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SUMMARY 

The paper presents the application of a computerized 

agroclimatic system to the study of sorghum production potential in 

the semi-arid tropic of Brazil. After a brief description of the sy~ 

tem, the resuIts obtained for a sampIe of counties are discussed. 

In particular, the paper illustrates the use of clusteri ng techniques 

in connection to agroclimatic zoning . The use of the system in rela 

tiort to complementary irrigation studies is also stressed. 

INTRODUCTION 

The work on agroclimatic modeling performed at EMBRAPA 

has evolved over a period of six years . During alI this time , the 

effort has been centered on the study of the semi-arid tropic o f 

Brazil. The main interest is at the farm levei; but, in order to se t 

meaningful pr iori ties for farming systems research, i t was found that 

some work at the county (municipality) leveI would be required. 
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Th e main obj e c t ives, at the county leve I, have b 0ee n 

the fol l owing : 

(1) t o assess mean p roduct ivity a nd best planting per iod f or sev~u] 

c r ops (mainly b ea n s , corn, sorghum, cotton a nd cowpe a) ; 

(2) to e stimate t h e amou nt o f e x c ess wat e r tha t , eve n tuall y , c ou l d 

he ava ilab l e t o t h e crops b y means o f non-trad itiona l i rrigl t i on 

tech niques. 

A s ubsta n tial pa r t o f th e cou n ty leveI studi e s i s 

pe rformed wi t h a c ompu t e riz e d a gioclima t i c s ystem. I n the n ex t sec 

tion , a n outline of t h e c ompu t e r s ys t em, in its p r ese n t f orm, wi.ll 

be gi ve n. It evolve d from a l a r ge p rogram to a s yste m o f progra rn s . 

Thi s give s fl e x i bil i t y to t he user, since the system c an oppe rate 

wi t h d i fferent fo rmulas to e stimate pot e ntial eva potra nsp i r ati o n , 

a nd t he user can choo s e a v a ri e t y of printouts or can pe r form hi s 

own a nalys is of ou t put values. 

The n, some of t he results obtained thro ugh the s y s 

tem wi l l be presented. They re fer to sorghum product i on po tenti a l i n 

32 c oun t ies of 8 states of the semi-arid tropic of Bra zil. 

Finally, some i ndications on fu t ure wo r k r e l a t e d t o 

s t udies of sorghum production potential will be presen t e d. 

81BRAPA'S COMPUTERIZED AGROCLIMATIC SYSTEM 

Ge neral descr i p ti o n 

The ma in c ompone nts of EMBRAPA's c omputerized a g r~ 

climat i c sys t em, in its present f orm , are p r e sen t ed in Fig . 1 . I n 

t he fo llowing, a bri e f d esc r i p ti o n o f t hese c omponent s is given . 

Temporary disk fil e s , u s e d to pa s s i nf o rma tion from one program t o 

another, are not shown i n Fig . 1. 
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Fig. 1. Er~BRAPA's computerized agroc limati c system . 

3 



4 

CLIMATIC DATA. A meteorological data base is under d eve lopment . A~ 

though most data a re kep t on tapes, the operation of the system 

starts from data placed in a disk file. 

~~:rD~TA~. Tni s is a program tha L r etr i eves the r~qu ired 1tJea th e r d u 

ta and puts them on a temporary disk fil ~ . 

~RE~~~. This nam e designates, in fact , a sma ll set of pro g ramsi 

they were developed to prepare the climatic data, i n order to makc 

easier their handling through the following steps . In par ticul ar , 

pote ntial evapotranspiration is ca l culated at this stage . 

~~TA~AL. This is a set of p rograms to analize the climatic dat a . 

