AGENCY FOR INTERNATIONAL DEVELOPMENT

. WASHINGTON, D. C, 20523

BIBLIOGRAPHIC INPUT SHEET

FOR AID USE ONLY

OO07 X

O A. PRIMARY
1, SUBJECT Agriculture

AF10-0000~-G514

CLASSI-

FICATION B, SECONDARY

Meteorology and climatology-~Brazil

2, TITLE AND SUBTITLE

Water deficiences and needs for irrigation,Sao Francisco River Basin,Brazil

3, AUTHORI(S)
Hargreaves,G.H.

s

4, DOUMENT DATE

1972

5. NUMBER OF PAGES

78p.

6. ARC NUMBER

ARC

7. REFERENCE ORGANIZATION NAME AND ADDRESS

Utah State

8. SUPPLIMENTARY NOTES (Sponsoring Organization, Publishers, Availability)

9. ABSTRACT

s

.10, CONTROL NUMBER

11, PRICE OF DOCUMENT

PN-RAA- D21
12hz::§Hfrons 13, PROJECT NUMBER
Feegitiatm T R
iSAayo »Francisc‘:o ) 15, TYPE OF DOCUMENT
Irigatign -t

AID B00«1 (4+74)



PRELIMINARY DRAFT FOR OFFICIAL USE

WATER DEFICIENCIES AND NEEDS FOR IRRIGATION

- SAO FRANCISCO RIVER BASIN, BRAZIL

By
Utah State University - Agency for
International Development

Project WG-69

~ Contract AID/csd-2167

GEORGE H. HARGREAVES

‘Logan, Utah

September 1972



‘WATKER DEFICTENCIES AND NEEDS FOR IRRIGA TION

SAO FRANCISCO RIVER BASIN, -BRAZIL

Introduction

The Sao Francisqd River Basin comprising about 700, 000 square
‘kilometers is one of thé la;rge. and important river Basins 'of B‘razill (Fig-
ure 1). The Sao Francisco river is an important course of hydroelectric
péw.ér \-,vith a cu'rrent installed generating capacity of about 200, 000 kilo-
watts.,

Good quali
~area exceeding 1,000, 000 hectares. Unfortunately, however, the areas
of good soils are located upstream from future and developed power site.s.
The consumptive use of irrigation watérs results in direct reduction of
.power potentials. Therefore, careful analysis is required in order to
reduce excessive irrigation io a minimum.

Brazil is experiencing a rélp‘id-e‘xpan‘sic:m.fo‘f'._l:‘dofh ,ﬁopula_tidn aﬂd of
devélqpéd';evcondr_nic r‘es'ourc’e.s‘res‘:uli:i;lg'-i‘r»i:e;r'e"r-increa.sing. demands fq_;‘ :
new oppo»rtuniAt'iesy and new production in égriculture. | "

Most of the northeast of Brazil is characterized by a _shdrta‘.gjé"bf_* .
good agriclzultural lands and by an arid climate with frequent febécurreﬁce
of drouth. The Sé.o Francisco river basin provides one of the major
i)otential,agriculturai reéources of fhe nortﬁeast and could, if developed,

provide opportunities for large numbers of people living in the fringes
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of the economy of the northeast and’in many cases existing under ,cqh:dvi-
tions that make little or no economic contribution to the develvopx»nevntf’of
the country. A satisfactory rate of irrigation development Vinvfthe Sao

Francisco Basin could become a major source of new opportunity "i‘n:é._g'fin-,

culture.

Purpose of the Study

' This study is intended to sérve asa pfeliminary analysis of the Bra-
ziliar.l climatological data and to provide useful determinations of the adé-
quacy and/or deficiency of the precipitation fo‘r agricultural crops i;'x the
Sao Francisco Basin and adjacent areas. It is made from faily complete
climaﬁc data from fifty-six stations in and near the Sao Francisco basin
including one in Ma;‘anhao, one in Piaui, five in Paraiba, four in Pernam-
lguc-o, one in Alagaas, three in Sergipe, twelve in Bahia, and twenty-nine
‘in Minas Gerais. The data used were published by the Ministerio de
Agricultura, Escritorio de Meteorologia entitled, '"Normais Climatolo-
gicas,' and covers the period 1931-60. Class A pan evaporation data
are available for three of the fifty-six stations aﬂd for twenty-three ot}l"ier
locations. The evaporation data are unpublished but were made a&ail-

able by Hidroservice, Engenharia de Projetos Ltda., Sao Paulo, Brazil.

Limitations of the Data

These data are not as complete as would be desirable. _The -.a‘t,'t_x_dy_' "

" involves the estimation of potential evapotranspiration a‘ndvfhe’_'p’i‘bbabié_



dependable precipitation at the seventy-five percent level, or three years
out of four. Previous studies have shown that the best estimates of evap-
oration and potential evapotr"anspiration can be mad‘eWhe‘n complete cli-
matic data are: available including temperature (mean, maximum and
minimum), relative humidity, sunshine (hours of percentége possible),~
and mean wind velocity at a specified height above ground. Unfobrtuna.tely.
no wind velocity data are available and must therefore be assumed ox;
taken-as a mean yalue. ‘The relative humidity data are referenced to
Greenwich time and may not be completely comparable when consideration
is given to the va.ria.tions in the local times of' the measurements reported.
Since relative ihumidity values fluctuate through a wide range daily, the
hours of measurements are of some importance. The available data may
be evaluated and possibly refined by making a study of charts from hygro-
thermograph records to obtain the probable variations in the reported
values due to differences in local time.

Although not specifically stated, the evaporation data published by
the Ministerio de Agricultura are assumed to be Piche. Although many '
attempts have Qeerj mla,.de to correlate Piche e\faporationl with Class AV
pan evaporation data, no completely satisfactory relationships have been
developed. Piche évépora_tion is influenced to a much greater degree by
'changes in wind velbcity than in Class An pan eva.poration. Without the
Class A pa.n evaporatmn data. furnished by H1droserv1ce, it would be diffi-

cult to modlfy equatmns previously developed to best fit the country data, -



_ especially where it has been obtained in 2 somewhat different manner

or at different times during the day.

Definition of Terms

Actual Evapotranspiration, ETA, is the actual i;_sjg_’:'df‘.ﬁyéter;by agri-
cultural crops including direct evaporation from mo:stsoﬂsand wet
vegetation. It depends on the climate, the crop, fhe soil moisture sup-
ply, and the tixping and methods of irrigation. The climatic factors are
considered in the estimation of potential evapotranspiration. Crop fac-
tors include percentage of ground cover, height and total leaf Burface;.
ﬁvapotranspiraﬁon is limited by soil moisture availability within the root
- zone and by practices that reduce evaporation.

Potential Evapotranspiration, ETP, is the amount of water trans-~

pired from an actively growing short, green plant cover (usually grass)
wifh a full crop cover and a continuously adequate moisture supply. It

is considered to be dependent upon the climate and can be estimated from
climatic parameters, the most important of which are available incoming
radiation, temperature, relative humidity, and wind veiocity., The in-
coming radiation is related to the extraterrestrial ra.diatjon that reaches
tixe outer aimosphere, and the factore that influence its transmission
through the atmosphere such as thickness of the atmosphere as deter- |
"mined by elevation and the percentage of possible sunshine or cloudiness.
The energy available for évapot.ranspiration depends principally upon in-

coming radiation and energy transported through air mass transfer. -



Potential evapotranspifation depends largely upor ailable energy and
. _ "
upon conditions that influence vapor transfer. The climatic parameters

are not independent of each other but are interrelated in a complex man- '

ner.

Dependable Precipitation, PD, is the precipitation that has a speci-
fied probability of occurrence Eased on ﬁ.n analysis of long-time preci-
pitation records.- For irrigation development, a seventy-five percent
probaﬁili‘ty level, or the rainfall that may be expected to occur three years
out of four ye‘a-.rs, has heen selected as a reasonable value for most condi-
tions; For some crops or special conditions, a different probability
level may be more appropriate.

For this study the dependable precipitation on a seventy-five percent
level has been estimated from its approximate relationship to the mean

monthly precipitation from the equation

.PD= -5+ .16PM + , 0022 PM2 and _ (1)

PD = -85 + PM for PM greater than 191 mm (la)
in which

‘PM = the mean monthly precipitation in mm.

Equation 1 was developed by plotting the seventy-five percent prob-
ability of precipitation from a gamma analysis as a function of mean pre
cipitation. It is a best fit relationship for the precipitation data fqi' fif-

teen locations used in this study having long records. The précipiftafib‘r’_‘t



data are available from “Dados Pluvzometr:tcos Mensais in Na.tura,
Minter SUDENE, Departa.mento de Recursos Maturais, Divisao de
Hidrologia, Vol. I, II, I

- The reeu'lt.s from the gamma diétribution probability analysis are

given in Appendix A.

Moisture Availability Index, MAI, is the ratio of dependable precipi-

tation to the estimated potential evapotranspiration and can be defined as
MAI = PD/ETP o (2)

It is an index of the adequacy of precipitation for meeting the moisture
requirements for most agricultural crops. - The following classification

of precipitation deficiencies is proposed:

MAI Adequacy
0- 33 | Very deficient
. 34 - 67 " Moderately deficient
68 - 1 00 _ Somewhat deficient
1 01 - 1 33 Adequate
 1. 34vand above* 7 Excessive

Moisture Deficit, ETDF, is taken as the difference between the poten

tial evapotranspiration and the dependable precipitation. This difference
can be estimated from the climatic parameters. It is an index of the
irrigation requirement but must be considered along with other factors

such as effective precipitation and available soil moisture storage capacity



" The equation for the mo‘;st,u.f_e.’dé_.fiéit' or potential evapotranspiration-
deficit can be written:
ETDF = ETP - PD (3)

Effective Precipitation, PEF, is the precipitation that enters the |

soil and is retained within the root zone of the crop grown. It is depen-
dent upon the rainfall intensity and infiltration capacity of the soil, on
the type of vegetative cover, upon rooting depth of the crop or vegeta-
tion ar;d soil moisture retaining properties of the soil, primarily its
t.exture. Under some conditions nearly all of the precipitation is effc;c-
tive, and under other conditions much of the precipitation may run off
the surface or pass through the root zone and not be effective. Differ-
ences in management of adjacent fields including soil condition and crop
cover sometimes produce very large variations in the effectivéneslq of

précipitation.

Available Soil Moisture Storage Capacity is considered to be the
difference between the upper level of moisture that is retained by a well-
drained soil, or f_ield capacity, and the lower level at which Plants wilt,
or wilting percentage. Both of these indices can be estimated frbfn
physical tests on soils: the field capacity by the moisture equivalent
determined by a centrifuge test, or the .5 atmosphere percentage test,
and the wilting percentage by the plant technique, or the 15 atmosphere

percentage test. The available moisture storage capacity may also be



determined directly by field sampling and gravometric moisture _giete:r_'rﬁli# '
nations after an adequate irrigation as moisture is 'd'epleiv:ed;-uri'tvii' symp-
toms of wilting occur.

Climate, Evapotranspiration and Moisture Relationships

Potential evapotranspiration is determined by climate. The more .
important measured climatic factors are temperature and relative humid_-
ity. . Wind speed is of lessor importance but still significant. Unfortun-
ately,  wind data are not available. For this study wind velocities have
been estimated from precipitation data.

The equation used for estimating potential evapotranspiration can

ben written
ETP= .35 x RMM x CT x CHx CE 4)
in which

RMM = monthly extraterrestrial radiation expressed as equi-
valent evaporation by dividing the radiation (cal/ cm? /day’
by the heat of vaporization at the mean monthly tempera-

- ture, TM, and converting to app.ropria.te units, mm per

month (Table 1)

CT =.40+.024 x T™ (4a)
. . (TM = mean monthly temperature in °C)

6H Y e
CH  =.05+ 1.42 x (1. 00 - HM) (4b)

(HM = mean monthly relative humidity as a mean of
three readings at 1200, 1800 and 2400 hours mean_
Greenwich time expressed decimally; CH has a maxi-

" mum value of 1.00)



TABLE 1. EXTPATERRESTRfAL RADIATION IN MM PER MONTH AT 2S. DEGREES CENTIGRADE

SOUTH

LAT

l.
2.
e
4.

Se
6e
Te

8. .

9.

10.
11.
12.
13.
14.

IS.
i6.
17.
18.
19.

20.
21.
22 a
23.

24,

25.

JAN

474,
479,
usy,
uaa.

493,
437.
S01.
505.
509.

512.
S16.
519.
523.

529.
532.
53S.
5!7.
Sug.

542.
Suy,
S4b.
5u8.
S$S0.

552,

FESB

4ap.
ay2,
455,
au7,

450.
452,
454,
456
us58.

4 59.
462.
463,

UgS.

uss.
457,
4R8.

ugg.
469.
469,
qgg.

un8.

MAR

430.

49n..

491.
491.

491.
49M.
490.

491,

4 89,

488,
487.
QBG.
ust'o
4 84,

482.
483n.
4 79.
477.
u7u.

872

470.
467.
46%,
462

4 59.

- APR

458.
4s3.
451.

448,
445,
442,
439.
436.

QS-S.
429.
426.
422.
uis.

414,
“ 10.
406.
402.
397.

3a3.
388.
383.
379.
374,

363,

MAY

447,
442,
438,
433,

429,
azu.
g19.
414.
4 0%.

403.
398.
393.
387.

381.

376
370.
36%.
358.
352.

345,
734,

333.

326.
320.

313.

JUN

416.
811.
406«
401.

395.
390.
38“.
378.
373,

367
36l1.
3S55.
349,
343,

337.
3 %0.
324,
318.
311.

304.
291.
284,
277.

2.

MONTH

JUL

4 37.
427.
4 22.

417.
12.
QUG.
401.
395.

3 39.
384,
3 78.
372.
366

360.
353.
347,
3“0.
3.

327.
321.
3a7.
300«

293,

AUG

ag3.
459,
456,
452.

849,
u4s,
441.
437.
4 33,

428 .
424,
420.
415.
410.

h0S5.,
L00.
395.
23c.
385.

379%.
37,
368e.
362.
356.

3S0.

SEP

470.
4 69.
468.
467,

466,
465.
e3.
460.

458
456.
854,
452.
4 49,

QQ?.
4ua,
441.
438,
4 3%,

4 22.
429.
425.
422.
4 18.

41a,.

ocCY

49%.
492.
49,
436 .

497.
499.
50a.
501.
502

SN3.
505.
505.

S0S5.
S05.
505.
50u4.
504.

S03.
S0%.
5D2.
501.
499,

499,

 NOV

463.
467
471

479.
483.
486
489,

49.
499,
502.
50u.
507.

509.
511
513.
515.

S19.
521.
522.
523.
S24.

52R.

_DEC

469.
575,
480
485.

490.
494,
4 Q9.
503.
508.

512.
516.
520.
S2t .
528.

5135.
538.
541 .

547.
550.
553,
555.
558.

Shl.

ot



TABLE 1. EXTRATERRESTRIAL PADIATION

SOUTH

LAY

1.
r
3.

Se
6.
7.
8.
S.

10.
l1.
12.
13.
i8.

15.
16«
17.
18.
1S.

20«
21.
22.
23.
24.

25.

JAN

472
477
4R1.
486.

490.

49y,
439,
s03.
506.

S10.
514.
517.

520

523.

526
529.
532.
535a.
537.

542.
S4g.
546
5“7.

549,

FER

438.
44d.
443,
445

448,
45U.
4s2.
454,
4SS5.

457.
459.
460.
461l.
B6e2e

463,
4E4.
465a.

‘466.

466«

ug7.
467.
467
466.

456,

MAR

48R
488.
4R8.
483.

488.
438,
488
ue7.
087.

48he
485.
g 84.
483.

4 80.
478.
u-’G.
474,
u72.

47N,
468.
465.
462.

457.

APR

456.
454,
4S1.
449,

446.
443,
440,
437,
436,

431.
427.
424,
420.
416.

