to CPATSA
computer system.
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yearly values. From the indi.vi.dualyearly values the averages,
standard deviations*and the proBanle occurrences in different
ranges were computed for humid period, moderately-humid(or-dry
period), dry period, commencement of humid period & moderately
humid period. The spatial distribution of these parametersare
de.picted in Figs .19-27. For comparison of these rnaps in Fig. 28
the altitude variation is depicted. Fig. 29 presents the water
liolding capacã t.Le.s of the. ao í.L, wh.ichwe re used in the es t í.ma t.í.on of
water balance parameters.

3.2.2- Discussion of results:

3~2.2.1- Interpretation of resultsforindividuallocations as an
example:

Let us consider the location Açu da Torre: This has got the
data for l7-years,mainly representing above average rainfall
period. 'Í'hesoil type present~a water holding c:apacity of 75-mm.
According to Table 6 this location has about six humid months
and ten moderately humid months with January and November being
dry months. The humid period commences in March while moderately
humid period commences in February. The average humid period
obtained using individual years water balance is 4.8 + 3.3
months with no consecutive dry period (0.2 ,± 1.1 months) and
moderately-humid period of 8.4 +' 2.O months. The commencement of
average humid and moderately,humid periods are month no 3.3:!:.
2.5 weeks and month no 2.2 + 2.5 months (3 = March and 2 =
February). This clearly demonstrates that the humid period is
highly variable, therefore, the pattern obtainedfrom average
monthly data is highly misleading. This can be seen more clearly
from Table 7. This: table indicates that May and June are the
only two stable months meeting potential deroand in about 90% of
years •.In April and July this satisfied in about 65% of years
only. In Febr'uary and August this satisfied only in 47% of years.
However, in between Fehruary and Apr1.l, March presen'bs a dry
roonth Ln many years. Rest of the roonths present high deficit in
75%of years. This suggestSthat'rainfed paddy can be transplanted
* In the romputatianof sone of these pararretersI recaí,ved pattial help frorn

Malaquias da Silva ArrorimNeto.
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le 6 Average water balance for Açu da Torre·

~e: Açu da Torre State: Bahia oLat: 12.56

ter ho1ding capacity of the soi1: 75 mm

oLong: 38.00

Data: Normal

A1t: 12 M

lobnth Water balance parameters*
P PE pl IVP I-PEAPW ST BST. .AE D s

Jan.

Feb.

Mar.

Apr.

May

Jun.

Jul.

Aug.

Sept.

Oct.

Nov.

Dec.

AnImal

81.0 181.4 '81.0
108.7 142.7 101.2
151.7.140.6 135.4
249.2 112.0 210.6
309.5 101.8 257.8
200.8 101.2 170.8
146.2 116.7 128.6
107.4 142.4 100.2

78.0 161.5 78.0
102.8 183.7 100.6
74.7 180.1 74.7

125.5 177.6 118.2
1735.5 1741.8 1557.0

-100.4
-41.5
- 5.2

78.5
155.•9
69.6
11.9

- 42.2
- 83.5
- 83.1
-105.4
- 59.5
-i84.8

-471.1
-515.6
-520.8

- 42.2
-125.8
-208.9
-314.3
-373.7 .

0.1
0.1
0.1

75.0
75.0
75.0
75.0
42.2
13.6

4.4
1.0
0.5

-0.3
-0.1
-0.0
74.9
0.0
0.0
0.0

-32.8
-28.7
-9.2
-3.3
-0.6

81.3
101.3
135.4
112.0
101.8
101.2
116.7
132.9
106.7
109.8

78.0
118.7

129fi.0

100.1 0.0 0.0
41.4 10.•0 7.5
5.2 0.0 16.3
0.0 23.6 56.3
0.0 155.9 174.6
0.0 69.6 121.2
0.0 11.9 43.9
9.5 0.0 10.2

54.9 0.0 0.0
73.9 0.0 2.2

102.1 0.0 0.0
58.9 0.0 7.3

445.8 261,Q 439.5

IP =
PE =
pl =

APW =

ST =
BST =
AE =
D =
S =
RO =

average month1y precipitation, mm
average month1y potentia1 evapotranspiration, rnln
average month1y effective precipitation, mm
[p - (P - O. 5 PE) x O. 2 ]

average rnonth1y accumu1ated potentia1 water 10ss or gfain, mm
average month1y storage, mm
average month1y change in storage, mm
average actua1 evapotranspiration, mm
average month1y water deficit (PE - AE), mm
average month1y water surp1us, mm
average month1y runoff, mm.

, ,
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~le 7 probabi1i ties of re1ative defici t and runoff under different
range; for Açu da Torre

me: Açu da Torre State: Bahia oLat: 12.56 A1t: 12 M

ter hoLdi nq capaci ty of the soi1: 75 rn N9 of years: 17

Lirnit Jan. Feb. M3.r. Apr. May J'IID. Jul. Aug. Sept. Oct. Ibv. Dec.

D/PE Defici t (D/PE)* probabi1i ties

< 0.1 23.5 47.1 29.4 64.7 94.1 88.2 64.7 47.1 23.5 23.5 29.4 17.6
0:-1- 0.2 5.9 0.0 17.6 5.9 0...0 5.9 11.8 17.6 0.0 5.9 0.0 5.9
0.2 - 0.3 5.9 5.9 0.0 5.9 0.0 5.9 5.9 11.8 5.9 0.0 0.0 0.0
0.3 - 0.4 5.9 11.8 0.0 5.9 0.0 11.8 5.9 5.9 5.9 11.8 11.8
0.4 - 0.5 5.9 5.9 17.6 11.8 0.0 0.0 5.9 17.6 0.0 5.9 5.9
0.5 - 0.6 11.8 0.0 17.6 5.9 0.0 0.0 5.9 11.8 11.8 0.0 5.9
0.6 - 0.7 0.0 5.9 0.0 5.9 5.9 5.9 17.6 17.6 0.0 11.8
0.7 - 0.8 17.6 11.8 5.9 5 .•.•9- 0.0 29.4 17.6
0.8 - 0.9 17.6 0.0 11.8 BJ.B 29.4 11.8 17.6
0.9 - 1.0 5.9 11.8 0.0 5.9 11.8 5.9

RO, rnrn Runoff (RO} probabi1ities

< 20 88.2 76.5 70.6 35.3 17.6 23.5 47.1 70.6 82.4 88.2 76.5 82.420 - 40 5.9 11.8 11.8 11.8 5.9 5.9 11.8 11.8 5.9 0.0 17.6 5.940 - 60 5.9 5.9 0.0 11.8 5.9 5.9 5.9 5~9 0.0 0.0 0.0 0.060 - 80 0.0 0.0 0.0 0.0 5.9 0.0 5.9 5.9 0.0 5.9 0.080 - 100 0.0 0.0 5.9 0.0 0.0 5.9 0.0 5.9 0.0 0.0100 - 120 5.9 5.9 0.0 5.9 0.0 5.9 0,,0 0.0 5.9
120 - 140 0.0 0.0 0.0 11.8 5.9 5.9 5.9 0.0
140 - 160 5.9 0.0 11.8 17.6 0.0 5.9
160 - 180 0.0 0.0 5.9 0.0
180 - 200 5.9 0,0 5.9 11.8
200 - 220 11.8 5.9 5.9 0.0~..