'rhey are FORTRAN or SAS programs designed to perform, among oth rs , 

the following tasks : (a) to calculate descriptive statist ics (totals , 

means , standard deviations, medians, modes, etc.) i (b) to fit proe 

ability distributions and test goodness of fiti Cc) to apply clus 

ter analysis, and other classification techniques, 50 a s to group 

counties according to climatic data ("climatic zoning "). Any other 

climatic data analysis can be performed by writing the appropriote 

DATMJAL program and, eventually , a PREPAR program if no ne of the 

existing ones is sui table for the task . 

~~~EL . This is a set of simulation programs that perform a water 

balance and estimate productivity as a function of water stress. 

They use the climatic data passed by PREPAR and some other data 

given by the user. These last data refer to the crop and the soil , 

and also contain some control parameters (initial and final plan~ 

ing daYi length, in days , of the simulation step i etc.). In most 

applications, the simulation step is 5 days, 50 that the year is 

divid ed into 73 planting periods . Some of the programs print a 

reporti but, at present, a v e rsion that records the results is used 

more frequently. 
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SIMULATION. RESULTS. This is a permanent disk file that stores the 

results obtained from MODEL. In faet, along with the results, the 

user provided data ("OTHER DATA" in Fig. 1) and some station iden 

tification informations é'l.re also recorded by the mod e lo In thi s way , 

the user will be able to perform an}' analysi s of the r e~ul ts at n 

later time . 

. ~~TI2~'!:~~ This is a !Jrog ram that retrieves the required si lnJlation 

resul ts from the previous file and puts thcm on a ter:jJora ry disk 

file . 

. ~~~AN~. This is a set of programs designed to pe r forrn , arrong othe rs , 

the following tasks: (a) to prin t simula tion resul ts; (b) to apply 

cluster analysis, and other classification techniques, so as to 

group counties aecording to their estimated productivity or water 

performance with respect to the given erop ("agroclimatic zoning"). 

Comments 

The system is in eontinuous development along the 

following lines: (1) more climatic data are being recorded on tapes : 

(2) more programs are being added to the basie steps shown in Fig. 

1. 

Over the last years, it evolved from one program that 

prepared the data, run the water balance and printed the results , 

to the present situation. It can be said that the main concern has 

been on modularization, both at system and program levels. Each 

program of the system must be directed to a specific task: eac h 

routine of a program must be small (maximum of one printout page) 

and perform a simple funetion. 

The model runs a water balance for each planting 

period of each year for which rainfall data are available. The re 

sults are collected into simple statistics (frequeneies and means), 

which are recorded on the SIHULATION RESULTS file (Fig. 1). No 

rainfall probability distribution is used, since the model works 

with the original values. The only preparation required is a sum 



6 

of the climatic data (rainfall and evapotranspiration) corres:)onq 

ing to each period. 

One of the more useful aspects o f the systcm is tl~t 

i t records the simulat i on resul ts . In this way , the user can ap;:üy 

a ll sorts of numeric or g r Clphic tech niqu es to analyse til' r SU! :. , 

and this can be do ne at a n y time . This is !)"rticularly u s(·fu] 1;: i L , 

r e gard to t he zon ing w( r k , ",'here the s imula t ion r e sul ts f Oi" 0;0 \00 1 Oi ~ 

c ounties mu s t be joint 1y analjsed . 

SORGHUM PRODUCTION POTENTI AL IN THE SEMI - ARID 

TROPIC OF BRAZIL 

The c ompute r ized system has been appl ied to the study 

o f sorghum production potential in the semi-arid tropic o f Brazi1 . 

To illustrate the results, a set of 32 counties ha s been used. They 