412.
L08.
40u.
400.
396.

391.
386
382
377.
372

367

MAY

4yg,
440.
4 36.
431.

427e.
422,
417,
412.
407.

407.

396..

391.

380.

378,
368.
362.
356.
350.

337.
331.
325.
318.

311

IN MM

JUN

414,
409S.
ugs.
399,

393,

3ag.
383.
377.

371

365
360.
IS,
Iu47.
341.

335.
329.
322
316.
31t.

303.
296.
290.
283,

2 69.

PER MONTH AT 20. DEGREES

MONTH
JutL

435.
4 30
425.
420.

415«
410«
404
399.
3 33.

388.
3 82.
376.
370.
364

358.
3“5-
339
3322.

326.
319.
312.
3U6a
2 9%

292.

AUG

Gfd.
457,
454.
ash.

ql‘7.
4u3a
439.
u35.
431.

426
422.
218
413
408.

403.
398.
393
388.
383.

377
372.
366
360.
355.

343

SEP

‘467,

466
465
“6“.
463.
46la

460.
1 58

456.
454,
4 52.
450
487

445,
4 42.
4 39.
4.
n33.

4 30.
427.
423«
416.

412.

ocT
488.
5 90.

4.
49%.

435,
496 .
498.
499.
500.

S0l
501.
502.
502.
s503.

503.
5G3.
502.
502.
502

501.
S50 .
4 939.
u%‘
497.

495 .

CENT IGRADE

NOV.

461.
465.
869.
873

877.
480
484.
487.
490.

4 93.
496.
4399,
502.
EQhe.

507.
509.
511.
513«
S15.

517.
518«
520.

S22l

527«

523.

DEC -

467.
Q72 .

477.
482

487
§92.
§97.

501e.
505«

‘510,

Slke.
S18.
522
525«
5 29.
532.

53

539.
542.

545.
S547.
550.
553.
5655

557

It



TABLE 1.
SOUTH

LAT JAN
"1 470
2. a"q.
3. 479,
4., 484,
S« 488,
6« 432.
Te 496.
8. 500.
9. 504.
10. S508.
il Sll.
12« 515.
13. S18.
14. 521
15. 524,
16. 527.
17. 53“. ’
JR. 532.
19. 535,
20. 537.
21. 6539.
22. 541,
23. 5“3.
. 240 - 5“5.
- 548,

25.

EXTRATERRESTRIAL RADIATIQN

FEB

u43S.
438.
441.

ug3,

445,
448,
450.
452.
4s53.

uss.
456.
458.
453.
460.

46l1.
462.
463.
3.
URy.

4Ku.,
4bu.
46Y4.
G464,
4ru,

CETIN

MAPR

485,

48k,
48S.
48fr.

U86.

48R,
4 85.
4 85.
usgu.

4 84,
483,
382
uan.

‘479,

478.
476
474,
u72.
47n,

468.
QGSI
463.
46N,
457.

455,

APR

4S4.
452.
449,
uy?.

4uq,
441.
438.
435,
432,

429.
42%5.
422.
418,
414,

411.
an7.
ane.
398.
394,

389.
385.
380.
3I75.
370.

365.

MaAY

442,
4 3R.
4 34,
429.

425.
420.
415.
410.
40%5.

400

389.
383.
378.

372.
366.
360,
I%4.
348,

336.
329.
323.

31N.

IN MK

JUN

4ize.
%07.
402
3197.

3q2O
386
381.
369.

364.
358.
352.
346.
340 .

334,
327.
321.
315.
308.

I02.
295.
Zz88.
282.
275.

268.

PER MONTH AT 1S. DEGREES

MONTH

JuL

033,
K 28.
4 23.
418.

413
438.
403.
397.
392.

386
3 80«
374,
368.
362.

356.
350.
344,
337.

3248,
318.
311.
304.
297.

291.

AUG

458e.
455,
4S52.
448.

a4y].
437.
§33.
429,

azu.
420,
416
411.
uos.

apl.
396.
391.
386.
38l.

376.
370.
3I6u.
35S.
353.

347.

SEP

465.
464.
463.

462
4 60N
4 99.
4S7.
456

452.
450.
3 ug.,
4 usS.,

443,
440.
4 37
4 3u.
L 3l.

4 28.
425,
421.
4 18.
414.

4 1p.

ocT
485.
4 87.

483,
49d1.

u a3,
494,
4395.
496,
497.

498 .
399,
500.
SG0.
500.

500.
50C .
500
S00.
499.

899.
498,
497,
Q%.
495,

4 9%,

CENT IGRADE

NOV

453 ..

463.
467
471

478 «
482
485.
488,

291.
439y,
497.
4 99%.
502.

S0u4.
507.
509.

511.

S12 .

51% .
S16.
517«
S18.
520.

521.

DEC

465
470.
475.

480

485,
890 .
499.
S{B.

507.

51l.

515.
S19.
$23.

526.

530.

533.
S36e
539.

Su2.
545.
S48.
550.

555.

e
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CW =.80+.028xW6 (4¢)
(W6 mean monthly wmd speed ‘at an.anemometer

“height of 3 mm m km/hr)
CE. =1.00+.00004 xEL & (4d)
(EL = elevatmn m meters) -
" The use of Gfe'ehQicﬁ time ‘rni_ay'creé.té; a problem with respect to

the use of the relative humidity data. A reading af 1200 hours Gfeé"nwich
time varies from 0843 to 0941 hours local sun time. At this timc; of day |
the humidity graph is changing rapidly, resulting in significant differences.
Probably by using da:iz from 24-hour hydrothermogré.phs. relation;hips
can be worked out for corrections for longitude (local sun time) and for
possible differences in the siénificance of measured values,

" Although wind data are not available, rain&r months are usually less
windy than dry periods. Exposufe conditions and relief have very signi-
.!ficaht effects uPon v./ind speeds. For this reason, wind velocity does not
correlate ﬁighly with other measured climatic parameters, It is believed,
however, that use of éstimated wind improveé the comprtation of potex;-.
tial evapotranspiration. Wind speeds at an anemometer height of six '

meters are therefore assumed as follows:

‘Monthly Precipitation " Wind at 6 mm in km /hr
Less than 50 mm E . 10,0 .

50 mm to 100 mm S 7.1

Greater than 100 mm L 5,0 -
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Pan Evaporation and Potential Kvapotranspiration

The relatidnship between Class A pén evap.oration and pot'ent"ia;l"'
evapotranspiration is not constant. Advection or high advec;tive CIZVOI‘Idi- ,
tions.cause a much larger increase in pan evaporation than in evapoi;'aﬁé’-
piration. A Class A pan locéted in irrigated surrounds is considered as
standardized. A pan located in a nearbydry area or non-irrigated area
may, during periods of fairly low humidity, evaporate up to one-thi:}'d or
more water than a pan located in an irrigated area.

Average Class A pan evaporation data for twenty-six locations 'arg
given in Table 2. These data may be used as an index of potential evapo-
transpiratiofx. However, considerable judgment is required in order to
give adequate consideration to differing advective conditions. During hot,
dry, windy weather the ratio of potential evapotranspiration to measured
‘pax} ev.aporation (ETP/EVPM) will be much lower than is the case during
- rainy periods when the surrounds approach irrigated area condiﬁons.
Also, proximity to the ocea.n sometimes results in advective cooling and
producing higher ratios of ETP/EVPM.

Based upon these considerations, the following relationships between

"ETP and EVPM are proposed:

Potential

Typical Area Season Evapotranspiration
Zona da Mata, near ocean Rainy - ETP = .85 x EVPM
Zona da Mata, general Rainy ETP = .80 x EVPM
Zona da Mata, near ocean Dry ETP = .75 x EVPM
Zona da Mata, general Dry ETP = .70 x EVPM
Certao and Interior Valley Rainy ETP = .80 x EVPM
Certao and Interior Valley Intermediate ETP = .75 x EVPM
Certao and Interior Valley Dry : ETP = .65 x EVPM



Table 2.

Class A Pan Evaporation - Northeast Brazil in mm (mean valtes)

Location s],lu:h ‘A{.S:gt Jan Feb Mar Apr May Jun ‘Jul A\fg Sep Oct - Nov Dec - Total
Parnaiba 02° 55 41947 262 221 185 181 185 1204 219 217 286 304 293 284 2831
Zedoca {Moncao) 032 14* 45°37 148 121 128 126 128 149 153 . 186 206 217 190 181 1233
Piripiri 040 177 41947 203 153 170 150 149 156 199 233 253 282 229 214 2301
Caxias 04~ 52' 43°21! 164 150 162 159 159 166 194 218 241 231 219 102 2225
Terezina 05° 05° 42° 49 184 148 157 129, 162 169 210 2426 278 278 240 212 2:13
Sao Felix 05° 56 42°%07 181 157 178 164 179 189 201 273 298 279 243 209 2551
Florania 06° 07 36° 49 285 210 230 178 177 168 206 292 28¢ 349 312 327 2023
Lima Campos 06° 25° 38° 58! 241 188 183 156 169 173 224 274 233 304 281 273 2749
Acude Itans 06° 29" 37° 04! 355 244 257 214 202 190 252 336 357 365 385 388 3545
Boa Esperanca Acude 06° 46" 439 38! 213 162 199 247 160 182 225 2656 271 178 209 168 2478
Floriano 06°€ 46 43°01 162 119 157 137 191 182 239 292 293 - 281 194 188 2435
Picos 07° 05' 41°28 205 161 156 159 193 222 256 z01 308 322 262 228 2773
Curemas 072 ol 37958 298 214 230 190 187 174 231 301 327 342 357 314 3165
Juazeiro do Norte O7° 12! 39919 218 171 184 161 174, 168 208 259 289 306 278 256 2672
Triunfo 07 50' 38° 07 ~ 200 165 178 143 131 117 132 170 189 208 226 237 2096
Sac Joao do Piaui 08: 22! 42° 15! 192 191 189 204 242 248 206 246 274 277 217 21R 2704
Cabrobo 08o 30 39°19 242 212 -201 ~ 158 154 148 173 224 269 283 279 273 2510
Petrolandia 09o 04! 38° 18" 243 202 216 164 134 130 135 180 209 271 259 242 2382
Juazeiro 090 25! 40° 30" 256 208 243 206 218 203 227 264 275 308 282 259 2919
Remanso 09 41' 42° 04 224 194 217 202 240 234 254 283 313 348 281 248 3038
Portu Real do Colegio 102 11! 3650 228 188 196 133 112 88 104 112 143 190 214 227 1935
Penedo IOO 17 36° 35! 190 158 159 115 125 102 128 114 122 163 179 181 1741
Monteiro 100 49 39°%34 249 237 196 149 135 123 143 181 216 263 269 277 2438
Monte Branco 13651' 40° 26¢ 244 228 211 190 181 129 - 135 185 233 274 288 258 2555
Jequie 13 52! 40° 05! 243 206 199 163 118 104 109 135 179 . 233 - 232 212 2133
Tres Marias 18° 12! 45° 16! 187 166 199 174 146 138 158. 190 230 213 220 199 2220

Source: Hidroservice; data collected by Sudene and Hidroservice.

St
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Potential Evapotranspiration from Climatic Data

Equation 4 was evaluated using the relationships between ETP and
EVPM given above., Subject to the limitations in the climatic data, it is
believed that this equation provides a satisfactory estimation of poten-
tial evapotranspiration. Potential evapotranspiration as estimated from
equation 4 is presented for the i"ifty-six locations in Table 3.

Table 3 also presents the available climatic data and estimation of
depéndable precipitation, PD; evapotranspiration deficit, ETDF'; and the
moisture availability index, MAI. Column headings for Table 3 are as

follows:

Column
Number Symbol Description

1 MO . Month of the year.

‘ ™ Mean monthly temperature in °c.

3 HM Mean monthly relative humidity expressed deci-
mally. o '

4 TD Mean monthly temperature difference in C (mean
maximum temperature minus mean minimum temp-
erature).

5 PREC Mean monthly precipitation in mm.

6 INS Insulation - monthly sunshine hours.

7 RMM Monthly extraterrestrial radiation for the latitude
and mean temperature expressed as equivalent mm

. of evaporation.

8 CT A monthly temperature coefficient (equation 4a).

9 CH A monthly humidity coefficient (equation 4b).

10 cw A monthly wind coefficient based on estimated

, wind (equation 4c).

11 - ETP Estimated potential evapotranspiration (equation 4).

12 PD Estimated dependable precipitation (equation 1),

13 ETDF Evapotranspiration deficit (equation 3)

14 MAI Moisture availability index (equation 2).
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Table 3. {Continueda)
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Table 3. (Continued)
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Table 3. (Continued)

872.779 UMBUZEIRO PARAIRA LAT 7 42 LUMG 35 42 ELEV 497
“n ™ HM TD PREC INS RMM cT = CH cw ETP PO ETOF Mal
1 23.9 .76 10.3 2S. . S03. .97 .78 1.08 147. “le 146 » (13
2 Zl&'-ﬂ -75 100 £ 03- Oe q Sqo ° 98 076 1008 1 29. 6. 123. oﬂS
-3 23.9 «77 Q.4 77« Ne 489. . 97 «73 1.00 124« 20. 104. e15
4 ?_'{:? .81 8.“ 105. G. uu”. oq‘; QSG -9'4 . 9‘!. 370 57. 039
S 272.1 - 86 7.3 137. ‘N 414. .93 «58 « 9% 75 5 8. 16 e 78
f 200-9 87 6.8 1s1. O. 379, « 9N 56 « 94 64 69 -5 1.07
7 20.2 «87 7.3 119. fle 4nl. .88 «57 9t . 68 . 4S. 23. «67
3 211« 2 -84 8.1t Q2. Ce 43h. « 8R b 2 1.00 85 ! 23. 62, . «27
Q 21?7 « 80 8.8 32 Na 461. - 91 «&8 l'.DS 110. 2e 108e. ‘o012
19 22.u - 75 9.9 19. Ne SONe. . qu «76 1.08 13. . Qe 13 =00
11 23.? «73 16«6 17 " Oe 4 R8. « 96 " <78 1.08 14l. De 141. «00
17 2‘.q -7“ 1”.“ ?1. no Sﬂl. 095 078 lol]‘! 1“5. U. lus. .DD
AVE  22.8 «79 8.9 69, Ne 4SE o .94 «69 1.02 110. 22a 88. = 29
 827.833 GAPANHUNS : P8CO _LAT 8 83 LONG 36 31 ELEVY 927
M0 ™ HM T 2 C InS RMM cT CH o] ETP PD ETDF  MAIX
1 21-9 <75 11. % 9. e 5107, «33 .76 1.08 139. Se 135. «03
?2 21.9° <76 112 S ile 456 33 oTU 1.n] 113. 10. 103. .03
3 ?loq «77 10.8 111. e 4y A8 & 033 «73 94 1120 40 72. .35
e 21.? «81 9. ¢ 134. De 435. .91 67 e Qu 9PN - S6e 3. o B2
S 1908 087 7-q 727244 0. ul]-,. '88 056 P4 68. 1390 -72. ZOns
6 18.R - 9N 7.1 231 ile 371. « 85 51 «94 55 146, -91. 2.67
7 17«8 «91 7«1 213. Ne I93%, « 83 48 .gu.' S8 . 128. -T8 . 2038
R 17.9 « 19 T 1SSe fle g4 3Ne «83 - e 52 «94 54 o 7 3. -9. 1.15
9 319.2 83 8.8 66 Oe 4S8, « 86 63 109 90 « 15. 75. 17
i ?20.6 «78 10.4 3ila e S - 89 «71 1.08 125. 2. 123. .01
11 215 .76 11.4 36 e de 491. .92 «75 1.18 132. 4. 128. «N3
12 22.0 .75 11.7 2. Ne SOF. .93 <76 108 181 = 5. 136. «03
AVE 2fl.u «R? 9.6/ 111. N, usu, .89 .65 1.42 9. 52 u7. -89

02 -



Table 3. (Continued)
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Tablé 3. (Continued)
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13|, 237. 6SS. 1.0 .71 .97 113. 74. za. .82

42
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Table 3. (Continued)
83.N196 ARACAJU
M0 ™ HM
1 26.5 .77
? 26.8 «77
3 269 .78
4 26.8 «79
5 25.u .81
£ 24.S - 30
7 23.R% <80
R 23.7 <78
9 24.5 <77
10 ?2S5.4 e 77
11 25.R .73
12 26.? «78
AVE 25.5 «78

83.195 ITARAT ANTNHA
) T™ HM
1 25.1 <77
2 25.u e77
'3 252 «79
u 24.5% «82
S 231 <86
[ 22« 0N «8287
7 21.? .88
R 21e2 .86
9 ?27e1 «83
1IN 23.u «81
11 24.8 .73
1?2 2S.0 .78

OREC

43.
45 .
107.
182 .
2683
177.
161.
1au.,
SY.
Sile
49,
38

104,

- PRPEC

2] a
ul.
q).
112.
JGila
116«
i3l.
R6 o
5.
53
72 «
S1.