220 - 240 0.0 0.0 5.9 5.9
240 - 260 0.0 11.8
260 - 280 0.0 5.9
280 - 300 0.0 5.9
300 - 320 0.0 0.0
320 - 340 11.8 0.0
340 - 360 0..0 5.9
360 - 380 0.0 5.9
380 - 400 5.9 5.9

*D - deficit (PE - AEI
PE = potentia1 evapotranspiration
AE= actua1 evapotranspiration.
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in April and harvested in August but there will be some problems
at the time of harvest. ProBably because of this problem this
region is main1y used for cultivation of coconuts (Mata de são
João Município). Finger millet, paddy, gróúridnu~ maize, casava
could be grown as intercrop with coconut. This practice is seen
in some of the Asian countries. It is seen from Table 6about
439.5 mm of precipitation (i.e. 25%) goes as ,runoff primarily in
May and June. It is seen frem Table 7 in more than 40% of years
the runoff is > 100 mm during April to July and from August to
March the runoff is < 20 mm in 70% of years.

3.2.2.2- Comparisonofagroclimatic parameters with crop
productivity area:

Th~ average humid period and its standard deviations ~n '
conparf.sonwi th.the average area under cul tivation and its
coefficient of variation (C.V.) fOIpélddy,sugarcane, cowpea.zbeans ,
casava, ma í.ze , cotton, castor suggests that:

· where the humid period is longer the C.V. of the area
under cultivation over different years is low « 35%) i

., where the humid period is shorther the C.V. of the area
under cultivation over different areas is high (> 50%) i

• where the humid period is longer with low C.V. paddy and
sugarcane are also grown in addition to maize and casava
indicating preference to sole cr<;>pping;

• where humid period is longe r with high C.V. cowpeajbeans
and castor are' also grown in addition to maize and casava,
indicating preference to intercroppingi

• where thehumid period Ls shorther cotton is also grown in
addition to cowpeajbeans and castor.
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3.2.2.3- Discussion-general:

Irrespective of whether the location is in arid or semi-
arid or sub-hurnid the hurnid period presents a clear cyclic
variation o f ' 35-years below average arid 3,5-years above
average (Fig. 5). The above average pattern (+) ended by
1926-'29 and there onwards the below average pattern (-)
cornrnencêdand continued upto 1961-'62. With 1937-1951
showing a tendency of near or above average pattern. The
above average pattern cornrnencedin 1962 and may extended
upto 1996 with 1977-'91 presenting below average or near
average tendency. This clearly suggests that cropsj
cropping pattern suitable under years of above average
pattern are different from those years with õelow average
pattern.

- Arid regions are characterized by:

· average hurnid period 2 1. O month.
• probability of occurrence of 'O' and < 1 hurnid months

are respectively > 25 and > 50% of years·
• probability of occurrence of > 3 hurnid months is only

aõout 10-15% of years.

This clearly demonstrates that the a.rí.d reg.i.onsare not
suitable for dryland agriculture but only useful for grasslands.
The risk of venturing dryland agricul ture in these are as 1.S very
high. Cowpea andjor Pe azL millet of 70-80 days are po ssLb Le only
in some years when the rainfall cycle presents above average
pattern. Also, the success· of thes~e crops primarily depende upon
identifying the appropriate time of sowing. The important time
for this is between the average month of commencement.of moderately .•..
hurnid and hurnid periods.

Rventhough the sub-humid regions are characteri.zed by long
hurnid period, the variation witliyears- fs very h~gh. except
over few regions with rainfall occurring more or less
throughout the year. The probability of occurrence of 'O'
and <: 1 humid nonths are respectdveây00 and ~ 40% years. 'Ihis
refinitely indicates they are not suitable for dryland agriculture.
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- The serni-arid regions c:ouldbe divided into two zones,
narnely one on to the West of Rio San Francisco and the
other on to the east of Rio San Franci.sco.

The regionstothe West afRio SanFra:nci..sco are
characterized by:'

The average humid period varies between about 1.5 to :].0-
rnonths wi th a- standard deviati.on of < 3 rnonths. There Ls a
definite dry period. The dry period with > 4 consecutive months
occur in 70-80% of years. In this zone the probability of
occurrence of 'O' and < 1 humid rnonth is < 15-20 and < 20-50% of
years with occurrence of ~ 3 humid rnonths reaching as high as
40-60%. Unfortunately rnajority of this area is covered by very
shallow soils with very low water holding capacity. In shallow
soils definitely sole crop is successful while in the deeper
soils it is possible to grow a second crop. There is high
possibility of getting runoff which can be harvested and
utilized to increase the productivity. When the rainfall follow
the below average pattern it is pr~ferable to adopt intercrop
rather than double crops.

Theregionsto the East afRio San FranCi..scoare
characterized by:

Due to orography these regions present high var:i.ationSin
agroclirnatic variables. The probability of occurrenre-of'O' and <

1 humid nonths are 10-40 and 30-60% respectively except a srnall
band in between 13 to 140 latitude which present generally lower
occurrences. The probability of occurrence of ~ 3 humid rnonths
is 20-60%. The chances of occurrence of consecutive dry period ~.
4 rnonths is very low {< 10%) with chances of occurrence of
rnoderate-humid period ~4 rnonths of 60-8Q%. The high variations
over years clearly suggest that this region is rnore suitable for
intercropping rather than sole or double crops. However, the
type of intercropping need to be adjusted according to the
peri.od (below or above average rainfall patternl. More datails

~ooaldbe worked out after coropleting analysis Ln phase-III (see
next section 3.3),
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- In general the commencement of humid period and moderately-
humid period show 4 to 6 months variation over Bahia state.
Because of this the water demand by the atmosphere and
available global solar radiation and temperature
condi t.í.onsare defini tely different during the growing
season of different parts of Bahia on similar latitudes.
The crops and varieties, therefore, suitablé ~for different
parts of Bahia under similar latitudinal belts may differ)
eventhough cropping pattern may be similar. Details on
this could be worked out after }ilase-IV analysis (see section
3.4) .

The best time for planting in the semi-arid regions i5 in
between the commencement of average moderately-humid period
and humid period. However, to get better information on
this it is essential to work with weekly data set& proposed
under phase-III (see section 3.3).

3.2.3- Conclusions:

- Bahia state presents cyclic variation in humid period with
35-years of below average and 35-years of above average
pattern and in each of these periods for few years
opposite tendency is seen.

