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BACKGROUND

Agroclimatology is an applied s ci.en ce that r s concerned with the

relationships be tween weather and agricul tural production. Of the two se ts of

factors connected in the word agroclimatology, one se t , the meteorological, in

every b í t is as variable as the other, the agronomic. The variables in the two

fields are also similar in that they exist on aI I scales of space and time. i.e.,

nu cr o , local, regional and global. Application of agroclimatology becomes more

useful for understanding the dynarnics of agricultural production as a function

of weather and climate are better un der s tood ,

To ach i.eve th i.s objective, efforts will have to be made in the disciplines

of agriculture as well as in that of meteorology. ln the first case, one can

analyse the actual agri cultural process and identify limi ting f actors in the

production cycle. ln the second case, one can analyse the meteorological

condi r i ons of a region and calculate the potential productivity. A synthesis of

these two systems should strive to define the ag r.i cu l nur aI system that realises

th i.s production potential as much as possible.

ln the past the maí.n emphasis w as placed on agriculture and there by the

progress to date in agroclimatology is little. AIso, the past studies ln the

agroclimatology were mainly based on long term averages of monthly or annual

values. ln relation to short cycle of dryland crops month is too long a period.

Hence, the attributes derived from average monrh Ly , seasonal and annual rainfall

are of little practical applicability in the agricultural production studies.

They give only a broad outline but not the production Leve L and the associated

risks.

To understand the productivity and the associated risks, the studies must

be based on at least weekly data sets (if not daily); and for at least 25 years

to get meaningful statistics. Eventhough much of this data has been collected

for a nurnber of locations it has not been effectively utilized. There is one

major limitation in the use of data sets. That í s , considerable variation an

number and daily timing of observations on one hand and on the other hand no

uniforrn standard procedure was adopted in the processing of the data. Both in

terrns of method of recording and processing of data, they differ from
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*Tn te rn ati on a Ll.y accepted procedure as we LI as among the mse Ive s • Therefore, it

is important, first, to bring aIL this data to one common standard f r om (i.e.,

lnternational standard as stipulated by I-,TMO) , before it is used actually in

the analysis.

Keeping rhe se r n v i.ew , the following fi ve b road are as of rese arch r n the

field of agroclimatology were identified:

1) Agrometeorological data collection;

2) Agroclimatological data collection;

3) Agroc1imati c Classifi cat i.on s tudies ;

4) Soil-I-.'ater balance modelling studies; and

5) Crop-Weather model1ing studies.

While 1 & 2 deals with the standardization and computarization of both

ag r orre teorologi cal and agroclimatologi cal data whi ch are b asi c inputs for the

other three studies. The 3
rd

deals wi th the c1assification of the semi-arid

tropics into agronomically relevant homogeneous zones for the transfer of
th

Locat i on+spe cifi c dryland technology. The 4 de als wi th the verifi cation of

soil water balance models as applicable to northeast Brazilian stuation and
. rd ' th

characterization of the homogeneous zone s identified t.n the 3 s tudy . The 5

item presents the verification of crop-weather models as applicable to

northeast Brazilian Crops and simulation for the identification of areas

suitable for opt í.mumproduction of different crops--crop specific mode Ls,

Majority of tbese studies are computer based simulations.

ln addition to t.hes a there are several other areas thatneed to be

collaborated with agricultural scientists as and when required.

*The s tandard procedure of re cording temperature and re lati ve humidi ty are

to keep the four thermometers (maxí mum, mi.nimum, wet & dry bulb) in a -single

"Stevenson's Screen" and thermograph & hair hygrograph in a+doub Ie Stevenson's

Screen (he re dólib le means<t.w.i cethewi1:lth of s i.ngIe Stevens on 's Screen) . However,

at CPATSACenter, these six instruments along with Piche evaporimeter (whi ch

should be kept r.n a separate screen) were housed in one b i g screen and inturn

this screen is housed inside an another big screen. There by, the temperature

and relative humidity do not represent the true air temperature and relative

humidity. Few more such observations can be made with reference to non-recording

raingauge, pyranometer e t c ,
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L PROJECTTITLE: Agr omet.eoro Logi ca l data co11ection '(Agcl.' 1)