3.

SER

INS

2% 3.
22 6.
22 4.
21 .
1 0'e
18 6.
179.
211.
214,
24 2.
268,

22 e
SEF

- INS
f’..

Je

Ne

fle
.
n.
n.
ita

fle

LAT 10 5%

PMM

S1lh.
461.
482 -
431.
399.
362
384.
42u.
uss.
SUu4.
499.
516.

453,

LONG 37

CH

«73
«73
72
«71)
«67
«69
«69
72
«73
«73
72
«71

71

LAT 11 17 LONG 37

RMM

517.
461
4 87.
428.
396.
359,
381.
421.
usy.
5n3.,
a99.
Sl".

452.

CT

l.dn
1.0

-1 U0

« 99
- qs
.93
« 91
.91
e 93
e 9F
« 99
1. 00

. 37

CH

«73
73
71
<65
.59
«57
«55
«59
Ry
67
.74
71

s ELEV

CW

1.08
1.08
ey !
«94
o9y
e 34
34
e 94
1.90
1.70
l.08
1.08

1.00

43 ELEV 225

C

1.08
1.08
1.00
.94 !
e
«93
o9y !
1.00
1.0n0
1.00°
1.03
130 .

«99

ETP

148,
13u.
121.
103.

89.

3

8] ..

ay .
97.
115.
130
138.

143,

€TP

145.
130.

115.

122..

9l .
73 .
R3.
63.
8J .
*B.
114.
122.
130

102 .

PD

B

Te .

37.
78.
178.
92.
78.
35.
10.
Be

4

45.

PD

Se

S.,

28.
41.
77
7.
S54.
25.
l1.
1 0.
18.

9.

27.

ETDF

142
127.
86 .
24 .
-89.

-11.

Oe
62 «
105.
121,
12%.
139.

70.

- ETOF

1&50.
125

94 .
S0

26.
10.
SS.
85.
104.
104,
122.

76 a

MAX

«Cl
=05
«31
«76
2.01
l.18
93
35
-9
«07
05
«03

«a9

MAT

»Cl
o
«23
« 845
1.05
«59
85
- 3].
1l
«08
15

-7

33



Table 3. (Continued)
83.097 PO OPRI A
MO ™™ H™
1 27.?7 <70

? 279 <70
I { 278 o771
4 268 «76
_Q 725.727 « 87
[ 23R -84
7 23N «84
R 72729 «83
9 2.3 «78
11 25.R «748
11 26.8 .71
12 274 .7n
AVE 25.7 «76
83.179 RARRS .
M0 ™ HM
1 7267 «RS
? 268 «h7
3 7?26.6 «58
4 P2fel «66
5 25%.% «hi
13 26.5 «5%
7  24.1 «53
] 2S.0N 48
g 277 «4H
in 2%.6 248
11 27.5% « R
4 ?2F. 0 «63
AVF 26 3% «59

T

175
11.9
11.9
12.5
14.2
1fa U
16. 5
1ha R
1%. 6
13.9
12.7
1.5

13.8

PREC

IV
24 o
47 .
AqU .
158.
123.
111.
R0
4 e
?S.
36 e
22 «

66

DOELC

19.
a3.
119.
€2«
16.
n.
l).
O
8.
2.
118.

Y

SER

INS

" fe
Oe
Ne
{le
0.
e
0.
D.
Je
Je
n.
Ne

Ve

BAHIA

INS

27 0.
251.
5 6.
27T 8.
22 %,
hu,
31 9.
.{?q.
728R.
28 Se
2uS8,
2u2.

2 1.

LAT 141 12
RMM CcT
S51lt. 1.05
461. 1.7
4 89. 1. 07
433, ) e
qU2. 1.0 °
3658. e 97
398. « 95
427 « 35
457. « 98
s0u. 1.0?
497, 1. 04
Sis. 1.6
4Su., 1.07
LAY 11 S
RPMM cT
817, P )
4602 la 4t
‘4 88 . 1.00
43, 1. U3
398. 1.01
361. - 99
3 R3., - 98
y2u,. 1.00
4S7. 1.5
S5 1.4
SUlle 1« UR
Si7. 1. 033
453, 1.4U3

LONG 3686

CH

.83
83
.81

.78
<GS
G2
.61
64
.71
77
.82
.82

«7T4
LONG 43

‘CH

.89
87
85
.88
94
1 .Dn
1.060
1.00
1.00
1.00
.95
.86

82

10

ELEY

Co

1.08
1.08
1.08
1.00
«93
« 94 !
.q.“ '
1.13
1003 *
1.08
108
1.08

1.03
ELEV

Cu

1.400
1.010
.q:‘ !
1.0
1.08
1.0n8
1.08
1.08
1.08
1.08
94
-

34

AN

169.
155.
161.
117 ..
87 -
72.
4.
9l .
121.
150.
16le.
170.

127 .
408

ETP

173.
1u3.
144,
138.
145.
137.
luu'
163.
185.
211.
159.
13,

15%.

" PD

2.
0.
7.

27.

75.

ug.

40.

22.
Se
.
4.
Ue

19.

PD

27.

29
4Se
13.
"Je
Ue
Ue
Q.
0.
e
4d.
66e

19.

.ETOF.

167.
155.

153.

D .
11.
28
.
69.

116

150.
157.
173.

108.

" ETDF

143.

120.

9% .

125.
145

1370

lauo
163.
185
209.
124,

B8«

143.

MAT -

<00
05
23
«66

-2
-Ca
00
«02
Nih

22

. MaX

16
.19

«31
10
.00

=00

«40
<0l
- 00
=01
«?b6

.u3

.12

e



Table 3. (Continued)

23. 339 CagETITE RAHIA LAT 14 & LONG 82 29 ELEV 872

MO ™ HM Ta  PREC INS PMM cT CH CW ETP -~ PD  ETDF -~ MAIL
1 22.0 . .77 1U.9 13u. 208. $2Se c93 o748 9 ! 12. 7 S56. 6F « «86

? 223 «76 11. 2 . 92 . 206. 463 -9 «75 100 117. 29. .. 89. o2l

T 27.4 e 77 10.8 127. 208. 4392 - U «73 «S% ! 112. - S1. 62 LY

4 21.6 «77 0.7 3. 20S. 417 .92 73 1.00 10le - 14. 87 14

5 20.8 75 11.1 19. 22 2. 379. . 89 «76 1.08 * 100. 0. 100. <00
6 19.2 73 "11. 5 1le. 221. 341. e 86 «78 1.09 90. Ue QD- .UD

7 1R.7 .71 12.1 12« 224, 363. - 85 81 1.08 98 . 0. ag. =00

R 1%.5 «FR6 13.2 itt. 26 2. 40R. . 87 «88 1.08 122. “De 122 =00

Q 21-6 «562 13.7 13. 2uu, 4 YyR . .q? 22 1.08 149 . Qe 149. 00
1N 272.8 <GS 13. 6 59, 22 5. SMit. « 95 «9N 1.00 155 12. 163, ‘o018
11 2?2.? <78 1i. 9 195. 16 4. 50F e .3 .77 .9 = 123. 100. 23. 61 .

12 '272.1 .78 1.4 154, 177. S27. « 93 .72 «93 : 120 80 40. 67

AVE 21.2 73 11.5 4. 215. 647, - «79 1.01 ° 117. 28. 83. - .24

" 8.498 - CARAVELAS BAHI® LAT 17 su LONG 39 15+ ELEV 4.

N0 T™ - HM TO . ®REC INS RMM cT CH . CW ETP - - PD " ETDF  MAL.

.1 - 25-5 .81 8.5 175. B L 537 1.1 67 .9  119. 43. ~ 70« el
7 75-7 «81 Q.l a7 . Ne’ g ARe 1.“2 67 lonﬂ ]120 31. E 800 " a28.

3 25.4  .8%: 8.4 123, T. 477 1.01 64 s394 : 101 98, - 3 «97

4 2u.S5 -84 7.3 218, Ge 4i3. « 99 62 e ! 82. 133.. =-Sle. 1.63

s ?7-q « 84 RBe s 1“1. . iJ. 35qo 095 .S o»q“ ! 59. 52. 70‘ .qu

&  21a7 .85 8.7 113. De 318. .32 .59 e 57 o 41. 16. T2

7 2u.R -84 8.5 119. Qe 3ul. . SN Rl - 94 62 o 4S.  16. .73

8 212 - 82 £.9 R]e. Ne 3%} 91 " a6S 1.00 80 . 22- .58 . «28
Q 22.2 .81 R. 6 Q8 ., Na 438, « 93 67 1.00 9B e 32.  bBu. «33 -
1M 2?35 <81 7.8 lua, Je SNY . - 9F <68 - 148 ble = Wb <53
]1 ?u.? -8'{ 7-7 7KQO ) l'l. :;15. .98 osu .qu 1|J7 o 15“. . -Q7. louu
17 ?%.n «82 7.6 176 e 5 39. .95 65 .93 . 103, ' 8Be. . 20. «78
CAVE  23.8 <R3 8.7 184, e uul. .95 Ny <95 T 92. §8. . 2. 75

§¢



.Table 3. (

83.076
MO TM
1 2u.6
?2 24.6
3. 2u.%
4 2u.5
& 23.4
K 1.9
7 ?1.S
R 272.%
q 2.9
10 26.3
11 2S5.5
12 25.8
"TAVE  2u.1

Continued)

IRIPETUR L -

HM

«73
7%
« 801
«78
« 74
<69
«65
&0
«58
«61
72
«78

«71

83.338  TLHEUS

2
2

DD NNANE 4NV -

T_ﬂ

259
2?61
ra- T

252

23R
?272.7
220N
22.0
23U
4.4
24.9
?2%.%

.83
.83
-84
.86
.86
.87
<86
« 84
.83
.83
-85
.aq

orau.

NN NSNDNNNNNNS
[ ]

™

13.2
12.8

12.2
13.5
15.0

‘ 19. 1t

20«1
?1.2
0.1
17.2
13. 7
12.8

16 U

a5 9 8 0 b s & 0 0 -l
U NS TN E LD (o)

[}
n

DPEC

145.
136.

73.
11.

1.
1.
l.
7.
53.
158,
198,

PREC

14S9.

1532
254,
2TN.
170
195.
19l.
13
a7 .
124.
188.
157«

174

BAHIR

INS

Ne

Ne

TN
O.
Me

e
s].
i1e
0.
Ue
Ue
De

Ne

RAHIA

INS

251.
21 8.
231.
21Ne
13 8.
22 e
21 7.
22 Te

2148,

LAT 11

DMM

S16e.
461.
487e.
429,
397.
36U
382
42723.
456
4 99,
S16.

453,

LAT 14 87

RMM

5292,
41R.
376a
337.
405.
uu7,
SU05.
SR,
531.

gu7. -

1 LONG B4 31 : ELEV
e CH )
- 99 72 94 !
« 99 « 70 9y !
« 998 088 «93
e 37 71 100
« 3R 77 i.N8
093 .8“ l.onn
.97 .89 1.08
-S4 «35 1.08

1.40 «97 1.08

1.03 «33 1.0

1. 01 <N ey

l.0P o771 « 3
- 98 «81 1.01

LONG 39 3 ELEV
CT CH Cu

1. d? <6l N

1.4U3 o6l « 8 .

1.412 «H1 %3 '

1.U0 «58 e
« 97 «583 - 94
294 «56 «9
« 93 «58 -S4
- 90 62 - 9u
e 96 6 1.008
e 39 +64 «93 !

1e4r eb 1) « 9

1.01 b 2 « 9%
99 «51 K

430

ETP

122.
107.
110.-
108.
118.
108.
121.
145.

170

172
135.
123.

128«

ay

ETP

11l4.
80 .
0 .
59.
Y .«
78.
95.

1US5.

101.

1L‘9.

S0 e

PD

49.
BU4.
58e

1.

n.
0.
0.
Qe
O.
14.
75.
113.

. 32..

PD

79.
16 9.
185.
BGe
11 3d.
1U6.
53.
31.
4 9.
103.
70.

92.

ETDF

73 .
43 .
S3e.
8S.
116,
108.
121.
145.
170.
163.
61.
9.

96

FTDF

46 «

"70.
‘105.
"160
’52.
-43,
25«
£S5
ST
-2‘
40}«

Mal
s
- 60

«52
17

<03

«03
=03
«00
<03
b
«55
2

.27

MAY

o719

1.70
231
123
1.88
1.67
oF8
«33
-5
1.2
o 64

1.11

92



Table 3. (Continued)
83.186 JaCcosINA
M0 ™ HM
1 753 «6R
? 2S.7 a7
3 ?q. z -Sq
4 2.3 73
S 2727 « 77
€& 2?16 77
7 2{l« R «78
3 23.0 69
10 246 -5
11 ?S-! 67
i V4 »75-1- «h7

‘az;dqu‘~,nourtiéauroff{'

€
) .

DN NNDE NN -

™

2?50
25«8
?5.1

2u.1

72720
21-1
20?2
21le S
273

4.7

- <7§0 3.

: :73-“ .

HM

-6 U
bl
.ab66
«71
«78
- 81
‘76
«70
«FU4
56U

oll

.71

- 10.3

lﬁfﬁf‘

12. 7

"13. 3

12. 4
11.3
1Mie D
908
Q.8
11.0
12. R

137

14.0
13.6

2.

PREC

Ri) -
T4 o
129.
q?.
73.
€.
7S
5S4 .
3.
=n.
111.

108.

T7 e

'3§EC6

5.

63,
70.
T2 .
3199
u8.
st.
'35,
16

15

TJ e
T1.

. Sl.

g AHIA

CINS

RAHIA
INS

.‘!10
n.
- UHe
Qe
e
e
Ne
e
Ue
"‘.
e

e

e’

LAT 11 11 LONG &0 31 . FLEV 470

RMM

S17.
46l.
487

429..

39%.
359.
381l
422
455,
SNu.
S17.

452

UAT 16 27 LNG 39

RVM

S14.
(L3 >34 I
g 88,
4 3l
400
363.
38%5.
425.
4Shae
S
497.
S1t4 .

45,

cT

te 01
1. 02
1.01
« 98
- 94
9?7
« 9N
«91
« 935
99
1.00
1.00

. 97

cT
1.01
1.a1

1. 06 -

o 9u
« 91
« 88
« 82
-« 94
. 92
1. 00
1. U1

e 96

CH

«86
86
<84
«79

W73

«73

T e72

«78
<85
«91
«87
«86

«81

CH
.9n.
" .91

.87
.81
«72
o7
«69
<75
£ 3
.91
.an

CHW
1.00
1.00

« 34
1.00
1.1M3
1.00
1.03
1.0
1.08
1.08

9% !

e 94

cw

1.00
1.08
1.00
1.4D
1.00
1.08
1% 06
1.N8
1. 08
1.N8
1.00
1.00

1.3

ETP

15%.