The arid regions are not suitable for dryland agriculture,
however, in some years during the above average rainfall
period it may be possible to grow a 70-80 days cowpea and/
or pe a.rL'mí.Ll.e t; with proper planning of sowing time.

e;'

- The sub-humid regions present long humid period with high
variation (with few exceptiens along the coast) .with no
definite continuous dry period and moderately humid period
is > 10 months. This definitely suggests,·'thatthese regions
are not suitable for dryland agriculture.
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In the semi-arid zone with low C.V. sole cropping is more
relevant under shallow 80ils and double cropping is more
relevant under deeper soi15 when the precipitation presents
above average pattern and intercrops in general during the
below" average pattern. In the semi-arid regions with high
C.V. intercropping may be a better strategy. Most of this
zone indicates possibility of occurring good runoff and
hence re-use of this water will certainly contribute
significantly to improve the productivity leveI in the
semi-arid zone.

The commencement of growing s.eason show 6-months variation
on similar latitudinal belts of Bahia. Hence, the climate
in terms of global solar radiation and temperature may be
different over different parts of Bahia during the crop
growing season. Therefore, crops or varieties that fit
into the cropping system may dí.f fer..",over different parts
of Bahia under similar agroclimatic conditions.

- The be stt.tLme for planting Ls.in between the commencement of
moderately-humid period and humid period with good rains.

3.2.4- Futureareas of work:

• Similar analysis can be completed for other states of
northeast Brazil.

Climatic attributes obtained Ln this study for entire
northeast Brazil can be used in the numerical
classification techniques (s~e .Reddy 1983b) to sub-divide
different broad zones of northeast Brazil. This is very
important for making detailed analysis for iden~ifying
cropsjcropping patterns. (These are discussed in the next
two sections).

A Seminar was presented to appraise the scientists of CPATSA
on the findings of this study.
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3.3- Agrcx::linaticclassification-anexarrple(Bebecburo8: Mandacaru)

The monthly averages present the relative differences of two
or more locations but of little use in agricultural planning as
month is too long a period when compared to shorter __duration of
dryland crops. The most appropriate forro for such a study are
daily records. However, handling the daily data involves
enormous efforts. As a compromise between these two situations
one can choose the weekly data as a reasonable per í.od for
agricultural pIanning in tropics. The.r:eare several ways of
assessing the agroclimate of a location or region using such an
information. One such procedure is estimation of probabilities.
There are two types of probabili ty estimates, name Ly e (i)'
estimation of parameter at fixed probabilities and (ii)
estimation of probabilities at fixed amount of parame ter' (here
the parameter may be precipitation or derived index). In the
former case the basic data sets of a pararneter are fitted to a
theoritical distribution (such as incomple-garnrna, log or
exponential) and de r í.ve ." the parameter at different levels of
probabilities. In this type of anaIysis certain amount of
assumptions are involved in solving the theoretical distributio~
Even in the case af incomplete-garnrna there are several forros of
assumptionsand hence the estimates differ according to these
assumptions. There is no vaIid test to prove which assumption is
the best for that data sete The second method is, however, not
biassed by such assumptions. This is a simple frequency
distribution study.

However, alI these types of probability estiroates do not
present the continuous period for the s~me growing season, which
is very important in undertanding the degree of riskyness of a
certain crop/cropping pattern and likely variations in the
cornrnencement and cessation of effective rainy periods. A method
involving the continuous period for the same growing season is
suggested by Reddy (l983c) and appIied to India, o west Africa
(Reddy 1983d, 1984a, b) and for tropical ~ustralia
(Reddy & Williams 1984). ~his metliod is not only
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useful in the agricultural planning at a place but also helps in
the transfer of location-specific technology th.rough identifying
similarities with other locations in terms of agroclimate.
Variations due to soil types can also be assessed using water
balance simulation (Reddy 1983d, Reddy & Williams 1984) using
t.h.e water balance model of Reddy (1983e).

Some of these aspects are explained with reference to
Bebedouro and Mandacaru data.

3.3.1- Dataandana1ysis:

3~.3.1.1- Data: The primary data consists of daily precipitation
and open pan (US Class A) evaporation (potential
evapotranspiration = 0.75 open pan evaporation) for 1963 to 1982
at Bebedouro and 1966 to '1982 at Mandacaru. The average clirnatic
pattern is presented in Tab1es 8 and 9 respective1y for
Bebedouro & Mandacaru.

3.3.1.2- Ana1yàis:

a. Tnitial .and oondit:fohal probabi1ities

Figures 30.and 3! represent the probabili ty distribution
respective1y for Bebedouro and Mandacaru for week numbers 40 to
22~ 1n these diagrams a, b.and c respectively represent the
probabili ty estimates for three different Lf.mí, ts of the
parameter {R/E' >'Xr?( x = O~30, 0.60',0.90 } -- where R and E
respectively stand for weekly precipitation and open pan
evaporation} These three 1imits approximately represent the
water requirements at different pheno10gica1 stages of a dryland
crop (of sorghum or maize with about 100-days durationJ. 1n
these diagrams the curve 'u' representsthe probability of
occurrence of R/E ~ 'X' in N years (N represents the number of
years for which the data R/E are avai1able). The curve 'U/U'
represents the probability o f oocurrence of R/E ~ 'X' for two
consecutive weeks in N yearsi while the curve 'S/U' represent~
th.e probabili ty of occurr~nce- of 'R/E ,>1 X' f'ol.Lowe d by a dry

*1.rereivedthe help of MlléqUias da Silva ArrorimNeto in the calculationof
weekly totals of R and E and probabilities.
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week in N years. The former is terrned as initial probability
while the latter two are terrned as conditional probabilities.
These are computed for each individual weeks based on N-years.

b. Agroclimaticvaríables:

Figures 32 and 33 depict the agrocliroatic variables
estimated foLl.ow í.nq the methodology of Reddy (l983c) r-e spe ct.Lve Ly

for Bebedouro and Mandacaru. These figures not only depict the
varianles for individual years but also averages + standard
deviations. The terrns are explained as follows:

G

e
S

s
W & D:

The mean available effective rainy period (weeks)i
Standard deviation of G (weeks) i

The mean week of cornrnencement of sowing rains (week nQ)
Standard deviation of S ( weeks ) i

Are respectively the wet and dry spells with in G
period (weeks) i

a & 6: Standard deviatio~ofW and D (weeks) i

A: Ar í.d í tíy index or riskyness (%) (% occasions G < 5 weeks).