2. EXECUTINGINSTITUTE: CPATSA

3a. SUMMARY:

Standardization of ag rome t e or o l.ogi ca I data and p r ovi.de th í s information to

a11 the agricu1tura1 scientists. This wi11 also he1p in the standardization of

agroc1imatologica1 data. Suitab1e ways and means wi11 be evolved to fill the

data gaps.

3b. BACKGROUND:

Of the different environrrental f ac t ors that affect plant growth and

developrrent, meteorological, ones which man has little control, are very

important. Crop scientists require a record of day-to-day weather changes on

the experimental area during the crop growing season for the proper

interpretation of interactions of weather with different species of plants and

insects, pe s ts , and diseases. Records of daily weather observations are also

essential i) in building up suitable crop yield weather mode l.s ; ii) to monitor

changes in the soilmoisture & irrigation scheduling requirements etc. The

weather observatory, t.he re f ore , is an integral part of any biological research

station. Eventhough over the northeast Brazil there are a good number of

rreteorological observatories, only a very few are situated in the proximity of

the biological research stations.

There is an extensive data set collected over years for northeast Brazil.

However, they not only differ from international standards but among themselves

(Reis, 1978) in te rms of:

- number and dai ly timing of observations:

- instrumentation procedures; and

data s tandardizati on p roce dures .

Since the validity of agroclimatological research wi11 depend on the quality

and standardization of information, it is suggested that prior to their use í t lS

important to bring all this information to a common standard level. For this

purpose the agrometeorological observatories serve the best, where sirnultaneous

observations can be rnade under different systems and establish their

re lati orish i.ps •

The most important p ar arrete rs that need immediate attention are:
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- precipitate_íon;

- temperatur.::::-':: (rnaxi mum & mi.n í mum);

- pan evapor.-~ation; and

- global sol. _ar r adi.at i on ,

4. RESEARCHAREA:.3: Agrometeorologi cal-Observatory.

5. OBJECTIVES:

1. To es tab l::_ish agrometeorologi cal observatories at differen t rese arch

centres O-··Jvernortheast Brazil.

2. To inves t:' ':"gate the re lationships between meteorologi cal obsevations

recorded ::.:'y a variety of instruments currently being used in northeast

Brazi 1.

3. To deve lcr;:? s ui. tab le s tandardization procedures for agrome teorologi cal and

agroclimé.!" ::0logi cal dat a.

4. To sugges:-:: suitable methods for data gap filling.

5. To compi Le= the agrometeorological data in an appropriate formo

6. METHODOLOGY:

1. Visit di.f :erent agrometeorolcgical cen t re s fi.n northeast Brazil) and

agroclima.:-:.ological data bank eenters to assertain the basie differenees of

standardi:::::.ation procedures e t c ,

2. Based on :-::he above information simultaneous observations can be proposed

unde r dif :::erent standardization procedures at least at 5-6

agrometec~-::ologieal observatories over different seasons. Also based on the

requireme:-:- t; more agrometeorological observatories can be set up at

research --=enters that are of interest to CPATSA.

3. From this data set inte rre lationships among diffe ren t s tandardizati on

pr oce dure s can be established.