148 .

137.
118.
98 «

85 o

88 . -

105.
141.
172.
145.
150

123.

,512 _ “

167 .
163.
152
1224

95 .

9.

83.
110.
137.
qu.
1Fo e

13%.

5.

PD

22
19.
S2e
31.
19.
13.

" 19
~10.

3.

sg.
35.

22.

”1ﬂ-

b
17.
18.
14.

8.
1 0.
3.
tle
0.
17.

18+

‘bp

ETOF

137.

125

85.
. Bhe
79.
73.
68 «
%6 .

138..

1710,
106.
114.

107.

FTOF

157.

157.
135,
10u.

B8l ..

83.
73.

106. .

137
171.
1u42.

lug.

175.

" MAT-

.1a
o13
.38
.27
.19
.15
.22
-9
G2
.01
21
.24

18

 HAI )

«0o
«On
11
»15

«15

»1)8
«fi3
-00
=03

.11

11

o NE

LZ



Table 3. (Continued)

R83.279 ONDINA BAHTIA LAT 13 © LONG 38 31 FLEV 45
ug ™ HM TD POEC INS RMM cT CH C¥  ETP - PD ETDF MAT
1 2Re.? « 81 6.7, 76« 27 3. 523. 1. 03 «69 1.10 13  20. 110 15
? 26.6 «73  Ba.6 RS . 28 2. 464. 1. 00 «7N 1.00 118. 2. 9. 21
3 2hef « 80 b5 153. 24 3. 43k, 1.04 «69 294 ° 114, 71. 43 . «62
u 2611 «82 Se? t29] . 208. 423, 1.02 «b6S : « 9% 93. ?DG. '113. 2.22
S 24.9 «8%3 52 293, 12 6. . 387, 1.00 63 e 9% ¢ 80. 208. -12B. 2.59
& 2u.l «87 5«3 187. 197. 3 u9, .98 «65 «94 7. 1i02. -28. 1.38
7 233 «81 Ge?2 219, 127. 371. .95 66 -S4 78 « 124, -Uh o 1.60
8 23.3 - 80 Se & a7. 224. 414, 96 «h 9 1.C0 9% . 31e. 64 . 33
Q@ 23.9 « 80 - S5«9 R3. 22N, 451. . 97 <68 1.90 105. 24, 81l «22
10 24.8 .81 6e ) ©] e 2085, 51)5. 1e Ut 67 1.03 118. 28 A0 . «23
11 25.7? «8%3 fe 135. 22 2. 504 . 1. UG <Rl «94 © 107, 57. S1e. 53
12 25.7 -83 6.2 1n4, 2u 2. S24. l1.U2 N «94 ' 113. 3S. 8. «31
AYE 25,0 «81 5«9 150 22 5. 450, 1.00 «67 95 102. 78. 25 ..  «87
RZ.238 PARATINGA BAHIA LAT 12 41 LONG 43 11 : ELEV 6822
M0 ™ HM TR FREC IMS RMM cT -CH (o] ETP PD ETOF MAT
1 ?25.8. 72 12.1 1N7. 23 8. 572 1.07? 80N eS8 ' 142, 37. 105. «26
? ?25.7 «7? 12. 17 129. 2u 3. uGg3, 1.3? 80 «e91 ' 125, 52 73. o 2
I 258 «a73 11. 7 115. 21 9. 48k 1. 02 79 «9% ' 1730. 4 2. 88 « 32
4 25.9 «70 12«8 4n. ., 2h4. 426, 1.0 83 1.08 138. Se $133. o084
S 25.1 <63 18, 2 1le. 2% 1. 38S. 1. 0N «91 1.08  136. O 13. «00
= 4.0 «58 15« & () o 27 7. 3S1. - 99 37 1.08 - 1?29%. Do : 129. .onu
7T Zu8.% «57 15. A le 27 a. 373. - 98 «38 1.M8 133. Qe 139, «00
R ?2S.6 05.‘ 153 Ne nsS. 417. 1.1 1.00 1.01.18 167 O. 162. 000
9 27.8 «52 18,7 8a 2572. o Su., 1. 06 1.0 1.18 185. Qe 185. 00
1" ?8.3% <57 13.8 42. 26 7. 535 « 1.18 .98 1.068 2035 Ge 201. -03
11 26.u -58 11.8 149, 21 3. S04 1.U” 35 .94 148. 58. A0 . -6
L 1?2 2%eR « T4 11.1% 1€3. 224, 523. 1. 01 -78 .9 138. 71. 68 51

AVF. 25.9 R4 13.4 3. 257. 6S51. 1.0? .89  1.n2  1us. 23. 125. 17

82



"'I‘abieA 3. .(-Continuéd) ’
8?2.979 DEMANSN BAHIA
1o ™ HM TD PREC INS
1 27.5 «S1 14.7 2. Ne
7 27-% -5?. 1“.6 GS. ’ 0.
3 271 «51 182 1N8. "0
u 273 «51 1.7 35. D.
5 27.0 .54 15.1 10. N.
6 2R.0N -5 15. € le fle
7 25.f 50 15.8 1. Ne
g 260 <43 16. 1 e Ne
e 27.2 <46 15«3 4o U.
1In 28.3 o5 153 1. ‘N,
1Y 28.1 47 14. 6 78 . "MNe
12 27.5% <48 14.5 23, " Ne
AVE 27.1 <9 15.1 4l. "Ne
83.273 . SAG FCO DG CONDE = RAKIA
un ™. uM - TD  OPREC INS
1 25.7 <82 Q.1 77 n.
2 2R.0 .82 9.2 Ty, Ue
3 25.8 <34 8.5 139. Ne
g ?5.0N .27 7.4 7?78« n.
5§ 273.8 «83 Geh 799, Ne
5 230 .88 6e5 163 Ue
T 227 «83 B 6 216 . Ue
8 273 <87 7.3 113. e
9 23.?2 .85 79 ]G, Q.
lﬂ 24.2 84 8.8 89. ile
11 24.9 <83 Re7 135 11,
12 2S5e€ «33 Q.2 a2, Je
AVE ?“oz °8§ ‘Baii 143 . e

y

ELEV

CW

1.00

-1.00

e9% !
1.08
1.08
1.08
1.8

-1.08

4g

LAT 41 LONG 42
RMM CcT. CH
S12. 1.06 1.00
L ={g I 1. 0 1.00
4 89 1.05 1.00
4 35. 1.06 "~ 1.00
406« 1.05 1.00
369, 1. U2 1.00
392. 1.01 1.00
4 3. 1.07 1.00
4 60. 1.5 1.00
SOU « 1. 08 1 .01
496. 1.07 1.0
S512. 1.06 1.006
455. 1. U5 1.00
LAT 12 X7 LONG 318
RMM CT CH
S22. 1.02 +65
463. 1.02 «65
4 8b e 1. u2 oh1
424, 1.00 «57
3 89. « 97 «53
351. s 95 «53
373. e 93 «52
4lfFe. e 94 «55’
4S2. . 9F «S8
S04 . « 98" b 2
Si3. 1. 07 «63
5723. 1.1 65U
4§ She s I8 «59

1.00
1.M

1.04

ELEV

CW

1.00
1.03

« 34
«93 !
S
«91
1.0
1.80
«9% !
1.03

«35

511

ETP

193 .
173.
172.
176.
163.
1uS5.
153«
163
185.
219 .
189.
193 .

177.

.80

ETP

121.
108.
100,
9.
66 o
S9.
63 e
1.
28 .
107.
108,
120.

9.

PO

28e.
15.
38.

3.

e
G
e
Je
(1Y
Ue
21l.
Z29.

11.

PD | E

20.
1 9.
59.
14 3.
214.
73.
131.
9le.
27.
27.
57.
29.

70.

ETDF

165.
199.
134,
172,
163.
145
193
169.

186
- 209,

168,
164.

16Re

MAT

«15

08

o22.
a2

«00
«00
«00
«00
00
.DO
el1
15

U5

.17

.18

=59

1«80
T2
135
2.19
«58
«3D
24

«95

62



Table 3, (Continued)

83.248 SALVADOR BAHIA LAT 12 S7 LONG 38 30U ELEV 8

"0 ™ HM T0 PREC INS = RYM CcT CH Cw ETP PD ETDF MAT
1 26.0 «79 63 74 . 257, 523. 1. 02 o71 1.00 132. - 19. 113. o184
2 263 «78 " Held 78« 22 8. 4 68 1.0U3 71 1.030 119. 21. 98 « «18
I 263 - 80 Se.7 153. 221. 486 1.03 «69 «94 ° 11t B80. 3. «73
4 2?2S.R «82 a3 ?89%. 198. 423. 1.02 «b6S «9% ! 93 . 208 =117, 220
S 28.8 «82 4.9 798, 18 Jd. 387. 1.4t ok 5 94 82 « ?213. -131. 2.50
A 723%.18 «81 S.f? 193. 191. 349, « 937 «67 e 94 5. 108« -33. 1.45
7 ?3.0 - 81} 4.9 rayxs 18 7. 37N, e 95 8 «93 80, 121. -ul.. .82
R 279 79 S.0D 111. 21 1. 416. 95 71 e ! 9] .. 0. Sle. o it
9 21.‘; «80 505 5. 20?. uqlo .97 .F-(‘i I.UU 105. 25. 31. ' 023
1IN 24.5 <« 81] S.Fk a95. 231 54 « « 399 «69 1.00 120. 3. 9] . 25

- 2502 «R{1 Se 7 T4l 21 6. 5Ny . 1. 00 «68 T e 113 ble S2e. -S54

12 25.6 - 84} be?2 B 2ul. S724 . 1.01 «£9 1.09 128 32 96 « 25

AVE 24.R «80 Se 5 153 2146, 450. 1.0n <68 « 95 104. 80. 25. «87

R3.442 AGACUAT Moo LAT 16 51 LCNG 41 S9 ELEV 264

M0 ™ HM TG POEC INS RMM cT CH Cw ETP PD ‘ETDF MAT -
1 25.8 «75 13.7 146 e 53%. 1. 01 o786 «S4 ' 137. 6Se. 72« o s
? 76.1 Al 4.3 23, M. 468, l.u3 .81 1.m 137. 23. 1l1s. il
3 257 «73 13.56 7. B 479, 1.0? «79 1.00 13%e. 29. 107e. 21
) 24.3 «73 13.5 5Se ile 4d7. « 38 ‘o718 1.03 11l. i1l. 100. «10
S ?772-f <72 14. 6 11. Ne 364. .94 .81 1.08 106. 0. 106. =00
< 211 « 71} 15.9 Be n, 328 . « 91 283 1.08 93 « O. 93 .-’ pyeis)
7 2 ieQ eh7 15.9 Se Oe 47, « 30 «8 6 1-08 103. LIS 1“3" oﬂﬂ
a 2727 «63 17.1 3. tle 395. « 93 «92 1-n8 1 29 . Ue 12‘)0 onJ
q ?24.3 «59 1hel 17. 111 4yl. « 98 «36 1.8 158, Ue 158. «0d
1IN 25%.9 .59  14.1 63 1. S0S. 1.02 .96 1.00 175. 14. 161. .N§
11 251 72 12. 2 1583. 0. S13. 1. 0N «80 «34 ' 137 76. 6l. «Sh
12 2S5.1 «77 11.9 159. tle S 3R. l.un 7l .34 13 104. 28 . «70

AVE 0.1 e 9 ja. a9, tle 443, e 982 «83 1.02 13. 27. 103. e 20

(113



Table

83. 689
“0 ™
1 18.9
? 19.9
3 19.1
4 17.S
s 15.9
f 14.8
7 1u.n
A 1S.6
3 1.9
11 17.9
.11 1%.u
17 19.n
AVE 17.0
83.587
CT R
1 2728
2 779
T 223
q 721.1
5 191
A& 1R.0N
7 17.7
] 19.0 -
3 210.8
117 21.S
11 21.7
1?2 ?21.h
AVE

3. (Continued)

?2Ne7

RARSACENA

HM

81
.81
83
«83
«832
«81
«78
e 74
«75
«79
«81
-84

« 80

«75
« 70
« 76
- 74
«73
«7?
«67
«61
-63
«h13
« 78

R A | '

.72’

T HM

1

TC

9.9
10.1
9.5

9.€_

10.7
11.8
11.°7°
12.¢
11. 17
1ite U
9.9
9.0

1l 6

~PELO HORIZONTF

’ o
NN AMDE

DO 00D

1
11.2
121
11.5
10 0
9.1
Ra. U

4].".? .

opEC

237.
212.

186

Rl .
T1a
21.

13.

IQO
QS.
134.
?R9.

1?1.

" PREC .

768,
194,

- 185a

77«
22
1G.
D
9.
28
113.

215
. 354,

123.

M.Ge

INS

17%.
15 2.
17 Q.
16 6.
197,
1asS.
20 2.
21 9.
155.
149,
15N.
130.

172.
!.G.

INS

192.
1744
20S.
21 9.
2un.
25 7.
PAIETS
13 9.
182.
171.
142.

2:Ra

LAT 21 1S5

[MM

542 .
467.
467.
385.
33,
293.
31h.
369.
425.
5‘8.
Sufle

430.

RMM

Sule.
468.
g47t.
392.
344 .
303.
226.
377
413n,
502,
C17.
SuS.

435.

LONG 43 46

CcT

» 88
» 88
- 82
« 78
e 16
« 75
.17
« 31
- 83
- 84
« 86

« 827

ct
e 95
935
- Su
N
o 86
- 82
- 82
« 86
9N
. 92

.92
9?7

o I

CH

«67
N -y
«63
.66
oh7
o71
77
« 77
71
67
.63

«619

LAT 19 56 LONG u3

CH

.75
o177
.75
«77
.79
.81
.86
.93
.91
.84
CTR
.59

o8 1

5

-
o

ELEV

Cd

T e

« N
-S4
1.00
1.08
1.08
1.08
l.0R
1.00

« 94
e34 !

1.03
ELEV

Cw

9% !
e !
1.00
1.08
1.08
1.08

" 1.08

1.18
e91 !
]
« 34

1 -»l-..'D

11 26
ETP
139.
9a3.
88 .
3.
68 .
S%.
" 6h e
87 ..
35 .
100.

101e.
1M.

a7 .

915

ETP

131.
116.
113.
93 .
9 ..
800
gl.-
118.
138.
132.
126.
118.

113.

PO’

152.
127.

" 101.

14.
2%
0.
0.
U.

12.
56e
ivde.

204.

S

183.
1USe.
81l
21.
Oe
Ue
Oe
Je
4.
41.
130.
269.

70

ETOF

-42e
-3
“130
59.
68.
5%.
66 .
87.
- 8U.
ugy .

le

23.

;'ttﬁF37 ;

-53.

Te
31
78«
g1l .
80 .
-3
118.
13u.
.
-4
-157.