3.3.2-Resultsand Discussion:

3.3.2.l-General climate:

Tables 8 and 9 present the average climatic pattern of
temperature (média, máxiroá & mínima), sunshine hours, global
solar radiation, relative hurnidity, precipitation, open pan (U~S
Class 'A' - without mesh cover) evaporation and wind velocity
respectively at Bebedouro and M~ndacaru. It is seen from these
tables that the average temperature show little variation with
seasons (26.5 + 1.30C for Bebedouro and 27.0 + 1.20C for
Mandacaru). Similar pattern is also evident in the case of
average máxima & mínima temperatures (31.4 + 1.50Ci 20.3 + 1.30C
for Bebedouro and 31.3 + 1.30Ci 2Q.6 + 1.30C for Mandacaru).

T~e sunshine ~ours also show little seasonal variation at
bo ch, the places (6.4 - 8.5 hours for Bebedouro and 6.8 - 8.5
hours for Mandacarul. T~e,global solar radiation present 372-545
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rTable 8 : Average month1y c1imatic data for the Bebedouro experimental station for the period
19&4 to 1982.

Latitude : 09°09' S Longitude : 40°22' W Altitude : 365.5 M

'l'emferature(oC) Re1ative Global WindSunshine solar Precâpí,tation Evap:>rationM:::mth. Média !vBxima Múti.ma hurriidity (hrjday) radiation (rrm) (rrm/day) ve10city
(%) (lyjday) (km/h)

January 27.1 32.1 21.1 63 7.3 483.5 67.6 7.2 7.0
"February 26.9 31.6 21.4 67 6.8 474.2 97.6 6.6 6.3
March 26.6 31.3 21.1 69 7.0 474.4 128.9 6.1 6.0
Apri1 26.1 30.5 20.8 71 6.7 437.7 104.2 5.8 6.0
May 25.5 29.9 19.6 67 6.4 390.1 17.4 5.7 7.6
June 24.7 29.4 18.7 64 6.3 372.0 10.5 5.9 8.8
July 24.5 29.0 17.9 60 6.9 385.6 7.5 6.6 9.8
Auçust 25.4 30.6 18.5 56 8.3 455.0 4.7 8.1 10.3
Septenber 26.9 32.0 19.6 52 8.0 493.9 7.1 9.3 11.0
October 28.5 33.6 21.2 50 8.5 545.1 9.8 9.6 10.1
Noverrber 28.4 33.8 21.9 55 7.8 529.9 47.7 8.9 8.2
Cecenber 27.9 32.6 21.4 59 7.5 499.5 79.6 7.6 7.2
Annual 26.5 31.4 20.3 61 7.3 461.7 582.6 7.3 8.2
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Table 9 . Average monthly c1imatic data for the Mandacaru experimental station for the period.
1965 to 1982.

Latitude : 09024' S Longitude : 40026' W Altitude : 375.M

Terrtp::rature(oe) I€lative Glooal WindStmshine solar Precipitation EvaporatdonM:mth Mãõia M3xirna Mtrrlna hurnidity (hr/day) radiation (rrm) (J!1!l'/àay ) ve10city
(%) C1y/day) (km/hr)

Janúar.y 27.5 32.0 21.5 60 7.5 469.7 69.2 8.3 9.0
Februaxy 27.4 31.5 21.4 63 7.0 473.5 93.8 7.5 8.0
March 27.3 31.2 21.4 65 7.0 468.9 121.8 7.2 7.2
April 26.7 30.7 21.0 66 7.4 431.4 65.2 6.7 7.4
May 26.0 30.0 20.2 63 6.8 408.7 18.9 6.9 9.8
June 25.2 29.5 19.0 61 6.9 364.6 8.5 7.0 11.1
Ju1y 25.0 29.3 18.2 58 7.3 388.6 3.5 7.9 11.8
August 25.7 20.5 18.5 53 8.4 457.8 0.9 9.3 12.4
Sept.enber 27.2 32.0 20.1 49 8.2 498.8 9.6 10.5 13.4
Octaber 28.8 33.4 21.6 47 8.5 510.7 13.6 11.0 12.1
Noverrber 28.8 33.4 22.2 51 8.1 498.5 61.1 9.9 10.8
Deo:mber 28•.1 32.6 21.9 53 7.6 469.1 87.5 8.7 9.0
Annua1 27.0 31.3 20.6 57 7.5 453.3 553.6 8.4 10.2
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ly/day for Bebedouro and 365 ....511 lyJday for Mandacaru. At both
the places the relativehumidity Ls > 50% throughóut.theyear; wi th
Bebedouro presenting slightly higher values than for Mandacaru
thoughout the year. The wind speeds vary between 6.0 - 11.0
km/hr for Bebedouro and 7.2 - 13.4 km/hr,for Mandacaru with
Mandacaru presenting sLf.qh t Ly higher wind veloci ties over
Bebedouro. The open pan evaporation varies between 5.7 - 9.6
mm/day for Bebedouro and 6.7 - 11.0 mm/day for Mandacar~ with
Mandacaru presenting slightly higher evaporation'over Bebedouro.
These values are:'_',consistent with the relative humidity and
wind velocity data, where it suggests that there might be dry
advection for Mandacaru while for Bebedouro wet advection
(consistent with wind direction from the River San Francisco)
that increases.evaporation at Mandaearu and decreases
evaporation at BebedouroS.

The mean annual precipitation is > 500 mm at both the places.
However,the longterm average for this region (Petrolina) is
about 400 rnrn •. The high average for these two loeations is
because the period 1963-1982 present the above average rainfall
pattern {1927-1961 being below average rainfall pattern)3. Hence,
the average climatie data for these two locations present the
pattern for better rainfall period. Therefore, one must be very
eareful in making sweeping eonclusions based on thiH data.

3.3.2 •2- Initial and <;=ondi'tiona,1 probabilities :

Figures 31 and 32 depict the probability of occurrence of
R/E > 0.30 (a)i ~ 0.60 (b) and ~ 0.90 (c) respectively for
Bebedouro and Mandacaru. These three limits respeetively
represent the water requirement for dryland crops at different
growth stages of a crop. For example (a) represents the limit
for early and late growth stagesi (b) represents the early
vegetative and grain filling and (e) represents for flowering
and/or reproduetive stages. Based on this the crop callender is
indi.cated in Figure' 31 (bl.
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Bebedouro: At Bebedouro R/E ~ 0.30 line crosses 40% (but
less than 60%) during middle of December and con t Lnue s. upto
April with few breaks, during early two weeks of January and
las:Çweek of February (Fig. 30). The chances of occurrence of
R/E > 0.30 in the .aucceedí.nqweek having ei ther R/E ~ 0.30 or
R/E < 0430 is very low « 40%). This indicates sufficient water
Ls available for ini tial growth and final growth periods only
in about 4 out of 10 yea.rs. Mandacaru, also presents the similar
pattern with slightly lower reliabili ty (Fig. 31)·.

3.3'.2.3- Agroclimatic variablesfor Bebedouroand Mandacaru:

The above discussed probabílities do not present the
contínuous períod of the same growing season of the year and
hence they are more appropriate to assess the day to day
operational problems.