4. Based on :..nese re Lat i onsb ip s , f í r s t , the agrometeorological data of all

the centr"'='"s can be converted into one standard formo

5. ALs o , t.he standardized information can be compiled into an appropriate

f orm, by ?"illing the data gaps with appropriate proceàures (using

compu t.er s r >
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1. PROJECTTITLE: Agroclimatologi cal data colle ction '(Agel; 2)

2. EXECUTlNGlNSTlTUTE: CP ATSA

3b. BACKGROUND:

3a. SUMMARY:

A data bank will be set up to provide the basic agroclimatological data,

particularly p re cí p i t at í on , potential evapotranspiration or open pan

evaporation, glob a I solar radi ation and temperature (both maximum and minimum)

for the study of agroclimatic and Bio-agroclimatic classification of the semi-

arid northeast Brazi 1 into agronornically relevant homogeneous -zon-es and for

their characterization. Wherever measured data are not available particularly

í.n the case of potenti a I evapotranspi ration, global solar r adí. ati on and

temperature suitable metbods will be developed to estimate these parameters

for as many locations as there are precipitation data.

ln the past majority of the agricultural scientists used to f a l I b ack on the

simple meteorological elements like temperature and rainfall and often in terms

of monthly tot aLs and averages because these are readily available. Crops, of

course, are react to actual weather sequences and not to mean values.

Accordingly, progress in relating biological and meteorological events was s l oc .

Bourke (1968) states that "the s ad truth is that in these days it is normally

e as i e r to get financi aI sanction for complex and impressi ve ins trumentation

which are of little practical applicability an d are of mainly academic

interest than for the tedious and unspectacular drag of reducing and

interpreting the data". Eventhough plenty of valuable data were collected over

years with enormous efforts they are not properly utilized. With the advent of

modem computers it is essential to bring aI I this information into standardized

and easily accessable formo Once this goal is achieved it is easy for a

scientist to implement his ideas in solving the important agricultural problems

for which these data were and are being collected.

4. RESEARCHAREAS: Agroclimatology-data bank

5. OBJECTlVES:

1. To collect and standardize the daily or weekly precipitation records

for as many locations as possible in the northeast Brazil, at least for a

period of 25 - years for each location.
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2. To deve Lop suitab1e procedures and generate potentia1 evapotranspiration

or pau evaporation, global solar radiation and temperature for as many

locations as the precipitation net work.

6. METHODOLOGY:

1. Visit appropriate centers and acquire the agroc1imatic data of as many

Locat ions as possible on individual years basis, for the northeast

Brazi 1.

2. Based on the procedures deve Lope d r n Project 1, the agroc1imato1ogica1

data need to be s tan dar dí ze d ,

3. Using the open pan evaporation as the basis potential evapotranspiration

or pan evaporation data for the entire northeast Brazi 1 ne e d to be

deri vedo

4. Identification of suitab1e method and computation of global solar

radiation for the entire northeast Brazi1 need to be carriedout.

5. Using the existing net works data (after standardization) by

extrapo1ating through simp1e re gre s s i.on , temperature data ne e d to be

de r ive d for the entire northeast Brazil.

References:

1. Bourke, P .M.A. 1968. In troduction: the ai.ms of agrometeoro1ogy. In

Proc. Reading symp. on agrome teoro1ogi cal methods, Natural Resources

Res. N9 7, UNESCO, pp. 11-16.

8. SCIENTISTS:

9. LOCATIONS: CPATSACenter.

10. SI GNATURE:
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1. PROJECI' TITLE; Agroclimati c classifi cation 5 tudies "(Agcl :' 3)

2. EXECUTINGINSTITUTE: CPATSA

3a. SUMMARY:

Using the modified Thornthwaites approach first the semi-arid tropics

will be de:narcated. Using some of the procedures developed by Reddy, the

agroclimatic attributes will be derived using the data collected in Project 2

-- mí.nor modifications wí I I be made í.f needed to suit the northeast Brazilian

situatian. Using n urrer i ca I classification procedures along with these

attributes the northeast Brazil will be s~b-divided into agranomically relevant

homogenous zanes. These results wi I I be compared with similar situations in

India, Aust r al í a and West Africa for understanding the feasibility of transfer

of dryland te chnology.

3b. BACKGROUND:

The traditional cr ops , varieties and cropp~ng systems often do not make full

and efficient use of available soil and water resources. To improve this

situatian, new t.e chn i.q ue s for resource management which more effectively

conserve and utilize the rainfall and the soil, and the new crop production

systems whi ch increase the productivity and minimize the instability are to be

developed. By fitting certain agricultural operations to particular environments

yields can be increased substantially.