f o'rm an inten t ional s ample, chosen 50 as to represent the di f ferent 

s t a t es and geographic c o ndit ions of the region. 

Agroclimatic zoning 

The model calculates a productivity inde x for each 

planting period in each year. This is a number between O and 1 , 

representing the quotient YA/YP (actual y ield divided by potential 

yield). At the end, the program calculates the mean index value for 

each planting period o ve r the simulation years . Working with a 

simula t ion step of 5 d ays , he model produces, for eac h county , a 

vector with 73 c omponents (the product iv ity indexes) which 

characterize the county (Fig . 2 ) . Similarly , the mod e l estim tes 

two o ther vectors of 73 com Jo nents i o ne of them gives the mean 

excess (run-off) water a nd th othe r t h e mean d eficit (potential 

minus actual e v apotranspiration ) , i n mi l limeters , for each planting 
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Fig. 3. Excess and defi cit for two counties, showing total1y different patterns. 
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t he 

vecto r s of product i vity ino exes for two given count ies C
1 

and C
2

, 

Let the ~ucl i dean tiistance belween C1 a nd C
2 

be defined as 

73 
.. 1 = ( ,) {o. . . 1 

i =1 

Having defin e d a distance on the set of countjes , 

d if f e r en t c1ustering techn iqu e s can be used in order to f ind mean 

ingful groups (c1usters) of counties (see , for instance , HARTIGAN 

1975, JARDINE and SIBSON 1971, SNEATH and SOKAL 1973). In this 

work, an algorithm develope d by GARAGORRY and PALMA (1 980), that 

vJorks under the SAS package, has been used. The algor i thm produces 

a set of clusters which minimizes the maximum diameter of the 

clusters (as usual, the diameter of a cluster is the maxirnurn dis 

tance between any two members of the cluster), The idea, of course, 

is'that the counties in each c1uster wi1l have similar productivity 

patterns. Working on the computer output of the c1ustering 

algorithrn, it is possible to identify clearly defined groups of 

counties. Table 1 gives a summary of the results obtained through 

the application of cluster analysis. 

Table 1. Results obtained by cluster analysis 

SORGHUM BEST PLANTING NUMBER OF 
CLUSTER PO'l'BN'l'IAL EPOCH COUNT IES 

1 HIGH JAN 3 
2 HIGH MID-APRjMID-JUN 9 
3 FAIR MID-JANjMID-MAR 7 
4 FAIR MID-APR/MID-JUN 6 
5 FAIR MID-OCTjMID-FEB 1 
6 POOR 6 

Clusters 2 and 4 constitute a sort of surprise , 

since there was no inforrna t i o n a bo ut sorghum planted around ~ay 
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This will certainly be the object of further research since, 

according to the model, in a large proportion of counties, some of 

them with very high estimated potencial, planting sho uld be done 

from April to June. 

Di ff e rent dis t ances betvJeen two c ounti.c s ",ere 

defined using the e x c e ss wa te r or the dcf icit v e cto r s , i n stead a í 

the producti vi ty ind e x vectors. In a lI cases, the r e sul ts oettüned 

through cluster analysis were consistent with the abov e pr~se'ltat ion. 

C~~nt~ _.!.eve~ _Eec<2.~enªa ti0l2.~ 

Zoning means classification or groupi ng. In this 

sense, computerizeo data analysis techniques can be hel pful to 

obtain a n initial classification. The final 20ning can be obtaine d 

by the combination of that classification with other a g roclimatic 

arguments. 

On the other hand, independently of the work on 

agroclirnatic 20ning, it is convenient to know specific results for 

each county. In particular, the best planting season, maximum 

estirnated productivity and maximum estirnated run-off can be printed 

for each county. This information is useful to farmers, extension 

agents and researchers. Table 2 gives a sample of the sort of 

county level. resul ts that can be obtained from the system. Productivity 