The traditional crops, varieti.es and croppin.g systems often
do not make full and efficientuse of availablesoi1 and water resources, To
improve this situation, new techniques for resource management
which nore e.ffectivelyconserveand utilize the rainfall and tbe soil, and
the new crop production systems whi.ch increase the productivy
and mínimize the instabilíty are to be developed. By fitting
certain agricultural operations to particular environrnent yields
can be increased substantially.

The research results of any given station are relevant not
only to the ne±ghbouringareas, but to wirely dí.spezsedregions in the world
having similar physical environment. This involves the

t.'

establishment of guiding parameters for the transfer of location-
specific technology to other regíons with the least risk. Much
of the environmental information is an integral part of the
systern where careful analysis can yield valuable information
about important hazards and constraints. A logical step in this
di.rection is, therefore, to understand the climates of different
regions and to classify them into agronomically relevant
hornogeneous zones. Reddy (1983c) developed an analogue approach·

,
to understand the climate and app.Lí.e.d t.h.í.stechnique to India,
~est Africa anã tropical Australia (Reddy 1983d, 1984a,
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1984b & Reddy & Williams 1984). For such a study weekly data of
individual years are required. However, this information was not
available to me at this time except for the two research centers
ofCPATSA, namely Bebedouro & Mandacaru. The results for these
two locations are depicted in Figs. 32 & 33. The period under
consideration represent the above average rainfall period.
Therefore, this information present the best possible situ.ation
for these two·locations.

At these two locations energy is not limiting the crop
productivity. The major limiting factor is precipitation relative
to high evaporative demando Even with the precipitation of high
rainfall years the success of a ~duration dryland crop is
60% and 41% respectively fqr Bebedouro & Mandacaru respectively.
The difference is mainly _dne to evaporation (Tables 8 & 9).
During 1963-1982 about 6-years present complete failure at
Bebedouro. During 1966-1982 about 7-years present complete
faf.l.ure at;.M3ndacaru.'1heaverageeffective rainy period respectdvelyfor
Bebedouro andMandacaru are 7.9 + 6.7 weeks and 5.1 + 5.2 weeks
and within this effectíve rainy períods the dry and wej:.spells
constitute about 5.1 ~ 3.0 weeks, ,l-.8+ 1.4 weeks and 3.5 + 2.0
weeks, 3.0 + 1.5 weeks. This suggest that the growing period is
highly variable Jlthe dry spells constitute mo re than 50% of the
growing period with wet spells less than dry spells. This
dernonstrate this region is only sur.t.abLe for a short duration
drought tollerant varieties Lí.ke cowpea and peerL millet of 70-80
days. The appropriate time for s-owing is·week n9 5.3 ~ 4.7 weeks

- .
and week n9 4.2 + 5.9 weeks respectively for Bebedouro and
l1andacaru. nidicating high variat.i.ons in both commencement and
wittld,r:awal.of effective rains. This' suggests· tlie successof a
crop depends upon the time of plantlng primarií~y. Thé· best time is
late January with. good rains·.

Tf one considers· the 7Q"'years data of Petroli:na that cove.ra
both. high. and low' rainfall peri:ods the success· of crop i5 les$
than 15-20%. There.fore, t.h.í.s region is more suitable for grass·-
lands during the low rainfall period and only i::nallout 50% of
years of h.í.qh. rainfall years short duratíon crops are sucoes sf'utl,
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When the weekly data are available similar analysis can be
ce r r í.edóut.. for few selected locations with data sets of 70-

years. Utilizing some of the inferences of Reddy (1984a & b) it

may be possible to characterize the northeast Brazil as relevant

to cropping patterns and land & water management practices along

with the associated risk levels both under low and high rainfall
periods separately. By comparison of these variables with India,

tropical Aust r a.Ld a & west Africa it maybe possfbãe to ext.end

technology for similar situatíons in northeast Brazil.

3.4- Crop-weather-soil models:

The natural limits of crop adoptation are imposed py the
important ecological factors. Pr:iInariIyanongthese factors is the clinate.

The farmer is aware of crop adoptation in recognizing some crops
do well in hí.s region whereasothers do not. Healso kn::Msthat the choire of

varieties Ls esserrt.LaLl.y important. Better adoptation may refer

to higher y'ie1dsof foraoe or seed, capacity to copewith unfavoraBlesoil&

climati.e conditions, abiIity to resist insect or desease attack,
or nore favorabIe chemica1compoaí.tãon,'lhe plant envízoment,reIationships

involved are many and excead í.nq Ly complex. This is ampIiiied w'ith

new varieties that are being deveIopecl.

ReIationships between climate and crop yi.eIds are di.ffi.cul t
to calculate because of the c.nmpIexinteractions involved, At certain grc:Mt:h

stages, one environmental factor may be cri tical, where as at
othe r stages of deve1oprrent,another factor maybe limiting. Correlation

studies may show that yieId and certain factor of the environment
vary t:o<}:!ther,but the casual ef.fect roayrot. be proved •

Th.erefore., to identify and evaIuate thos:e areas whi.ch.have

th.e greatest advantages for a pe.rt.Lcu.lar crop or variety

requires a critical anaIysis of alI aspects of the production

system. The recent computer based 'crop-weather-soil' models

have beeri designed to evaluate tbe performance of any crop or

variety at any location given a specified minimumset of site,
crop, weather and management data. Therefore, thi.s aspect



70

involve:

1. identification of appropriate model(s)
2. verification and/or development of appropriate

coefficients through field experimentation
3. sirnulation using environrnental data

3.4.1- Identification of appropriate model(s)7:

The literature is replete wíth different types of crop-
weather-soil rnodels. They can be arranged into three broad
categories, narnely clirnatological, water-stress and crop-:growth
rnodels. In clirnatological models productivity is related to few
randornly identified weather parameters. They are highly location
specific and hence they are less suitable for regional planning.
In water stress models, relative yields are related to relative
evapotranspiration or relative transpiration or relative percent
soil rnoisture. Under dryland situations the models that present
relative to soil moisture are unsuitanle as there are no models
that predict·the soil moisture accurately in different layers
of the soil. In the case of oth.er types' the linear and additive
rnodels appear to be highly location and or year or season
specific. The rnultiplicative models those that account
differential effect of growth stages appear to exp Laí.nmore than
6Q% of variance in the productivity. However, yield 1:5 not only
infl uenced by s-tress, but also w:ttli.soiltype and watefloggi.ng.
In addition ternperature, relative h.umidity and gloBal solar
raàiation also influence the productivity when one considers
wider regions and years. Crot)-growth models :j:ntegratecomplex
processes of crop growtft & developrnent through. cl:i:matic
pararneters. However, some. of tne models require a lot· of crop
i.nforrnationwhich are rarely quantifie.ã for northeas-t Brazil.
Also, in these rnodels weightage is <;Jiven-more to radiation and
temperature cornpared to water s'tress. The latter Ls more
important in dry tropics. Hence, as' a compromí.se netween water
stress and crop-growth models, a simple model as-applicable to
nort.heas-t; Brazil is suggested. Figure 34 depd.ct.sthe flow chart
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EXPLANATION OF SYMBOLS IN FIG. 34