MAT

1.3%
136
1.15
«20
«03
00
'« 00
%10]

12

56
«92
2.02

«65

.60

«94
«72
«21
00
N3
«N0
=00
013
«31

1"'0 n3 -
2.29

«58

MAT

1€



‘Table 3. (Continued)

83.539 CONCEICAD DO MATY DEMTM.C. LAT 139 2 LONG 843 25 ELEVY 875

HM YD ©REC INS . RMM ct  CH cw ETP PD  ETODF MAT

MO ™™
1 229 =77 ‘1.2 ?R1. 18 7. 539. T ) 073 - 9% 125¢ 176. -SDO 1.'40
? ?7.8 «78 11-“ ?110 1500 467 s 95 .72 e98 108. 125- -190 1017
3 22723 «28 10. 8 193. 1fle. 473. e Ju «69 94 * 1du. 108 = -—-He. 1.06
& 20.6 «81 11.1 104 14 6. 39%. - 89 «68 94 81 <’ 36. us, -ty
S 18.0 «81 12. 4 7. 171. 349. - 84 «68 1.N8 17 o 4. 73« 05
5 16.8 - 80 4.0} 15. 170. 308. - 811 «69 1.18 66 « Ue 65« »00
7 16.u «73 1a. 11 1Se 17 5. 33e. 13 «72 1.08 T4 « Oe 4. «NJ
] 17-3 «73 160 8. 2) 8. 282. - 82 79 1.08 95 . O. 9. «00
9 19.6 «71 14. 7 uy . 18 9. 433. - 87 «82 1.GR 120. - Be 113. -05
It 21.n «73 12. 4 1al. 12 4. 502« e 9N’ «78 9% * 120« 2. 59. «51
11 . 21.8 « 77 1IN & 227, 17 4. S16. .32 78 «9% ' 118. 202. -33. 1.70
12 - 272.7 79 9.8 435, 12 4. 543, «933 «£9 « 94 119. 350 =231, 2.9u
A.,V.E._:z("’ 77 1208 Juba 15 8. 437, - 88 «73 1.00 i01. " 89 12 78
83,536 ©  CURVELO MeG. LAT 18 8¢ LONG ug 25 ELEV 502
MO - I TM ‘HM IO - PREC NS RUM cT CH CN ETP PO ETOF "RAI
1 2.1 - 79 11.7 235. tle S 39. - 9R + 70 e . 17u. 15de. ~26« 121
72 24.1 « 78 12.2 16U, Oe 468, « 98 «71 «+94 ° 110. Bl 29. 73
3 23.7 <81 11.9  1f3. Ne GTu. .97 <68 .91 * 105. 79. 25. .76
4 2272.? «78 13.3 R8e - e 392, 93 72 1.00 95. 16. 7S . 17
'] 2U0.1 «76 14« 8 19. e 35l - 88 o7 U 1.08 83 . Q. 89. e L
5 18.5% 74 16. N " Te 0. 311. .84 .78 1.08 3. G. 79. -00
7 1R« 3 172 16«5 . Se N. 333. e 34 «81 1.08 87 - Ue B7 e ".ﬂﬁ
R 19.8 «h7 17.2 e Ne 3Ry, : + 8R «87 l.ot'q 1130 ‘ Oe ]130 .UG
'Q. 72-“ OGG 15.9 .{So &l. ll'S':. .9? . 088 1.[18 138¢ 3. lxu. '.02
A0 2Teu «73 13.1 =~ 97, de 503. - 96 «78 1.00 13%. 31. 105. 23
1. ?23.S «73 11.7 1 Ut - Mo S15. e 96 o710 «3 " 117 1uSe - 12. «9C
: 17 23X -2 Ne7 717. e su3. « 3R «65 ey 115. 23 2. -117. 2.02

. AVE . 2j.9 <75  13.7 1na, tie G 3Be . 9% 75 1.0 109. 58. 51. «SD

2¢



Table 3.

83.538

$O ™
1 20.3

2 2fieS

3 21N

u 127

S 17.0

R 15.9
7 158.73

8 166

9 18«1
m 19.1
13} 19. 3
12 18.4
AVE 1873

.. 83574

Lo ™
1 4.5

? rd T

T Ju.u4
u 27«9

S ?11.8

6 19.4

7 19.6

3 ?21.39

q 235
1 4.5
11 8.6
12 28.S
AyF 279

(Continued)

DIAMANTI NG

HM

77
« 77
«79
« 84}
77
«73
67
«&8
73
«73
«83

«76

FouTaL

HM

.8‘1
.8()
<80
.75
.72
.70
<62
<55
‘qg
67
<73
.79

.71

TO
10.5
10. 8
11«2
12. 2
14.3
15.3
161
16. 7
4.8
13.1
11.9
1fta 7

13.72

PO EC

251.
170.
173.
117
K
12 .
S.
17 .
42.
112.
255.
IR3e

129.

rd-1: ¥
?38.

19S.

2% o
43.
7?5
11.
12.
S6 e
132.
?2M3.
7?54

127

M,Ge

INS

178.
181,
171«
207.
20 9.
2u 4
19 3.
16 he
i3a,
121.

1B4.
MeGe

INS
Ne
Ne
‘A,
Oe
(e
Je
O
Ne
e
e
Me
Ne

LAT 18 15

PMM

535.
466
474
399.
353.
313
336
386.
435.
502
S13.
5 3S.

4 3.

LAT 20

RMM

542.
uG8.
477
392.
344,
303.
325.
378.
431.
sn3.
s19.
547,

u35.

cY

- 89
- 89
« 85
- 81
« 73
e 77
« 83
« B8R
o 87

- 80

2

CcT

« 99
« 99
99
e 9N
. 87
« 87
« 93
- SF
- 99
« 99

- 95

LONG 43 36

CH

72
«?3
«70
<69
«73
«76
.7q
«87
.85
«79
o711
64

«75

LONG ¢8

_CH

k8
«68
«69
76
80N
«33
«92
1.0N
«96
87
78
«71

Sk

PD

8S.
89.

37..

3.
.
0.
0.
5.
81.
180.
278,

Tu.

ETDF

-47 e
20.
12.
u3.
B0«

T4 o
S1.

105.
117.
76«
-730
-1 76 e

26.

ELEV 563 .

ELEV 1261
Cu ETP
« 94 119.
9 10%.
-9 i0t.
94 ! 8l.
1.08 83
1.N8 4.
1.08 81 e
1.08 105
1'.08 123.
e 94 117 .
94 108
+ 34 103.
1.00 10n..
cv CETP .
o 123.
3 106«
e9% . 1i18.
1.0 101.
1.08 95 «
11.008 84 o
1.08 © 101.
1.08 135.
1.07 143,
94 146.
e 94 135.
Pk 130.
1.0 117 e

183+
114.

25.
6.
Oe
u.
n.

11.

54.

118.
16 %.

Tde

S ETDF

-070
-Se
D
AdMqMe.
84«
101
135.
132.
Q.
18 .
~4].

48 .

—6] e

MAI
l.4J

Rl
=88

MAT
1.5)
1.4

- 1%.05

«25
=05
«01
=00
'«0D
-08
37
o R7
1.31

58

13



" “Table 3.

83.439

un ™
1 22.
2 23.1
3 27.3
q ?21.2
S 19.5
£ 1°.t
7 18%.0
a 21.1
i 22.?
11 21.9
12 22.0

AVE “2n.q

' 83.53n  ITARIRA

T s
HONDNE WNY=: O

- p
N - D

AvVF

ST

2272
722

21.6
200N
18. 0
1612
1S.7
17.0
12.7
2.3
21.1
21?2

19.%

(Continued)

G2 A0 MOGOL

HM

«76
«75
«79
«73
77
7l
«68
«87
59
«78
- 840

75

HM

«78
«79
«81
.79
«78
.78
«72
«73
«75
«73
«82

To

123
11.7
11. 8
12.3
12. 9
14. 6
14.1
13.8
12.1
11.2

12.5

TO

11.0
ll.l
1N. 7
1. 3
11. ¢+

12.° -

13«1
14. %
12.7
1N. 9
9.9
Q.

11.°

ePEC

1R1.
117.
151.
f3.
2.
1l
9.
Eo
e
75 .
7275,
7276«

Q7.

SREC

773
192
I?Q.
qg.
?q‘
16
8.
il.
us,
1%,
7?7723
IS8.

125.

M. Ge

INS

Ge
O.
Qe
u.
MNe
Ne
e
n.
U
l’.
Ge

x’) [ ]

Mo

(]

INS
‘-J.
fie
[l.
Oe
de
I'.

ile
fla
n.
n.
n.

"

LAT 16 30

RMM

53%.
a6he
478.
407.
3I6R5.
325
3uUf.
395.
44ie.
5N .
S1ile.
5 35.

ay2.

LAT 19 37

RMM

Su43.
u67.
472
393.
345.
I0u.
327.
378
q31.
SM.
S1Ra
Syu,

435,

cT

« 95
-
-« 91
- 87
» 84
« 83
.SR
« 91
« 93
«93
« 93

-9

CcT

93
«9u
« 92
« 88
«83
e 79
o 17
.81
. 85
-39
« 91
- 31

« 87

LONG 42

CH

«75
«76
71
.7n
«71
74
«77
«85
«86
-84
72
«68

<78

LONG 43

CH

«71
71
«69
«68
e 7N
72
74
<8N
«79
<758
72
«65

«72

u7 ELEV

Cw

94
« 94
-1
1.00
1.08
1.N8
l1.08

1.1N8

1.08
1.10
e
e 9

13 ELEV

Cw

-3
e 94
)
1.0n0
108
1.08
1.08
1.08
l1.08

«94

e
-3

1.03

81s
ETP
128.
115.
108.
93.
88.
7°.
87
112.
135a
1u3.

115.
115

110.

826

ETP

122.
10%.

l101e.

84 .
T8
F8 .
73 .
95 .
113.
1iu.
11n.
10°.

e .

PO

78e.
44,
59.
284.
O
O.
Ue
0.
2.
20.
14 0.
191.

47.

PD

148.
1d7.
0.
30.
1.

L
0.
O
7.
39.
138.
273.

ETODF

SCe.
Tle.
38.
69.
8Ra
79.
87 «
112
133.
l 23.
-25.
"75.

62 «

ETOF

’25.

MAT

61
«38
« B4
«25
03
«03
03
-00
11
-1l4
1.22
1.65

o4l

MAY

le22
1.02
-89
«36
«f12
=00
=00

(10

o3
1.21
2.51

o bl

4>



Lfable 3. (Continued)
R3. 73S ITAJUBA
MO ™ HM
1 22? «79
?2 2720 -« 80
3 21.5. «79
4 19.5 «78
€ 169 «78
¢ 1573 « 76
7 15.1 «72
3 17.1 a67
9 19.1 «h17
10 20.5 «71
1 1 2 1 - 7 - 714
1?7 21.6 78
AVE 19. 7% «75

8 1. 38F JANUARTA

5]
2

.DNJ\_np‘,‘\)-A

™

251
?5.3
?25.2
4.6
2%.3
27.2
727.0
?23.4

76
25?7

L 24eT

S 28.u

HM

«79
«77
«78
« 76
72
«59
54
« 87
«57
«€ 3
«76
«81

«71

TOD

117
11.7
12.2
13.1
145
15. 4
162
17. 0
15.°2
13.3
12. 5

13.7

TR

w.7

1le1
lrj. g
11.7
13. 1}
14. 4
14 5
18.5
15.7
13.F
11?7
102

12.6

PREC

237.
228a
164 .

65 .

41..

M.
22«
?7.
'."7.

118

1508 o

252

118.

SREC

147,
1MNSa
103.
52 .
11.
1.
1.
1.
16.
87«
1FS.
?17.

73.

M.G.

INS

De
O
Qe
{le
tie
0.
ile
e
n.
g.

De

M.Ce

INS

22 7.
?18.
23 1.
22 5.
25S%.
251.
27 Se
28 1.
26t
21 5.
16 7.
174,

2310.

LAY 21 26 LONG a5 28
QMM CT CH
S44 . « 93 «70
468 « 93 68
467 . 97 <70
3R5. - 87 «e12
3\, .81 o712
297 « 17 Py X 1)
315. e 16 8N
368. « 81 86
4?25, - 86 «86
sQNe .89 <82
519. - 91 «77
549, . 9?7 «72
430e. e 86 «76
LAT 15 30 LCNG 84 21

QMM cT CH
S 3. 1.40 o7l
TR g 1.0l 74
481 1. a0 71
413 . - 99 715
372 -1 <80
333, 93 <814
355, « 93 .9n
4LuU2. .95 »98
446 . 1.01 <SR
Sfibe 1.0% «91
Sid. 100“ Py
533. « 92 .68
Lub e e 99 «R1

ELEV 840
CW ETP
) i21.
.- 101.
«9% ! 102.
1.00 87 .
1.08 75 «
1.08 65
1.08 75 e
1.08 101
1.00 113
e 124 .
e 94 12u.
-1 123.
1.4 i01.
ELEV 438
Cd ETP
- 126.
.94 116.
« 9 116.
1.00 109.
1.08 11G.
1.08 110.
1.08 115.
1.08 145.
1.08 171,
1.00 ‘169
«31 - 129.
M 123.
lonl 177.

_PD

152.
143.
80.
15.
Se
2e
O.
1.
16.
8 5.
81l.
16 7.

59.

PD

b6e
36.
35.
9.
Q.
0.
0.
Ue.
ﬂ.
11.
81l.
132.

31.

ETOF

-31.

-u3.
22 .
T2.
70.
£3.
75«

100.
8.
80
43.

-43.

42e

ETOF

S9%.

80«
8l.

100.
110.
1nc.
115.
1u5.
171.
158.

us e
-12.

B .

Ge



Table 3. (Continued)

83.687
MQ ™
1 ?1-.9
2 21.9
T 213
4. 13.%
S 16.9
€ 15.4
7 1S.4
B 17.4
9 19.1
1n 20«8
1Y 20.9
172 21.?
AVE 19.%
83.693
~0 T™
1 2S5.4
? 25.7
3 24.8
4 272.9
S ?0eR
S 19.%
7 191
R ?2NMe?
9 2l.6
M 22.7
1 23.F
12 2u.3
LAVE  22.R

LAVRAS
HM TOD
«82 11. 0
«83 11. 4
«B2 11. 4
« 80 12.5
- 81N 13.7
«72 14.5
« T4 15. 0
«68 1R3
71 14. %
«74 12.9
«77 11. %7
<83 v 3
«78 12.9
LEOPOLDTNA
HM TC
«78 1.2
«78 12. 1
« 84 11. 5
«83 - 1M.tt
« 80 11.8
«81 12.5
« 77 13- 1
74 18.1
«73 12. 4
« 76 11.1n
77 10.9
- 81} 10.F
«78 11..8

PREC

76L.
13,
175.
S8.
35.
20.

18.
S8
129.
2R8.

118.

PREC

rd i) s
1744
135.
68
I4.
’S.
14 .
17
83,
173.

159.

272«

116 e

MeGe

INS

1f 7.
158,
188
21.
20 8.
13 4.
21 9.
23R,
18 ?‘
17 5.
IG 2.
137.

1866

M. Ge

INS

16 5.
1 6.
1s81.
18 2.
17 9.
193.
1e9,
1?7,
113,
1?2 7.
12 4,

15 9.

LAT 21 14 LONG 45
RMM cT CH
543, .93 65

. 467 .93 <68
" 468 .91 65
385 " 86 .68
335. «81 «69
29 . . 77 «70
316. 77 o777
370. . 82 <85
425, . 86 .83
SO0 . 89 .78
519. e 90" 73
549, .91 63
431, « 86 72
LAT 21 32 LONG 32
RMM cY CH
Suf. ., 1.01 71
ugo, 1.2 72
4RR, 1. 3" «69
385. .95 .58
33, «9n .68
293. . 87 R 7
315. . 86 .73
362, .88 .78
T L «9? .78
501« .94 «75
521, .97 72
SS1. .98 <R A
53, . 94 e72

38

ELEV

Cu

e 9u
«94
« 93
1.00
1.08
1.08
1.08
1.08

1.00

e 98
94
«91

1.030

ELEV

Cu

« N
« 9
e 94
1.00
1.08
1.08
1.08
1.08
1.08
« 24
e
ay

1.0

8 42

ETP

110.
9.
9.,
R2.
73«
F2 «
73.

101.

110.

118.

115.

107.

95.

268

ETP

130.
118,
lﬂ7.
88«
78 .
55.
75.
97 .
117.
117.
121.
123,

103.

-PD

17Se.
1D 9.
'82.
12
3.
Ue
Oe
0.
12.
5 3.
80.
20 3.

62.

‘PD

116.
8q.
S7e
16.

ETOF

"85 [}

. s U

2
70.
RS,
62 .
73.

101.

98.
65 .
35 a
-96 .