The research results of any given station are relevant not only to the

neighbounng are as , but to wi de Iy dispersed regions in the wor l d having similar

physical environrnent. This involves the establishment of guiding parameters for

the transfer of location - sp e ci f i c technology to other regions with the least

risk. Much of the envi ronmen tal information is an integral p art of the sys tem

where careful analysis can yie ld valuab le information about importan t hazards and

constraints (Nix, 1981). A logical step in this direction, is therefore, to

understand the climates of different regions and to classify them into

agronomi cally re lev ant homogenous zones.

Within the rather w i de range oÊ atmospheric con di t í ons , an infinite variety

of combinatians can appe ar. It is, the refore, natural to attempt grouping of

ki.ndre d climates to obtain a classification that will perrnit the establishment

of regional boundaries between are as of uniform climati c conditions. To bui Ld

up climatic categories is by no means an easy t ask , The best that can be
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achieved 1S a cl as s i Ei cat í on of climate for spe ci.f i c purposes rather than a

climatic taxonomy compar ab Le with that of p Lant s , Ln each case, another set of

limiting conditions will govern and henee the climatic classification of a

place will change with the objeetive towards which the elassification 1S

directed, the solution of specific problems of productivity demands the

formulation of speeifie criterion for each case (IRRl, 1974).

The thought of deliniating climatological regions originated alrnost

si-multaneosly with that of determining b i.oLogi ca l re gí ons , The need for a

holistic and systernatie approach to prob1ems of very complex systems s uch as

crop production systems h as long been .re cogn i s e d , But, until reeently

coneeptual and eornputational tools needed were not developed (Nix, 1981). Nix

(1968, 1979) has suggested three different, but not mutually exclusive,

approaches to prediet the sueeess of the transfer of site - specifie dryland

technology (Swindale, 1979). Among these the analogue transfer approach 1S a

better approach in the absence of systernatie erop-weather data sets. Ln this

approach areas analogous to the experimental si te are iden tified by soi 1 and or/

climatie classificatian. Although the analogue approach does not require any

detai Led unders tanding of funetional re lationships between se lected si te

attributes and erop response, greater the understanding and more relevant the

attributes, the better wi 11 be the classifieati on ,

4. RESEARCHAREAS: Agroclirnatology-Classifi eation

5. OBJECTIVES:

1. To demarcate the seIDÍ-arid tropies; and

2. To sub-divide the semi-arid tropics -('S'AT) Lnto agronomically relevant

homogeneous zones for the transfer of location - specific dryland

agricultural te chnology.

6. METHODOLOGY:

1. After reviewing diffe rent cl i.mati c elassifi cat í on approaches Reddy, found

-modified Thornthwaite 's approach as quite appropriate procedure for the

dernarcation of the SJI.T. Hence, using this approach along wi th the data of

as close network as possib le, the SAT boundary wi 11 be dernarcated.

2. After reviewing di ffe ren t agroclimati c app roaches, Reddy deve loped a

rnethod of computing agroclimati c attribu tes th at define the elirnati c
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limitations for the dryland agriculture. Using these derived attributes,

following numerical classification procedures the SAT can be sub-

di vide d into agronomi ca1ly re levant homogenous zones. These zones can

a1so be compared with the similar zones in India, West-Africa and

Australia to see the feasibility of transferring the proven 'dry l sn d

agri cultural te chn oLogy .

3. A survey need to be con du ct e d to collect agricultural production data to

interpret these zones.
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1. IRRI. 1974. An agroclimatic c l as s í f i cat í on for evaluating cropping
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4. Nix, R.A. 1981. Simp1ified simulation mode1s based on specified TTIlnlIDUm

data sets: the CROPEVALConcept. In application of Remate Sensing for

agricultural procuction forecasting, A. Berg, (Ed.), A.A. Balkernaj
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1. PROJECTTlTLE: Soil-Water balance modelling studies '(Age!'.' 4)

2. EXECUTINGINSTlTUTE: CPATSA

3a. SUMMARY:

Stage 1: Soil-water balance models will be verified us i.n g the data

collected over a few locations under fallow, weeds and different craps/

cropping patterns.