NI = nitrogen leveI (fertilizer leveI)

GRAD = global solar radiation, ly/day

TEMP - average--naily Jtemperature,-·-~c-,

RELH = average daily relative humidity, %

PHOT = photoperiod, hours

P = daily ..precipi tation ..•..."'"~

E. = .daily open: pan(U ..S.··c'Las s 1A-1 roesh covered) evaporation, mm

SFOC = soil factors

CFOC = crop factors

CCOF = crop coefficient

AE/E = relative evapotranspiration

RO+D runoff (surface + deep drainage), mm

NI. = nitrogen s-tres-s.index on day i
1

RIi = radiation stress index __on day i

TIi = temperature stress index on day i

MI. = moisture stress index on day i
1

DM. = dry matter on.day i
1 .

GY. = grain yield on day i
1

F = flowering day, days
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of this modelo The basie imputs into this model for simulation
are:

• daily preeipitation
· daily open pan evaporation
• daily average temperature
• daily average relative humidity
• daily qLob aL solar radiation
• water holding eapaeity of the soil

- entire profile in the root zone
- top 10-em layer

• % elay eontent

This model is primarily baae d on the eoneepts developed by
Fitzpatriek & Nix (1970) and Angus. & Zandstra Cl9.79I. The
equation for dry matter and grain yield are written as' follows:

• For dry matter (total biomass1:

W; = W1-._.l+ aW~. 1 • GI~ • A~.,
-s-: :J-.-:J-.:J-. • •.•. C6al

· For grain yield

• •• (6b)

where

W.:J-.
(l

= total biomass on day i
= inherent relative growth rate
= grain yield on day i l:

= RIi x TI. x MIi x NI .. (7)
1 :J-.

= radiation index

Gi
GI.a,
RI.

1

TI. = temperature index
1

MI. = moisture index
1

NI. = nitrogen index
1

K12 = maximum biomass reserve at anthesis available for
transloeation to grain

IS.3 - minimum biomass reserve
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AGE = e-8di

S = fi~l value of tne relative growth rate
di = (= l/Di) = developmental time.

3.4.1.1- Phenology model: Phenophase duration is primarily
TIrelated to temperature and photoperiod (Afgus et aI. 1980). In

addition, rela-~ive humidity (Reddy et aL;' 1984) and wat.er stress
(Anderson et alo 1978) particularly during the later_ stage of
growth8 CReddy 1984c) also influence the phe ncohaae duration.
This is very important in identifying the duration and time
sequence to estimate the stress factors for each critical growth
stages. The proposed model 15 presented as follows:

iI Prior to anth.esis:

d.a,
n 1 n

= Ê = L
j:-l D~ i:-lJ...

+ K4~i + KS (AE/E) i ••• C9a}

ii} After anthesis:

d.
1_

n
= L

t-l

• •• (9b)

where Kl' K2' K3' K4' KS are constants to be derived through

field experimentationi PPi is t~e photo~riod on day ii
PP~:-is the cri tical phot.operLod r ti is the average
temperature on day ii Tbase is the threshold tem~eraturei
hi is the average relative humidity on day i and (AE/E)i
is the relative water use on day i (AE = actual
evapotranspiration and E = open pan evaporation mesh
covered). di = 1 means that particular phase is complete.
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3.4.1.2- Moisture index:

The appropriate terms that need to be considered to account
stress are:

• logistic form to account water deficit
• effect of soil type on yield
• effect of excess water on yield
• estimation o f water stress relative to potential

evaporation

The logisticfarm: The logistic curve of Minhas et alo
(1974) is more realistic for dryland situation and also
mathematically sound.

E.ffect ofsoiltype: It was noted by Reddy [1984c) that
potential grain yield varies with ao í.L type. This Ls also
evident from the Bebedouro· & Mandacaru CBrazill data8 in
addition they also show the responsB of fertilizer is different
in different ao.í.l.s, Thi5 means the differential effect of water
st.reas on relative yield5 are different. This may be characterized
by % clay contento

E.ffec·t:o,f:excess water: Eagleman (19761 noted corn yield
reduction in above normal rainfall years as much as those in
below· normal rainfall year5 in USA. Therefore, in addition to
5tress, a factor that defines the excess rainfall also needs to
be accounted. This i5 particularly 1mIX>rtantin cLayey .soils8

c : (Vertisols & Alluvial ao í Ls) where wate-rlogging is a major
problem. Willaimson & Keitz (1978) while reviewing the effect of
water table or flooding 9n yield, felt the probable reason for
less yields are poor aeration.

Estimati:on af waterstressrelative :;to ;.potential
evaporation:

This involves identif4.cation o f suitable so íL water balance
tA seminar was presented on.this aspect to CPATSA scientist).
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model that takes into account alI the physical process involved
and which can be used under diverse soil, climate and crop
conditions.

A large numbe r of models have been developed during the past
two decades that aim at predicting soil water balance parameters
such as evapotranspiration, runoff, soil moisture status over
time interval~ of a day to one week.

In determining the soil water balance evapotranspiration is
one of the complex parameters to be es·timated. There are several
approaches for the estimation of evapotranspiration. They can be
grouped under two broad types, namely:

• micro-meteorological methods
• met~orological methods.

Accor<lirig':tp Baier "micrometeorological methods of modeling soil
moisture distribution with.in the so í L profile are now at a
stage to be use fuI in researcht Dut are not yet ready for
agricultur~l applications which require such information over
time and space". Of these, aerodynamic methods are used less
often because of their input data requirements t..hatrequire
expensive ins.trwnentation. Energy balance methods utilizing the
Bowen ratio yie.ld valid estimates of evapotranspiration if the
baa í.cassumptions are met, but with ratios less than - 0.•'5, the
determinants are less reliable. These models are not:
particularly useful in situations for which few environmental
and crop data are available unless a number of simplifying
assumptions are used. In the combination methods, energy balance
"and aerodynamic equations are comb í.ne.dto produce an equation
that can be used to estimate potential evapotranspiration. Agai~
the plant facto r must be introduced to obtain actual .
evapotranspiration estimates.