ETOF

14 .
26 o
S3e
T2.
75.
65 .
78 L J
37.
11l1.
69 .
4Se.
‘65 -

MAT

«R9
79
«53
-18
«04
N1
«013
.c;a
«05
Ul
«63

1.53

¥4

9¢



Table 3.

83.5724
M0 ™
1 ?23.0
? 23.3
3 2722-8
4 21.5
< 1.0
& 17.7
T 177
3 201
q 22-5
i 23.4
11 23.1
172 23.1
AVE 21.5

A3.698  MURTAE

i
o

DPNNNE NN

™

75.5
?25.6
28.R
722.R
20.8
19.1
18.7
19.9
?21-6
23.N
73.7
24. %

. 27.8

(Continued)

MONTE ALEGRE DF MINAS M.CG.

HM

«81
«81
- 8101
« 7
«70
«71
Q‘:u
«71
« 82

«76

11!
«30
«81
.83
<83
.83
.81
e 77
«77
<77
.79
«82

« 8i)

. HM

T6

11.3
11.3
11. 8
12.9
141
15«5
16. 0
168
1S5
13. F
‘2.'\-
1N. 6

13-4

D

12 4
17.8
12.7
12.1
13."
4.6
4.8
16. 1
1u. N
12.0)
11.8
10.6

13. 42

DREC

237.
182«
1R85.
73«
36
11«
10.
Q.
44 o
120 «
157.
7231l

. 1N%.

PREC

? 3l
TRy,
135.
79.
7.
31.
19.
13.
S4 .
172
191.

. 2P% .

115.

INS

b

e
n.
Qe
n~.
Ne
n.
lie
Ne
t]a
e
Ne
n.

MeGe

L AT 18 52
RMM cT
S 39. s 96
QS7. .%
a4, .95
397. « 92
IS0 - 87
310« « 82
333, e 82
38‘;. .88
435, s Su
50%. . 96
S1fe e 35
543, e 95
4 38. .92

LAY 21 8
RMNM CcT
545, 1. 01
4 69. 1.01
469, 1. 4dn
387. « 95
337 o 911
29%5. « 86
318. « 85
371. . 88
427, .92
SUuZe. « 95
RS20« e 97
S8l . « 98
432, . QU

LONG 48

CH

«67
<66
«67
«69
«73
«75
«81

«310-

«932
.81
«70
«65

«75
LONG 42

CH

.69
<69
67
.63
63
.67
«73
74
<73
.70

«68

]2

'y .

22 .

ELEV

Cu

"o 94
T
.94
110
1.08
lsns
1.08

1.08

1.08

e 94
3%
« 9%

1.00

CuW

.
.94
-

1.00

1.08

1.08

1.08

1.08

1.00
-
.U
.9

ELEV

756

ETP

118.
100.
102.
9.
86 «
75«
87 «
119.
145«
133,
117 .
115.

107

2ud

ETP

127.
102.
103.
82.
73 .
F2 e
69 «
9.
115.
118.
117.

97 .

PD

152
97.
100.
18.
4.
Jde
O«
Ce.
6e
50
83.
146.

5S5.

PD

145.
9 9.
57
21.
u.
2e
O.
0‘
10.
48.
1U6.
20 Je

58.

"ETDF

-3e.
3.
2e

72 «
82.
75 .
87«

119.

140

R2.
3.
-32.

S2.

MAT

1.29
.97
«98 -

«2)
W04
=00
.00
.00
‘o (il
«38
«T2
1.28

« U9

«91
55
20
05
«03
« 0D
‘.nu
«13
ot
«91
1.71

51

Le



Table 5. (Contmuea)
83.637 QLIVEIRA
MO - TH HM

1 21.7. <78

? 21.6 .78

3 21en <79

] 197 76

s 18.0N 72

(] 16.1 «71

7 1S5.R% 67

3 17.8 «RU

9 19.? -65

m 2.3 .71

11 2lis 0 « 75

12 2n.7 <80

AVF  19.3 <73
B2.479 PARACATU.

“e ™ HM

1 236 «76

2 23%.u .77

T 233 «77

4 272.4 <74

S 20.1 « 72

& 18.7 «7?

7 1R.8 <63

2 2{1.8 55

aQa 23.? <65

1IN 24.? «F R

1 23.u .78

12 22.9 <81

AyF «7?

T0

11.0

. 110

11.1
11. €
12. 9
12.2
13.3
14.7
133
12.1
111
10. 2

12-1

TD

1.7
11.7
11.9
13.8
16.1
172
17.F
17.’
163
13..7
‘liq
M. 7

POEC

?73.
217
189.
T2«
23.
18.
13.
1S5.
1211
13%e.
212«
378,

12S.

PREC

S02 .
439,
278,
171
2.
726 o
3.
4a
52«
19 .
6n38,
.qc-a.

23R,

MeGa

INS

t].
0.
e
"._
e
Je
" Ne
fle
Ne
‘].
" {le
de

Te
M, Ge

IMS

181.
161.
188.
207.
219,
26 1.
72U 6.
16 S.
15 9.
18 1.
122.

124,

LAT 20 41

RMM

S42.
467,
469.
388.
339.
297.
32N,
373.
427.
SMe.
S518.
S47.

432.

LAT 17 13

. RMM

S3e.
467
477.
40Se.
36l.
321
397,
4u4n,
50’4.
513.
538.

qul.

LONG 44
cY CH
.92 «72
.92 71
.gn .70
« 87 75
8% <80
.79 81
.78 87
.82 <94
« 86 31
. 89 «82
.39 -
9N .68
.86 79

"LONG 46
cT CH
e 97 «15
.96 74
« 96 .74
.34 «77
. 88 . .80
« 85 «R1
« 85 <84
. 9N <89
. 96 819
.gq .as
. 9% .75
« 95 67
«92 «79

43

ELEV

Cu

a9
9% .
1.00
1.08
1.U8
1.08
1.08
1.00
«9% !
«9

CH

94
«9 !
«93 !
94
1.08
1.08
1.08
1.08
1.70
«94 '
93 !
93 !

99

362

ETP

123.

10u.
102.
R .
88 .
75 .
85.
113.
120.
124 .
123.
114.

105.

ETP

131
112.
114.
9.
Se,
85.
95 .
122
135.
143,
126
115.

115.

PO

185.
132.
104 .
18.
0.
O.
0.
0.
13.
57.
127.
24 3.

73

PD

41 7.
354.
24 3.
87.
2.
l.
G
Oe
9.
111.
35 3.
€73.

17 9.

ETDF

"62 -
-28 [

L
88.
75«
85
113.
107.
68

-1 29. ‘

32.

ETOF

'2 86
-242.
-129.
12.
97.
a6,
qs.
122
126.
32«
-227.
-4 S8,

‘.85.

MAT

1.51
1.27
1.02
«20
«00
« {3
(D
00
«1lU
1.05
2.13

«B5

MAY

3.19
3.16
213
03
«C1
«0J

- o007

«78
2.81
4.97

1.53

8¢



Table 3.

8% 737 DASSA QUATRO
" ™ HM TD .
1 21.3 «79 10. R
7 7‘-7—' «79 10.‘]
T 2N.S « 80 11.3
g 18.7% «79 11.9
g -1Se7 <78 13.8
£ 14.0 .78 15.2
7 13.u4 «74 165
R 1Sen «71 16. 9
a 17.u I AN 15.7
19 19.0 - .74 52.1
11 19.8 «75 11.3
17 201.7% « 81l 9.9
AVE 18.n «76 13. 0
B2, 393 PEFDRA AZUL
va CTM U HM TD
1 28.3 .72 1. 6
? 24.8 .71 n.a
3 24.1 .73 1N.3
2 27.9 .76 9.9
S '?ll-q 783 11.1
& 19.4 .78 12.1
7 1R.7 «78 11-.9
8 19.18 <76 11.7
9 21.A «7%3 11.7
1IN 233 <71 1fi. 9
11 23.?2 -73 1Mla s
12 2%.6 «74 9. 12
AVE 27.?2 .74 ir.a

{Continued)

PREC

?257.
226«
166«
58.
u?.
?7.
14 .
21.
3.
110.
174.
258.

1%20.

PREC

175,

117
a.
78.
2L .
3.
11.
22

T R4,

716«

2u2.

9,

M.G.

INS

16 2.
146 2.
177.
18 4.
19 6.
19 7.
22 0.
224 .
17 3.
171.
16 7.
1an,

18 0.

INS

13 5.
181.
186.
151.
1t 1.
lq?.
1S u.
18 3.
179.
15.9.
13 4.
Tl G,

1f U,

LAT 22 23

PMM

S4S.
467.
464.
380.
327.
285.
308
362
u2le.
4 9R,
551

427,

‘LAT 16 D

RVMM

532
46he.
481,
410«
368.
32%9.
3S51.
39R.
S11.
53.

B4y,

CT

-3
N

« 89.

- 86
«78
« 78
s 72
o TF
- 82
- 86
- 88
e 89

« 83

cT

« 98
«S¢
- 98
e 35
« 9N
« B7
« 85
- 8R
32
. 95
e 96

- 93

LONG 84

CH

<71
«71
«59
«71
«72
« 72
77
«81
«82
77
«69

.74

LONG &1

CH

«80
«81
«79

«75 -

17
o172
«71
«75
«78
81
«78
«.78

77

58 ELEV

cu

«Su
a4
« 94
1.00
1.08
1.08
1008
1.08
1.00
e S4
.qq
94

92n

ETP

118.
102.
97 .
82 .
71 ..
59 .
67

87 « -

102
112.
116.
116.

.

~PD

18 2.
1461

83. -

12.

1-
De
Q.
14.
39.

90.

183.

17 ELEV 583

cw
.
ay
.93

1.00

1.08
1.08
1.08
1.U8
l.ng

«2% !

« 9

ETP

141,
126.
125.
104

2.

19 .

82.
101.
123.
1404
12%.
135

115 o'

PD

5Us

34,
38.

- 28e

l.
- 0.
D.
fNle
" Oe

24,
.. 131

157.

39.

ETODF

-SQ-.
-—38.
15 .
Tle
66 e
S8e.
67«
87.
&8.
73.
27«
-68a

X2-

ETOF

91.
o K
R8 .
76 .

91 ..

79.
82
101.
123.
117.
~3.
"2?.

CThe

MAT-

1.54
1.38
-85
14
«08
=01
-« 00
'« 00
«13
«35
77
l.58

.57

«XJ -

27

«01.
«00 -
«00

«00
-0
«17
1.02

115

.30

eI

;ﬁg



Table 3. (Continued)

83.483 oIRAPORA MeGe LAT 317 21 LONG 44 S7 ELEV 812
MO TM  HM Tn PPEC INS RMM cT cH _ Ccd ETP ~ PD  ETDF  MAI
1 2a8.7- <78 10. ¢ ?220. 18S. 535. « 99 71 W9 ' 126« 135. . -9. 1.07
? 2u4.9 .78 111 143. 138. 467. 1.00G .71 «9% ! 111. "63e. 68 «S6
3 24.7 _ e783 ° 11.4 127. 2l 4. 478 e 99 72 e 94 11a. Slt 63 . LS
4 2%3.5 «77° 12.9 63. 23 2. 404, .96 .73 1.00 101 14. 88. .13
8§ 213 <74 . 15.2 11. 269, 360 - 91 77 1.08 97 .- g. q7. .03
2 19.9 .72 17.1 3. 2F 1. 320. .88 " <80 1.08 87 . O. 87« 03
7 19.7 .69 17.2 3. 274. 343, . 87 814 1.08 97 .. O. 9q7. «00
8 21.5 <61 17.8 1. 22 0. 392. .92 <94 1.N8 13C. Ue 130. - 00
Q 7“-_1 «58 iS.1 19. 221. uan, « 98 «97 1.08 161. Ue 161. «00
10 25.3% .54  12.° 75 127. 50S. 1.01 34 1.00 163. 19. 146 .12
117 24.9 78 11.1 212, 181. Si4e 1.0n 77 9y ' 132 117. 15. -89
12 28.u «79 10 ? 278. 154, 539. .99 .70 .S ¢ 126, 18 3. -69. 156
AVE 23.? «72 13. € as , 274. qu2. .96 T .80 1.01 120. 4q, 7. N H)
R3.585  PITANSUI . ' M.G. LAT 19 41 LONG ba uf  ELEV 704
o ST HM TD PREC INS RMM cT CH cw ETP D ETOF . MAT
| 233 - -73 Tl?ol‘." 7250 . e 5S40« e 96 71 ) 126 a 16 5. -nlo" 133
7‘ ?30‘ 079 1?-7 193‘ e 088. .96 .69 .q;‘ . ll]go 108. °2. 1.”2
3T ?272.7 .81 12.2 192, n. u72. « 95 67 .9 102 97" 5. 95 -
4 21.n - 81 1Z.0 75« - e 393, - 90 .67 1.00 85 . 19. 66 . 23
S 1R.9 79 15.1 33. ne. 345, . 85 .70 1.08 80 . 3e 77 -U3
& 17.7 .76 16. 1) e e 304 . . 8? <74 1.08 T2 . O T2 00
7T 17.7 .73 167 6e fla 327. .82 .79 1.08 82 C. 82. »00
Q lq.u .68 17.“ _8. MNe 379. 08? .85 1008 109. U- 109- KOUU
.2 2lel <68 15«7 uy ., Ne 4y3’. .91 <85 1.08. 130 be 124 05
I 22.9. .73 13.1R % e SN3. .95 «78. 1l.00 13u. 31. 1ns. 23
1V ?22.9 «77 12.3 1°1. "N 517 .95 .73 oG ' 122 96 26 . «79
12 22.7 <81  1be7 Il e Sus, .94 <66 e 115. 225. =-109. 1.95

AVE  21.2 .76 13.9 116. d. 83/. .9 74 1.0l 175.  B3. a3, .55

oy -



Table 3. (Continued)

83.681 20C0S DE CALDAS MeGa LAT 21 87 LONG 46 38 ELEV 1189

MO ™ HM ‘TD POEC INS RMM cT cH '] ETP PD ETDF - Mal
1 20.3 +83 9.3 217. 14 S. Su3. -89 64 e ' 106 232. -126. 2.20
2 2“0“ « 82 9.7 2158. 139. “67. .89 .SS .9“ ! 93. 163. ' ’70. 1.18 h
3 19.R 82 10.2 218 184, 466 e .88 65 o34 ! 9a . 133. -42. 1.47 . -
4 17-R « 80 11.% 32. .205. 382. - 83 .58 1.00 78. 23 55. .29
£ 15.1 «73 13. 3 a4, 213. 331 .76 .69 1.00 64 . 10. Su4. .15
& 13.6 .78 13.9 3. 21u. 289. e 73 72 1.08 6D 2. S8 . 03 -
7  13%.6 «T5 4e2 26 o 221. 312 i K .75 1.u8 67 « l. €7 01
R 15.6 .70 14.9 2u., 2u1. 366 .77 .83 1.08 9%3. 0. 93 «0N0 -
a 17.5 71 13.84 6%, 191. uo>3. . 82 .81 1.00 103. 16 87« o135 -
10 19.n «75 11.6 162, 1R R. 499, . 8F 76 «94% : 111 62 49. .55
1M 1%.8 .73 M. 6 201. 171. S19. .87 .70 .94 . 108. 116. - 1.07
17 19.8 82 9. € 284, 157« sua, . 88 66 e 9 103. 199. -q0. 1.82

AVE 17.7 78  11.3 141, 18 9. 429. .82 71 ' «Q9. Q. 80 1. .79

- 8%.690  ~ SANTOS:-DUMONT . M.G. LAT 21 27 LONG 43 33  ELEV 9308

wo  TM - THML TR PREC INS RMM ctT- €1 Cu ‘ETP. - PD . ETOF MAT
1. 213 8% Q.5 273 16 5. 543. «91 <B4 .98 . 108. 1838. -80. 1.74
2 21.3 -8% a.f 280, 147, 467 - 91 63 - R 15 9. -67. 1.73 -
3T 2.7 -85 9.3 273. 16l 467. O Bl . e 86 e 13 8. -51. 1.€0
u 18.7 .85 9.1 Q. 15 3. 384, . 85 .59 1.00 0. Z29. u2. ol
S 16.8 <88 10.5 32. 17 6. 33u. « 80 61 1.08 64 « 2. 62 Ot
& 1S.7 .83 11.5 24 o 176. 292. .78 63 1.08 S5 e Je S5 - 0D
7 15.? .81 " 11.2 18. 16 €. 318, .76 66 1.08 f2. 0. 62. - 0D
B 16.2 «77 17.7 . 6. 2L 6. 3RR, .79 «73 1.18 83. . O 83. Nt
@ 17.% «79 107  SS. 16 1. 424, . 82 71 1.03 R9 . 12. 77. «13
In 18.7 <81 9.8 142. 127. 5 9o, . 85 66 e 98 % . 62. . - €5
11 19.% «38 %9 203, 11 7. 518, . 86 63 94 Be. 11 8. -23. 124
1?2

2.1 .85 8.4 235. 111. 549, .89 «59 93 97. 250. -1S3. 257

CAVE TR.G .8 W0.1 138 156, 473 .31 .54 1.00 83. Bue.  W.  eRU

¥



R

Fable 3. (Continued) ~

8 3. 385

T ™
1 24.1
? 2u.u
3 2a.1
u 23.%
S 21.6
& 19.8
7 20.n0
8 217
8 4.2
1N 25.7
11 24.6
12 24.2

AVE 23.1

83.588 SAC JOAD .NFL RFT

™

?1.2
7222
21.2
13.5
17.1
157
15.5
17.2
18.7
201
2Ne.S8
21l.1

192

SAD FRANCISCC

H™

«81
«81
«82
«77
«74
«69
-82
<60
-5l
«76
+ 82

«7T4

HM

«77
79
77
« 75
«73
«h8
«69
.7;
.76
«79

=75

710

13.6

1.7
13.9

‘15- S

17.6
19. 2
19.8
70. 4
18.8
1. 3
13.5
12.6

164 3

L2

) 111

11.2
11.1
11.6

12«7

17.9
14. 3
15+ 5
13.7
11.9
1n.5

12.7%

PREC

2N8.
137.
159.
7.
14.