Stage 2: Using appropriate soil-water balance models and weather records

of langer period collected unde r project 2 computer simulations wi 11 be

carriedout to assess the optimum time for land preparatian, cultivation &

sowing; identification of crops/cropping pattern; and feasibility study of an

on farm tanks & supp lemen tal i rrigation s trategies for increasing the

procuctivity.

3a. BACKGROUND:

The major constraint for dryland agriculture ~n the semi-arid trapics lS

water. Due to the vagaries of climates, rainfall distribution is erratic and

dry spells and droughts of varying duration are frequento ln addition, mos t of

the pre cí pi t at i on occurs as high intensi ty s t.orms , so that a high proportion rnay

runoff or percolate beyond the roat zone. High evaporati ve dernand an d , in rnany

areas, shallow soils with limited water holding capacities amplify the

problems of dryland agriculture. The size and distribution of both water surplus

and water defi ci t are of gre at import ance in evaluating alternati ve water and

land rnanagernent systems for better crop production.

Water balance models provide a basis for evaluation of alternative water

and land rnanagernent sys tems th rough accounting of water surp lus and defi ci ts.

Estimates of soil water balance are useful in several ways for solving

agri cultural prob lems. For examp le (i) in the deve loprnent of agroclimati c

rnodels for establishing the length of cr op growing season. This allows a more

predictive approach to land rnanagernent problems by adjusting crops to climates,

and, at a given site, permits assessrnent of different fallow-crop strategies,

opt í mum time of sowing e t c , , (ii) in the development of yield forecasting

rnodels which can help in the interpretation of the considerable variability

of crap yields between seasons and re gi ons ; and (iii) the rnanitoring of

supplernental irrigation requirements and runoff modelling. AlI of these aspects

rnay be importan t for effi cien t managernen t of agri cultural producti on at a
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parti cular si te.

Reddy (1982) reviewed the literature and has developed a simple mode L

(ICSWAB) that has been found to work well over diverse climatic, soil and

cr op conditions. It computes evapotranspiration as a function of tiID2 using

the easily measurable meteorological p ar arret.e rs such as rainfall and p an

evaporation. The growth stage of a crop 1-S represented by coefficients that are

based on leaf area index (LAI) and percent light interception (LI). This pennits

the model to accout for the available water at different stages of crop

growth. Hawever, before actually adopting this model to the northeast Brazilian

situation; it is essentia1 to test and compute appropriate cr op growth stage

coeffi cien ts for the crops/ cropping patte rns of this re gion.

4. RESEARCHAREAS: Soi l-Water balance-characterization.

5. OBJECTIVES:

1. To verify the soi1-water balance models with reference to the northeast

Brazi 1.

2. To characterize the semi-arid tropical clirnates of northeast Brazil:

a) to identify optirnum time for land preparation, cultivation and

sowing;

b) to iden tify sui t ab le crops / cropping patterns; and

c) to study the economic feasibility of on farm tanks.

6. METHODOlDGY:

1. Soil-Water balance meas ure roent;s -

depths - 0-10, 10-20, 20-30, 30-45, 45-60, 60-90, 90-120, 120-150,

150-180 cms

crop condi ti ons - f a110w - dai ly up to 25 days

weeds - dai ly upto 25 days

crops/cropping patterns - weekly or at t en+day intervals from s owing to

harves t

seasons - Three to four

2. Crop measu remen ts -

leaf area index (LAI)

light interception (LI)

week1y or at ten-day interva1s

from gennination to harvest
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dry mat te r and graln yie lds

3. Ver i f i c at i on of the existing mode Ls with this information to use

unde r fallow, weeds and different crop/cropping patterns.