On the other hand, meteorologi.cal water _Dudgeting technique.s
have been much. used both for researcn and for application.
However, many of the models are sí.ce.,or climate, or crop stage-
specific ..
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Reddy (1983e) presented a simple method (IC5WAB) of
computing daily evapotranspiration. The major inputs into this
mode] are easily measuralSle weat..herparameters such as rainfall
and open pan evaporation (U.5 Class 'A' pan-mesh covered). The
model successfully differenciates between fallow and cropped
areas and adequately accounts for differep.ces in the evaporative
demand as well as soil and crop factors. The growth stage of a
crop is represented by coefficients which are based on leaf area
index and the percent ligh t interception by the crop , Use of
crop growth stage coefficients permits the model to account for
variable available water at different stages of crop growth.
Maximurn available soil moisture in the top 10-cm soil layer and
also in the total profile is an important input in the modelo
Available water in the top 10-cm soil layer at a given stage is
used to determine the potential evaporation. Actual
evapotranspiration is computed as a function of time after
wetting of the soil Lrrespect.Lve of;available soil moisture.
Hence in extraction of water, the model gives preference to
recent rains which wet the top layer of the soil compared to
water in the deeper layers.

Th.e dai.ly aoí.L balance equation is generally wri.tten in the
form:

&M =R"'AE -RO .•..On n n n n

and AE.n is estimated according to rCSWAB-model as;.

AE 5-E rt:tE>' n = [1 + 16 n ~ç] (10)
l.'

whene:

n = day number (1, 2, •••}
R = rainfall or irrigation amount, mrn

AE = actual evapotranspiration, mm
RO = surface runoff, mm
O = deep drainage, mm

lM = soil moi.sture change, mmn
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M= soil moisture storage, mm
E = open pan evaporÇ3.tion, mm

(U.S Class 'A' pan - mesh covered)
t = time after rain or irrigation, days

(1, 2, ••• )

b = crop growth stage coefficient
(varies with cropjcropping pattern)

K = water holding capacity of the soil in the root
zone, rnrn

a = nernber of days for which the available water in the
top lO-cm soil layer meets the potential evaporation,
days

Warning: Before actually applying this model to the
niortheast Brazilian situation it is very important to test the
model with_ observed data as the crops Cvarietiesljcropping
pattern are different. Estimates of soil water balance are
useful in several ways for solving agricultural prob Lems , For
example:

'.In the development of agroclimatic models for establishing
the length of crop growing season - Th.is a110ws a more
predictive approach to land management proõ1ems by
adjusting crops to cli1nates, and, at a given s:Lte permits
assessment of different fa110w crop st:r:ategies;

In the deve10pment of yie1d forecasting models - This can
he1p in the interpretation of the considerable variabi1ity
of crop yields between seasons and regions and
identification of sui table crops to that environrnent'.

• In the moni toring of s,upplemental irrigation requirements
and runoff modelling. This is very important for better
utilization of limited water in the seasona1ly dry tropics.
Application of this model for irrigation scheduling is
presenterl by Reddy (1983f).

Al1 these aspects rnay he. iloportant for etfj:ci.ent-manaqement;
of agricu1 tura1 pzoduct.Len at a parti.cu1ar síte ,
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Now the final form ofmoisí:u:te. index .í.s wri tten as:

MI. =
1

SiX,
..!l. [1 _ (1 _ AE)2. l 1 + m.r.
.11. - E 1 - 1 11=1

(11)

where m.
1

& s. = soil dependent factors for growth stage i under
1 excess rainfall and deficit rainfall situations

respectively;
X. = stress weigting facto r for growth stage i1 .

ri = excess water factor for growth stage i
(related to runoff)

and

3.4.1.3- Temperature,·radiationandnitrogen indices:

Eventhough, global solar radiation and temperature are
abundant in tropics, the relative yields under different climatic
conditions depend upon the actual levels of temperature and
radiation, they present high relative variation under different
climatic regimes.

Solar radiation affects many physiological processes,
particularly photosYI:lthesis. The light requirement varies with
plant species. There are critical stages of plant growth when
solar radiation is·essentially important. For the same amount af
daily solar radiation, the photosynthetic ratio increaBes with
day length (Monteith, 1965). Crop response to fert:ilizer
application is intimately relateà to the climatic environment of
energy and water. At high light intensii:ies, i.ncreasing
application of nitrogen increase rice yield, whe reas, at low

c:
light intensities, grain yield does not respond to increased
nitrogen application (Yoshida 1972). Heavy application of
nitrogen at low light intensities may result in a high percentage
of sterility in rice. According to Hagan & Vaadia (1981) it is
wasteful from the stand point o.fwater use efficiency to supply
moisture to the field where growth is seriously retarte.d oy
nitrogen dificiency. Consequently, it i.salso wasteful to apply
a large amount of fertili ze.r to a field where the. growth Ls
Limited by water de f í.cLt.; Therefore" growtli i.slimj::tedoy
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integrated stress index, involving temperature, radiatlon
nitrogen & water. The later is explained above. The other terms
are given as:

Radiati.on index: RI. = 1 -
1

-kR./Re 1 max with R = 750 ly/daymax
and

Temperature index:

R. = global solar radiation on day i,
1 ly/day

TI ~ = T2 + 2 T
1

where

topt = optimum temperature

(Crop N 1Nitrogen index: NIi = 1 - exp . w. i x MCNS)
1

where MCNS = biomass at the time of anthesis

To test and develop appropriate coefficients the data sets
required are presented below.

Minimum data setthátneedto becollected atthe
experimentalsite:

a) Crop factors:

• planting date
• duration of the crop, days
• main phenological events, days
• final grain yield, kg/ha
• final dry matter, kgjha
• dry matter at ma.í.n..phenological events, kgjha

l.'

b) Soil factors:

water holding capacity of the soil, mm
• initial soil moisture & fertility
• % clay content

c) Climatic factors:

1 dai1.y
I
i
I
!,
I

J

• precipitation, mm
'.open pan e vapoz-at.Lon ( lIU'O
_ gloBal solar radiat~on( lyJdayotemperature, C'

relative humidity, %
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integrated stress index, involving ternperature, radiatlon
nitrogen & water. The later is explained above. The other terrns
are given as:

Radiation index: RI. = 1 -
1

-kR./Re a, max with R = 750 ly/dayrnax
and

Temperature index:

R. = global solar radiation on day i,a, ly/day

TI. = T2 + 2 T
1

whe.re

topt = optirnum temperature

N· t . d NI 1 (Crop N. 1)1 rogen a.n ex: i = - exp . w-: 1 x MCNS
1

where MCNS = biornass at the time of anthesis

To test and develop appropriate coefficients the data sets
required are presented below.