3. .

2.
le
27«
65.
175.
278.

96 «

PoEC

27 .
274,
19,

3l.
72.
17 .
1ile
Stie
175.
]ql.
7247.

l ?ﬂ.

M,Go

INS

{le
Ne
(118
‘].
e
Ue
n.
ile
(e
G.
l].
e

" fe
Me e

INS

16 7.
154.
174,
178.
19 3.
19 a.
214.
22%.
15 1.
15 7.
133.

17 S.

LONG G4

CH'

«6E
«67
«6S
«h9
74
«78

«84

«92
«95
74
«65

8 LONG 44

LAT 1557
RMM CcT
53%. " .98
466e. » 99
480« -« 98
410. P
369. 92
329. - 88
352. « 8R
399, e« 92
Huy ., «98
SU5%. 1.02
S11. 99
5S3H. e 98
quy, » 96
LAT 21

[RMM CT
Su3. %3
gt6he « I3
4R8a « 91
38FRe. - 87
33. - 81
2%N. e TR
317 o 17
37G. - 81
42he « 85
SUd. e AR
S4f. « 9N
43a « BR

CH

.73
.72
.70
.74
.75
.79
.86
.84
.79
.70

52 ELEV

Cu

9% !
.e 98 !
«94 !
1.00
1.08
1.08
1.08
1.U8
1.08
1.00
9% !
9y !

9% !
e
94 '
1.00
1.08
.08
1.08
1.08 -
1.00
-4
e 94
e

4 40

ETP

115.
103.
102.

97 .

9 .

85 o
100.
131.
159.
1R5.
IZS.
115.

116..

PO

123.
S8e
76
15.

Ge.
Oe
O.
Qe
l.
15.
11 0.

49.

PD

151.
11 9.
13S.
16.
2.
0.
de
O.
9.
SO.
106,
212.

L 4.

ETOF

a5,
26
81 .
95 «
8be
1NN.
131
158.
1S0.
16 .
~T8 e«

67.

ETOF

-27.
-12.
-3
71.
The
GB.
75 «
1Mm.
101.
7n.

12«
-ag,

7.

Mal

1.07

«56
o788

«15

00
00
(10
«09
- 88
1.68

- U3

Mal

1.21

1.11
1.03
«18
03
«00
=00
« 0D
+0i8
o2
<90
1.79

S )

L4



Table 3. (Continued)

83 541 sap JOAO FVANGFLISTA M.G. LAT 18 2S5 LOMG 42 47 ELEV 662

Ty ™ HM ™ oREC INS "RMM cT CH (o) ETP PD ETOF Mal
1 2?16 «34 12. 1 205, [ P S 37 e 92 b1 «Su 102. 12 0. -19. 1.18
?2 21.7 .84 12.2 147. Ue 467« .92 61 e ! 83. 66 22. e 75
I 2l.u4 « 86 11.8 180 " Oe 478 e 91 «59 «S4 86 o 77. - -89
a 13.8 .85 11.8 49. Ne. 398. .88 «59 1.00 T4 . 27. 48. 35
5 17.5 -85 12.° 2. N. 353. .82 .61 1.08 ~ F8. 2. - 65. 14
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Requirements for Irrigation

Irrigation development has frequently been most successful in arid
regioﬁs'. In areas where rainfall is adequate during a poertion of the
year, agriculturists are frequently able to choose between extensive agri-
culturé and more intensive developments. Table 3 provides an analysis
of the probability of adequacy of rainfall in meeting moisture demands

for agricultural purposes.

In §he states of Paraiba, Pernambuco and Alagoas the coa_stal area
(Zona da Mata) is characterized by about six months of severe moisture
deficiency and two to four months of excessive fainfall. ‘Rainfall during
the other months varies from moderately deficient to fully adequate. In
the interior more elevated areas (Certao) precipitation is significantly
less, but normally only about six months can be definitely classed as
severely deficieht and usually one or two months haye excessive preci-
pitétion. It is only rarely or in limited portions of the Certao that three
or more consecutive months have fully adequate precipitation.

The coastal portions of Bahia génerally do not have severe moisture
deficiencies. Preciﬁitation is frequently excessive during three to five
months. - In the iﬁtérior portions, particularly in th;a Sao Francisco rivexv'v
valley areas, rainfali maykbe severely deficient during six to eleven
months, and precipitationis rarely excessive during any one month;

Within the State of Minas Gerais pr‘ecipitation is genexjally severely
deficient during about five months and may be excessive during one to

three i'nonths.
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" The };bb"\rle.gqnditions‘ are approximations and generalizations, - Signi-

ficant local variations from general conditions are encountered.

For the ;rea.a that may be considered for irrigation from the Sac
Frahcis‘c;o river, rainfall is severely limiting during five to eleven months
dei)ending upon location. For development to a good level of intensive
agricultural production, irrigation should be available during all months
of severe rainfall deficiency.

The potential evapotranspiration estimated in this study is for short
grass under conditions of rapid growth. Many crops during periods of
full ;:rop cover and periods of rapid growth require more water than
does short grass, When fruit is sizing up, grain is setting or tubers are
increasing rapidly in size, the crop water use is at a significantly higher
rate than is average for full crop covef conditions.

fable 4 gives crop cqéfficients, K, to be used with estimated values
of ETP for comp'ut"in'g usual crop water requirements. ETP x K gives
the average or usual requirement,

When moisture supply is severely deficient (moisture availability
index, MAI, less thah .33), crop growth is quite limited. At these low
moisture levels fertilizer application and other improved practices do
not have much effect on plant growth. Fertilizer application during per-
iods of severe moisture shortage may accentuate moisture deficiencies -

and further reduce yields.



Table4. Crop Coefficients, K

Full Crop Cover Seasonzl K. . -
, Range Avérége « B .V';,,",l,,‘
CROP Root Depth in Meters in K K o - Range Mean 7
Fiéxd and 0il ero‘ps' | 1.00-1.30 1.10-1.32 .22 | _};73-.99‘ - 39
Fruits | EEREE N
Grapefruit "'Vll.zlo_ 9
‘Naval Ofa&ggs  ” .;3 fﬁ;qz'_ fji R
Grain and Forage Cropgu f;f??ngﬁ;  1iO8?1-7O7‘?T7*9*ﬁ7 ;:§?€i;i555
Grass Crops o . ‘v:»z;ﬁj -
Bermuda Lawn 7 ‘j:igr ’  € f.d5 
* Blue Paniciuminéés ‘].20~ = l,{f 
Green Manure Crops .86-1.31 97-1.22° . ||| | L85-1.18 .96
Winter Vegetables .64-.95 1.22-1.25 1 85118 101
Summer Vegetables .86-.95 1.22-1.49 1.28 .82-.84 83 -

Notes: Root depth is zone from which 90 percent of soil roisture depletion occurred. Coefficienis éﬁéffd" 
be used with estimated potential evapotranspiraticn, ETP. C

Source: Erie, L.J., Orrin F. French and Karl Harris, "Ccnsumptive Use of Weater by Crops in Arizona".' 
(Tech. Bulletin 169: University of Arizona Agriculfural Experiment Station, 1963), 44 Pp.

Middiéton, J.E., O. W. Pruitt, P. C. Crandall &n< M. C. Jensen, "Ceniral and Western washington
Consumptive Use and Evaporation Data, 1954-62", (Bulletin 681: Washingfon State University
Agricultural Experiment Station, 1967), 7 pp.

Ly


http:1.22-1.40
http:1.08-1.70
http:1.10-i.32
http:1.00-1.30

Conclusions and Recommendations

The available monthly precipitation data for a peridd of yeérs;, pre-
ferably ten or more, should be summarized and a gamma distributioﬁ
analysis run in clzorder to better define rainfall probabilities of occurrence
at the seventy-five percent probability level as well as other probabilities

Relative humidity data at 1200, 1800 and 2400 hours Greenwich time
may not provide a precise index for evaluating humidity effects upon wate:
requirements. However, comparison of reported values with 24-hour
graphs from hydrothermographs would make it possible to further evalu-
ate published humidity data. |

Wind data are not generally published in Brazil. Undoubtedly data
are available from a number of airports. These should be summarized
together with information on the height of instrument, the hours of mea-
surement and weather instantaneous or totalizing. Awvailability of repre-
sen-tative wind speed data will permit a more precise evaluation of mois-
ture requirements.

Most crop consumptive use measurements have been related to some
form of evaporation. The most widely used and best standardized form
of evaporation measurements are those from a Class A pan. Measure-
ments made by the Piche aparatus are difficult to standardize and to in-
tefpret. No practical use is known for measured Piche evaporation,

The publication of Class A pan evaporation data together with complete

descriptions of pan locations and exposure conditions would contribute
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towards a better evaluation of irrigation requirements. Description of |
conditions should include information on vegetative surroundings, whveth'er
or not a body of water is near and whether the area is irrigated or non-
irrigated. Cond':ltion of the pan, including color, and any significant de-
parture from standard réquirements, should be recorded,

This study is brief and preliminary in nature. It should be im'proved
and updated as soon as additional data are processed or become avail-
able. This is particularly true of the precipitation data already available
but not processed for probability analysis. |

- The needs for irrigation and moisture deficiencies are only one aspect
to be considered. The stage of economic development, availability of
infrastructure, local ability to manage irrigation and other factors are
usually of much greater importance than an analysis of moisture defi-
ciencies, It is assumed that these factors have been well studied for the
Sao i«"rancisco river basin and that these studies can now be combined
with an improved analysis of requirements for irrigation.

It should be emphasized that irrigation is only one factor amongst
those required for advancement towards a more intensive and technologi-
cal agricultural development. If introduced without the availlability of
fertilizer, adgquate equiprhent, pesticides, herbicides and other neces-
sary inputs, the possibilities for the economic success of irrigation

development are minimized.
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APPENDIX A

PRECIPITATION PROBABILITIES

Fifteen climatic stations having precipitation records. of from 27 to
57 years are analyzed in order to show the various levels of probability
of occurrence. Probabilities at the 95 percent level (equalled or exceeded
19 years out of 20 based upon the recorded data) at the 90, 80, 75, 70,
60, 50, 40, 30, 25, 20, 10 and 5 percent probability levels are shown
for each month. Gamma parameters used in the computation are given -
by months. PMAX, the absolute maximum precipitation, and PMIN, the
absolute minimum precipitation for the period of record are shown by
months for each location.

The values of precipitation at the 75 percent probability level were
plotted against mean precipitation for the pericd of record.

’i‘he best fit equation can be written

PD=-5+,16 xPM+.0022xPMz (Al)

in which

PD = precipitation at the 75 percent probability level

- PM = mean monthly precipitation
If PM exceeds 191 vmm, then the equation becomes

PD = -85 + PM (Ala)
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'Negative computed values of PD are taken as equal to zero,
The computer printout for the 15 locations is pfesér_ﬂ:éd in the follow-

ing table.
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eas «GAMMA DARAMFTERS UNDEFINED

PRECIPITATION FOR

LONG «

80. .

11.
28.
49.
qu .
44,
115«
110.
68.
35
15-

g.

7.

4t e

GIvEN PROBARILITY LEVELS US

0.

SER.
YEARS OF DATA

43.

PRECIPITATION

MACEF IO ALAGOAS
35 42« ELEV.
75. 70 60 .
1Se. 19. ?7.
37« 37. 46 .
S8 66. 83«
1S 117. 139,
1¢1. 178. 210.
13n. 1lusus. 173.
12t 131. 159.
7“. sn. ql'
U 46. 56«
12. 22. 729 .
1tle. 13. 17«
a, l2. 17.

38.
57.
102 .
1£3.
2uu .
204 .
1w3.
68«
37.
22
2U.

S1l.
68.
12“.
1SUe
282.
237.
192.
115.
el.
4s,.
28.
32.

NO.

3Ge.

68
82.
150.
221.
326 .
278
2138.
129.
97.
57«
3Se.
42.

a3u

-
=]

25.

79.
91.
166 o-
280 .
352«
in2.
232,
138.
106.
53.
UGe
aa,

1136. 1184, 1228. 1310. 1391. 1474, 1567. 1620.

MONTH  JAN  FER - 'MaR- APR  M&Y  JUN  JUL
LAMBA o016  <N23 o015 016  .0l2 012 «07%
R .91 1.9F '1.97 2.99 3.729 2.84 .53
LNGAM ol f-'-l'l °-~‘-‘ .7 l.p 05 2.';
PMAX  2u5. - 178« ufll. 469. 807. 615. 397
PMIN ile Be Qa, 7?8. [71 0. S4.
e PPECIPITATTION FOP MONTH £° YFAR IS NOPMALL Y

AU

+ju5
4.96
3.1

262«
46.

DPISTRIBUTED

SEP

« (128
223
1

263.
11.

MAX.AMY MIN.PREC.RECORD

ocT

a0%2
1.50
-.1

2Ub e

1.

NOV
o8 7
1.37

Q8. .
Do

20 .

a3.
101.
185Se.
262.
330.
250 .
168.
117
72.
85.
S7e.

168U -

DEC

027
.~9 3 .

1g.

13S.

132.
242,
325.
472.
ul13.
?99.
176.
151.

97«

62

82.

1846.

ANN

<013
18.84

" 3%5.9

:  09 

ING A GAMMA DISTRIBUTIONs IN'Mu.

177.

161.

" 296.

385.
555.
usge.
345.
202«
182.
121.
78
10 8.