indexes are presented in 10% intervalsi the highest interval reached 

is used, in Table 2, to define the best planting season for each 

county. Estimated maximum run-off and the period when it occurs are 

also shown in Table 2. 
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Table 2 . Informati o n o n indiv idu a l c ounties , order ed b y sta t e s. (a ) 

COUNTY 

~_l ag~~~ 
Agua Branca 
Delmiro Go uv eia 
1\1a ta Grand e 
Palme i r a d os índios 
pão d e .1\çÚcar 
Pen edo (b) 
Piranhas 
Poço d a s Trinch e iras 
Santana d o I p an e ma 
Bahia 
Barre i ras 
Irecê 
Senhor do Bonfim 

- -------------------

MA.X li1UM PRODUCT1VITl' IN DEX 

PLl\NT I NG 

ç J TERVl\L 

l\PR l G- J U l0 9 80 - 9 0 
l\P R16 - l'-lA I 2 O 5 0 - 60 
1\11-\ I O 6 - MA I 2 5 9 0 -100 
APR21- JUN 14 9 0 -100 
APR1 1 - 7\ 1 2 5 6 0- 7 0 
!\P RO 1 - JUN 19 9 0 - 100 
APR2 6 - ~A I 1 0 6 0 - 7 0 
Ml\Ill-MAI20 80 - 90 
APR21-JUN 09 80 - 90 

OCT08-FEB 04 60- 70 
OCT18 - NOV21 40- 50 
/\PRII-MAI25 60 - 70 

(a) State s names ar e und e rli ned. 

AP R2l -l\P R25 30 3 
F E B 2 " - ' : .- R O 1 f. 3 
!-\P R 2 6 - '-', id O 4 2 0 
l\P R2 )- l\P R2 5 399 
I\PR21 - !\PR 2 5 ) 07 
AP R1 6 - APR20 5 68 
r ... PRll- ;-"PR1 5 59 
APR26 - l\PE 30 1 9 5 
APR21 - APR25 2 7 5 

OV07 - NO\11 301 
NOV12 - NOV1 6 1 3 3 
JAN 21-Jl\N 2 5 1 1 7 

--- - --

(b) Th is c ounty d oe s not belong to the SAT o f Brazil i i t was inc luded 
for c o mparison . 

In g e n e ral , a v e ry good a gre e ment was found b etw e n 

the estima t e s of the maximum productivit y inde x a nd the ma ximum 

excess water . But , in most c a ses , the period with max imum r un-o f f 

preceeds the mid-point of th e b e st planting inte rva l o This i ndica t es 

that it may not be appropriate to equate best planting per iod wi th 

period of maximum run-off, and that the use of a productivit y ind e x 

sho uld be encourag ed , although much more research is r e q u ired i n 

this area . 

Excess water s t udi e s 

A ma jor l i n e of r e search a t CPATSA (E lBRAPA ' s 

research center for the s emi-arid tro p i c ) is t h e u s e of e x c e ss wate r 

through non - tra d itional t cchniq ues , i n o rde r to provi d e comp1ementaD' 

irrigation at c r i t i c a I s t a g es o f t he cro p g rowth . The mo d e l estlliBte s 
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the mean excess water (run-off) for each planting period. Excess 

water, or run-o.:ff, is defined, in the model, as the amount of water 

that cannot b e held in the reservoir; the r efore, it refers both to 

surface run-off and deep inf i1 tration. For that reason , an appropriate 

technology to reta in and use most of the e>:ces s water es i a .c· ~ 

by the model may not be available. Neverthe1ess, t hos e values givc 

an idea about the potential to in troduce , into a given C O U Tl _he 

compl ementary irrigation technology already tested at CPATSA wi h 

very encouraging results. 

CO~CLUSIONS 

As stated before , EMBRAPA' 5 computerized agroc1.irné:ltic 

system is under cont inuous improvement. At the same time, several 

fi~ld experiments are being conducted, in order to estimate crop 

response to water and to study root development . 

Several computer experiments are required 50 as to 

know , in more detail, the mod e l sensitivity with regard to the 

following aspects: (1) changes i~ the crop coefficients (length of 

the phenological phases , productivity function coefficients , etc .); 

(2 ) changes in the crop-soi1 coefficients (root development). Also , 

different clustering techniques should be tested in relation to 

zoning studies . 

More importantly, the work with the agroclimati c 

model should be combined with the use of a more detailed sorgh um 

production model o This will be use fuI to obtain more insight with 

regard to sorghum production potential in those count ies that already 

show good prospect s with the present modelo 
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