Minirnum data setthátneedto becollected at the
experimentalsite:

a) Crop factors:

• planting date
• duration of the crop, days
• rnain phenological events, days
• final grain yield, kg/ha
• final dry rnatter, kgjha
• dry rnatter at ma í.n. phenological events, kg/ha

l.'

b) Soil factors:

water holding capacity of the soil, rnrn
• initial soil moisture & fertility
• % clay content

c) Climatic factors:

• precipitation, rnrn
• open pan evaporation ( mro
_ gloBal súlar õadiation, lYJday
,temperature, C'

relative h.umidity, %

dai'.ly
/
i
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d) Management factors:

fertilizer leveI .
. crop/cropping pattern
• population/spatial variation

3.4.2- Verificati.onand development of appropriate coefficients
throughf:teld experilnelitation:

In order to ãevelop appropriate coefficients for the models
discussed above it was proposed to conduct field experimentation
over few selected areas over the northeast Brazil. However, this
will commence only in 1984. Figures 35 & 36 depict the proposed
field lay out for the experimentation. For this purpose visited
the appropriate Institutions over the northeast Brazil and
initiated on the probable collaboration with ,'some..Institutions.
This venture involve multi-disciplinary team effort. At CPATSA
it was also initiated a multi-disciplinary team cOIlsists of
agronomist, physiologist, soil ac.í.errtí.sti. , irrigation scientist
and agrometeorologist. At majority of the places it is irrigated
experiment. during dry period of the year. However, at some
places where there 1S no irrigation facility the water stress
treatments are related to different dates af sawing during rainy
season. In the case of mode of i'rrigation, :tt is fert that the
most appropriate way is furrow i'rrigation. Tne Lí.ne+srouzce
procedure'is not suitable for many places including Petroli..na
(Bebedouro & Mandacaru) as' the wind spee.da are con sí.derab Ly

higher (> 10 km/hrl during dry periad and also horizontal
movement of water is px;sible'in-manyof t.he nor+heas t;Brazilfàn
soils and hence it will not be po ssLbLe to quantify the exact
stress that need to be related to relative yields.

The trip '.b!lJlOrtheastBrazil has given me, not on l.y the
oppertnmí.tyto neet.different scientistsbut,a~it;.twi±b the wealth of the
experimental information they had. This data can be used to
derive the basic coefficients at a first approxi-mation. r-twas
therefore, suggested to the scientists ,_to codify the data and

,
collect some of the missing environmental information for
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Fig. 36: Sub-plots-field lay-out of crqp-weather
modelling experiment (for dry.lmatter and
grain yield). I
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integration of such inforroation. To induce interest among the
scientists for better utilizing their data for the transfer oí
technology a test calculations were made8 usi.ng the data of
cOwpea/maize intercrop results*collected at Caatinga (CPATSA)
during 1981-1983. Figures 37-39 depict' the water balance
simulations using ICSWAB model (Reddy 1983e). Table 10 & 11
present' the yield response to stress under sole and intercrops.

. .
The potential yields derived through non-linear model agree
very closely with the observed potential yields.· 'Itu~s<! results
present only an example but not final results. The Figs. 37-39
suggest that the water use is not directly related to. th:e soil
moisture LeveL, The phenophase durat.í.ona.Ln the three years are
different for maize. ThE!se aifferenc:es: .are associated not only
with the differences in the temperature but also with the early
witndrawal of water application. The yield response is
different to stress at different growth s·tages (Table 11).
Therefore, the success àf. this venture depends upon tne careful
expe r-í.ment.at.Lon •

3.4.3- SimuTati.on us'i·ngenvironmentaldata; .

This aspect will cammence only after the finalization of the
modelo .This involves the following three stages:

1. Development of final forro of the model
2. Computerization af the model
3. Development of data Bank.

So, for +he prcgress is partial under development of data
Bank only.

4 • -IMPORTANT SUGGESTIONS AND/ORRKCOMMENDATIONS

• For achieving better re.sults it is very important that
the scientists and/or consultants should concentrate more
i.n the field of their expertise.

*These experiments were conducted solely by L.B. Morgado.
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Tab1e 10 Water use pattern and productivity at Caatinga during 1981-1983 under 'O' kg/ha of N.

**Entire growth (AE;E)i at growth stage i Grain yie1d, Average
cyc1e . kg/ha ti:Year Duration Tempe'rature Re1ative

AE AE/E* 1 2 3 4 Sole Inter- (days) (oC) humidity
( rnrn) crop (% )

a. Cow~

1981 290 0.74 0.92 0.65 0.63 0.85 867 301 76
1982 274 0.61 0.30 0.51 0.66 0.87 308 138 75
1983 340 0.72 0.46 0.74 0.71 0.83 766 402 77,

1:1. Maize

1981 523 0.65 0.84 0.66 0.86 0.37 946 315 141 22.9 60.7
1982 490 0.52 0.21 0.66 0.88 0.27 925 206 153 23.9 66.7
1983 514 0.59 0.54 0.76 0.74 0.21 1628 464 136 25.1 64.7

)

*AE/E --+ average of the entire growth cyc1e
** (AE/E) i -. average of growth stage i

#sOwing to harvest
Maize --ta growth stage 1 : planting to 18 days

2 : 19 to 64 days
3 · 65 to 103 days·4 · 104 to harvest·

gorwth stage 1 . planting to 11 days.
2 : 12 to 35 days
3 : '36 +o 55 days
4 : 56 to harvest

Cowpea -.
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Table 11 Yield response to stress at two growth stages of maize and cowpea under sole and
intercrop situations.

Linear model Non-linear model
Yield Crop Situation

y a b1 b2 a À1 À2(kgjha) (Yo'kg/ha)

y Cowpea Sole crop 1476.3 -678.2 536.2 1618.3 1288 0.90 3.00

Y/Yo Cowpea Sole crop -0.46 .36 1.096 1.0 0.90 3.00

Y Cowpea lntercrop 702.0 -447.15 4.41 1144.76 588.8 0.06 5.12

y/Yo Cowpea lntercrop -.637 .006 1.63 1.0 0.06 5.12

Y Maize Sole crop 3304.1 -3649.2 33.3 6920.0 5636_ 0.02 14.52

Y/Yo Maize Sole crop .•.1.104 .01 2.094 1.0 0.02 14.52

Y Maize lntercrop 1025.77 -1156.3 173.02 2009.05 1530.09 0.45 12.77

Y/Yo Maize lntercrop L127 .169 1.96 1.0 0.45 .12.77

y = a [1 - (1 -' (AE/E) i} 2 J ),1 non-linear model
r

y = a + b1 (AE/E) í. + b2 (AE/E) 2 linear model

lf (AE/E) i = 1 then y = Yo
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• Before any model is adopted to rrortheast Brazil it is very
important to test the moãel at least at few selected
locations under different c1imatic regimes .

• To achieve better agroclimatic classification it is
essential to work with daily or weekly data sets.
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- Meteorological elements - Their importance to crop
productlon - S.J. ReO-dy.

III Agrometeorology congress in Campinas.

Crop-weather modelling - a review (as applicable to
northeast Brazil) - S.J. Reddy.

- Climatic fluctuations and homogenization of northeast
Brazil - S.J. Reddy.

Classification of climate of northeast Brazil - a review -
S.J. Reddy.
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