4. Characterization of the northeast Brazil through computer simulations

us i.n g the long period agroclimatic data collected in project 2.

References:

1. Reddy, S.J. 1982. A simple method of estimating the soil water balance.

Agric. Meteoro1., 27:
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L PROJECT TITLE: Crop-Heather rnode Tl i.ng studies --('AgCl:--5)

2. EXECUTINGINSTITUTE: CPATSA

Thr ough collaboration with agronornists and physiologists or breeders at

different centers in the northeast Brazil, basic agronornic data on growth and

development of different crops will be collected; and will be utilized to

verify or modify the existing crop-weather models. Using appropriate models

th rough compute r simulations using the long period agroclimati c data s uí.tab le

for different crops will be identified. This is a multi-disciplinary

collaborati ve s tudy.

3b. BACKGROUND:

Crop-weather modelling attempts to develop, combine and utilize the physical

laws that govern biological processes, and inherently they should be the most

effi cien t ID2 thods for ove rcoming the high si te factor cons train ts. Knowledge of

how the weather at a particular site affects crop performance during different

seasons is important for mo main reasons first it helps plant breeders to

choose cultivars suited for a given climate and second, it allows agronomists

and crop physiologists to understand how weather parameters affect crop growth,

development and yield so that they can suggest appropriate cropping patterns and

re lated managemen t practi ces. Despi te intensi ve research on individual componen ts

and processes, our understanding of the whole crop production system is sti 11

quite lirnited (Nix, 1981).

Majority of the existing models are either region - sp e cí f i c or crop-specific/

and or season - specific. Hence, their applicability un de r diverse s oi Lr-c Li mate>

crop con di t i ons is quite limited. For example, SORGF (A dynamic sorghum growth

and development) model of Arkin et a l . (1976) developed under s ub+h umi.d,

extra-tropical con di t.i ons found to be not valid without major modifications

under semi-arid conditions. This is f oun d still more complicated by the

divergent behaviour of different genotypes of the s ame crop to we at.he r (Reddy

et al , , 1982). Therefore, unless mechanisms of crop-w-eather interaction is

unders tood clearly, the empi ri cal equati ons bui lt on few experimental results

may not yield good dividends.However, a great many partial models of important

companents an d sub-systems have been developed.
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The 1ac.k of adequate knowledge of crop-weather interactions, and the

comp1exity of models í.mne dí at e l.y emphasize the need for interdisciplinary team-

work, s i.nce knowledge and insight gaí ne d f r om biological, physical, social

and economic disciplines are required,

The progress in this direetion will help in the verification or modification

of the existing partial rno de Ls and to synthesize these partial models to a

system that can be applied to northeast Brazilian situation to identify most

suitable areas for different erops/cropping pantterns.

4. RESERACHAREAS: Bio-agroelimatology-classification.

5. OBJECTlVES:

1. To verify or modify the exis ting erop-weather mode ls as app li eab le to

cxoçs af tbe uor tne as t Brazi L

2. To assess the potentiality of different crops/cropping patterns in trie
semi-aridnortheast Brazil using cr op-we arhe r model simulations.

6. METHODOLOGY:

1. Stage 1:

2, Stage 2:

I t is valuab le to eonvene a meeting of s cien tis ts from

different disciplines and institutions to discuss the

feasibility of multidisciplinary team-work.

Verification or modification of the erop-weather models - most

of the crop-weather models comprises of three parts, n ameLy :

phynological development vs temperature index;

- yield (both dry matter & grain) vs global solar radiation

index; and .

stess vs moisture index.

AlI t.he se information ara needed unde r diffe rent cr ops / cr opp i.ng

patterns of importanee to the northeast Brazil.

3. Once these mode ls are f in a l i zed , simulation s tudy can be carried out

using the long pe riod climatologi cal data by deve loping appropri ate

eomputer programs.

References;
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