11



TABLE Al,

poFCIPITATION FOR GIVEN PROBARILITY LEVELS USING A GAMMA DISTRIBUTIONs IN MM,

STATION NavE

LAT. 10 12
PRORARILITY 95, ap.
‘MONTH MEAN
JAN 3. 1. 2.
FEB 29. 0. l.
MAR SH. 1. 4.
APP 111t . 16. 25.
MAY 159. 38. 53.
JUN 130 . u6 . 50,
JuL © 118. 45. 6.
AUR 7u. 19. 26f.
SEP 59, €. 1.
OCT 28. ,.. 2;
NOV 34. 0. e
DEC 37. g. 1.
"ANN 847. Sl8. S7S5.

PARAHETﬁRS FOP GAMMA NISTRIBUTION.AND ABS.HAX.AHﬁ

LONG .

84d.

Se
XS

Se.

4.
T7.
76 e
72.
37.
17.
Se
le
3.

f5u.

PROFRIA
36 52«

75.

6o
4.
12.
47.
B7.
f4.
78«
a2,
21 .
Te
Ze
4.

686 .

SERGIPE SER. NO.
ELEV. 34e YEARS OF DATA
7N. 6. sS0. hO. 30.

PRECIPITATION

g, 12. i9. 27. 38.

6. 1d. 15. 22. 32.
16. ?25. 3S. 49, 66
53, 68. 83. 10l. 123.
97. 118. 139. 1648. 193.
1. 10S5. 120. 135. 154.
8. 97. 110. 1?4. 1lu0.
46. 56. 65 76. 89.
24 . 37 a an., g, e0.

9. ’3. 18. 25. 33.

q- 7. 13. 21. 3“.

(3N 11. 18. 27 40.

716. 777. 827. 885. 949,

MIN.PREC.RECORD

MONTH JAN FER . MaR APR MaAY JUN JuL AUS SEP
tamaa eN23 721 «011d  JN18 ouul? «133 «039 .NTR’ L0433
124 « 74 «hRM «79 1.86 2.68 8.23 §.65 2.83 1.61

I NGAM «? Y ? - el 4 2.1 207 5 - o1
PMAY lal. 132. 257 413. 465. 2FRU. 395, 2fR9. 151.
T PMIN 1, Ne. e Ce 18e 26 qu, Te Qe
. PRQECIOITATION FOPL MOMTH OR YFAR IS NOTMALLY DISTRITRUTER

sse ¢GAMMA PARAMETERS UMDEFINED

ocT

« 130
«85S
el

138.
[§

97

55

25'.

us.
39.
78
136.
210.
1R5.
a9,
97.
67.
39.
43.
aq,

20.

S3.
47.
Q2.
152.
230.
178-
lel.
106.
76.
QS.
55.
60

B0.
7S.
138.
’00.
290.
214,
1¢2.
133.
101.
6Ca
<4,

98.

0.

108.
103.
184.
24 5.
346.
2u8.
221.
158.
12s5.
0.
137.
137.

986. 1028. 1145, 12u8.

NOV

o013
eu?2
o7

253%.
O«

DEC

«015
«5h
5

222.
Ue

ANN

017
18,17
23.0

11
‘B

98,



TABLF A1l

56. .

ﬁPFCIolTATEON FOR GIVEN PDOBARItIiY LEVELS USING & GAMMA OISTRIBUTIONs IN MM,

STATION NAME

L&T. 1D &S
95. Tn.
2. Se
S. 'q:.
14« 24.
38. c7.
89. 1114,
28. uh.
3tl. us,
6. 48,
9. . 15%.
4, R,
l1e  ne
2. 4.
730. 8AR,

PRORARILITY
V'HONTH MEAN
JAN S%.
FER 59.
MADQ 138.
APR 246 .
MRrY IG7 .
JUN 215 .
JUL 2015 .
AUG 125.
SEP 77
0ncY 61l
NOV
DEC Sle.
 ANN 1563.

MONTH
LAMAA
R
LNGAM

PMAYX

J AN
«117
. 94

0]

?2301.

ARACAJU SEPGIPF SER. NO. 13
LONG. 37 S5 ELEV. 6+ YEARS OF DATA SB
80. 75. TUe 60. SNe. Un. 30. 25 .
PRECIPITATION
11 15. i8. 27. 37. uaq, 66. 76 «
17. 21. 26. 35. aS. S57. 712. 82.
43, &3. 63. B83. 137. 1%s. 158. 189.
87. 1b1e. 115. 1u3. 174. 209. 251. 277.
162. 181. 200. 237. 276. 31%. 359. 399,
76« 9t. lu6. 138. 173. 213. 253. 293.
78. 92. 106. 136 . 168. 205.. 251. 279.
66. 74. 8l. 9. 11?2. 129. 150. 162.
26. 1. 37. 48. 6l. 7T6. 94. 105.
15. 19. 24. 3¥3. u4. S56. 73. 83,
9. 17?. 16. 24. 35. 48. 86. T7.
1de 13. 16. 24. 33. 45. 6U. T0.
1051. 1129. 1201. 1341 . 148N, 1629. 17939. 1838.
PARAMETERS FOP GAMMA PTSTRIBUTION.AND ABS.MAX.AND MIN.PREC.RECORD
APR May JUN JuL  AUG SEP  0CT  NOV
eP1y | SUlli o7 009 <U256 o020 .Ul D1
72.118 3.2? 1.61 176 .22 153 113 «8 0
o - «9 -l - el «9 -l =1 -2_
asl. §3% 849, T713. 379. 349. 325. 332.
16.  S4. Ue Je 3. 3. Se e

PMIN

L ]

| )

FTe M aR
«122 <010
1«28 1.3°
‘.1 ‘.l
755 fQn,

n. z.

PRFCICITATION FOP MONTH OR YEAR

~>t.¢tGAPMA PARAMMFTFRS UNDEFINED

IS NP MALLY

DIST I GUTED

3 2Uf f

88.
94,
?215.
k{3
434 .
330.
312,
177.
119.
96.
91.
82.

2013.

DEC

<017
.88
ol

254.
0.

128.

129.
293.
397.
S36.
412e.
218.
1k0.
136.
120.

10.

; 5;?

168.

163.
368
48 3.
631l.
Su47.
S(8.
257.
199.
172.
181.
159.

2335. 2625.

ANN.

-005
7.03
6.6

0.
" Do

Ls



TABLE Al,

PRFCIPITATION FOR GIVFN PROBARILITY LEVELS USING A GAMMA DISTRIBUTIONs IN MM,

STATION NAME

LAaT .

PROBABILITY

MONTH MEAN

JAN 35.
FER 42.
MaR 72.

APP 1G3.
May 16:1.
JUuN -122.

JuL  132.
AUG ay.
SEP 66 .
ocT 5t.
NOV 63.
DEC 52.

ANN 988.

PARAMETFRS FO® GAM1I2

eSe.

1.
‘e

. 1.
1te.
17.
1S.
44,

26.

1Nn.
l.
Ue
r

KR24.

11 17

an,

e
Na
a,

12 L0

LONG .

Rl

4.
S.
7.
32.
50.
43.
7S«
45.
25.
8.
2.
1Ue.

712.

ITAIAT AN INHA  SERG IPE SER. NO.

37 49. ELEV. 225. YEARS OF DATA
75. 70. &0. 50. 40. 30.

PRFCIPITATION

. 8. 13. 2u. 29. u0.
7. 9. 15. 23. 33. 48.
11« 15. 25. 39. 57. 81.
39. 47. 82. 79. 10G. 125.
fl. 73. 97. 124. 155. 195.
S1. 60. 78. 98. 121. 149,
3. 90. 135. 121. 138. 157.
§1. 57. 6R. 80. ©9u. 110.
30. 34. W44. Sus. 66. 80.
1t 15. 2?. 32. 44. 60,
13. 16. 25. 34, 46. B2.
7%6. 797. B876. 953. 1035. 1128,

MONTH JAN FFR MaR ADR MAY
L AMRA «J1 9 «il1 8§ o 1119 oC1lu o 9
R e67  +B3 461 1433 1.8
LNGA" 3. ) o0 -.1 -.1
pPuAY 1R4. 183. Ial. 265. 463.
PMIN ne Ne fe e tle
* ORECTPITATTIQN FODP “ONTH OR YEAR

ses sGAMMA PARAMET EOS UNGEFINED

JUN

«1J13
1e57
- ol

292
Ue

NTSTRIBUTIONAND ABS MAX .AND

JuL

« 29
3.88
1.6

354,
46

IS NCPMALLY

MIN.PREC. RECORD

AUG

w32
2.86
6

305.
1a.

DISTRT RUTED

SEP

1.21
- .1 .

193.
4.

ocy

-Ul6
«R1
o1

202
e

185

u8

2S.

48 .
58.
98 .
141.
219.
167 .
i69.
119.
89.
TNe
fJ0.
73.

1182.

NOV

N7
a2
o7

434,

20.

S8e
70.
119.
160.
249,
188 -
183,
130.
99.
83.
101.
85.

1244 ..

DEC

<017
«87
ol

162

g.

10.

89.
10%.
1R6.
’18.
339.
252.
222,
ir3.
130.
123.
175.
125.

14}16.

ANN
«-010
9.43
11.5

D.

0.

122.
150.
257.
275.
426
314.
25 8.
160«
153
255.
165.

1S70.

8§



PRECIPITATION FOR GIVEN PROBABILITY LEVELS USING A SGAMMA DISTRIBUTIONs, IN MM,

STATION NAVE

g,ai
.

TABLE Al
LAT.
PRORARILITY 95«
 MONTH MEAN
JAN 0. 2.
FEBR .
MAR 117. Be
APR Sg.
MAY 9.
JUN 1. 0.
JuL 1o U
AUG Ue De
SEP 2 Q.
ocT 19. g.
HNy 83 1-
nEC 110. . Ge
AR,N Q76. 7610

1.

9 4l

Q.

 u.
. S

g

SN
0.
a.
te

"‘).’
0e

2
12.

312.

LONG «

8de.

i2. .
9.

20.

11 

0.
0.
U'.
0.
e
iJo
Te

25.

3g2.

REMANSDO
u2 4y

7%.

17.
1%.
27
Te
e
Ne
Ne
Ue
De
lie
10,
32.

412.

RAHIA SER
ELEV. G11s YEARS OF
T0D . 60 e 50. 40,

PRECIPITATION
22« 3Se. 52 « 4.
18. I e u7. €9.
35. 5%. 74, 1N2.

4. 9. 18. 3l.

Qe LA P 1. 2e

Ue N Ne De

De. 0. Ne B IS

u. n. U. n.

0. Ue e Oe

l. 2 4, Be
1u. 25 . 41. 6£2.
40. S7e. 77. 101.

ul&[:. u?’.. SUS. Gpu.

« NO.
DATA

30.

104.
101.
138.
q-1.
Se
l.
1.
O.
1.
15.
91.
133.

RE 9.

PARAMETERS FOR GAtMA DTSTPTBUTION.AND A2S MAX.ANY MIN.PREC.RECORD

MONTH

LAMRA
R
LNGAM

PMAX
PMIN

L

J aN

08
<89
.3

u34.
N

€FB

i N7
« b4
-u

200
fle

wap

o 1IN17
«83
-1

a4,
Ne

APR

o iN7
-« 37 .
9

258
fie

UMDEFINED

MAay JUN JUL
oli23 161 <182
e 2t} 18 Ola
158 1.6 1.7
107. 4. 31.
De Ne

Ue

AUG

«982
«2U
1.5

3.
e

SEP
<0f 3
.16
1.8

67
De

DPFCIbITnTION FOO MOMTH OP YfFaR TS NO?MALLY DISTRIBUTED
a2 aGAMMA D ARAMET IR S oo

ocT

«01 4
=27
1.2

120.
De

Q79
56

25.

124.
121.
1Ir2.

66.

1.
1.
Je
2.
21.
111.
153.

708.

NOV

;007'
«5S
o5

285.
De

20.

i48.
191.
86,
12
1.
1.

3.
29.
136.
177 .

752.

DEC

] «JU9
1.01
» - o0

375.
O.

0.

227«

23 3.

2824

1563,
26

3.
‘1.
Te
S7e.
220.
253.

877.

AMNN

o111
.50
€7

D.
De.

307.
X22.
37S.
22 9.
uasS.

be

5.

l.
14.
91.
308.
3239.

291

65


http:r)TSTPTBUTION.AN

PRECIPITATION FOR GIVFN PROBARILITY LEVFLS USING A GAMMA DISTRIBUTIONes IN MHM.

STATINN NAME

TARLE Al,
L AT.
PPOBARTLITY as.
MONTH MEAN
JAN 127 24.
FER 138. 30.
MaP i20. 21-
APR 65. 3.
Mavy 11. .
JUN 1. n.
JuL l. Q.
AUG 1. 0.
SEP 11. 0.
ocy 5q9. 4.
NOV  142. 34.
pEC  171. SO.
ANN  AG4. %31,

11 1

e,

3Ifhe
4?2.
21l.
7.
e
n,
Ve
fle
fle
7.
47,
66

523,

LONG «

8Ua

S4.
62.
“q.
lu.
Je
J.
Ue
O.
Ue
15.
68.
91.

564,

IBIPETURA BAHTA SER. NO.

4q 31 ELEV. u2uy YEARS OF DATA
7S5. 70. f0. 0. 0. 30.

PRFCIPITATION

3. T2 89. 1N8. 12S. 15S5.
71 . 8uo. 97. 1l16. 137. 163.
S7e. 65 . R2. 100, 121. 147.
18'. 23.- 33. ‘45. 59- 78.
(‘. U. 1. 2. SO g.v
.r,. U. D. n. U. l.
0Oe Ue Na ile Qe 1.
ﬂo 0- 1. 2. Qe 9.
19. 23. 32 . 43, 56. T2.
77 86 1085 . 124, 146, 172«
1"l . 112 . 132. 154 . 178. 20R «
e T23. 775, 827. 88l. 1.

g%

PARAMETEDS FOD GAM'A DTSTRIBUTION«ANN 2E6S HMAX AMY MINJL.PREC,RECORD

MONTH J aN £F3 M AD APR MaAY
LAMBA ~ LUl7 _.0I1NR N1F oUls 1 V4~
R 211 2.u84 1.04 «99 «?8
LNGA" orj 2 - .n 00 1.2
oMax I69. 4], 3a2. 254, 8l1.
pHIN ".A'. 3. 7. l’l. !"0
- OOFCIPITATION FOO MOMTH OR YEAR

222 sGAMMA P AR AMIT FRS

UMDEFINED

JUN JuL
o227 o180
19 .18
1.6 1.7
20. 18.

Uo n.

TS NOPMALLY

Ays

«137
«18
1.6

23.
Je.

CISTRIFUTED

SEP

-023
«26
1.3

83.
Ne

ocT

-(118
1.9
‘00

152,
De

7R
49"

2S.

171.
178 .
162.
sa.
d12.
1.
le.
l.
12
82.
187 .
2722 .

975 .

NOoV

-018
2.59
«3

2R7.
2«

20 .

10.

190. ?24S.
196. 289.
181. 236e.
105.. 151.
17. 23.
1. 2.
1. 3.
2. 4.
16. 33.
95. 134,
?206. 260.
-282. 298,

1U14. 1123,

DEC ANN
«N19 0619
3.25 16.14
«9 28.3
490. 0.
36 Cs

297.
299.
288.
i96.
52.
4.
Se
Te
S3.
173.
I11l.
351.

1217.

09



TABLF

PRORA

MONTH

JAN
FER
MAR
ApR
MaY
JUN
JuL
A UG
SEP
ocT
NOV
DEC

ANN

Al, PRFCIPITATION FOR GIVFM PROSARILITY LEVELS USING A GAMMA DISTRIBUTION, IN.MM.

eYLITY

MEAN
112,
118.
128.
Ele.
1t .
|
1.
le
3.
4% .
121.
142

7%4.

STATION NAME

LAT.

9%.

G.
18.
9.
2.
Ge
fte
e

Ue -

e
= 0.

"8

29.

4301,

11

S

°il.

13.
78,
1fhe
4,
N,
e
Me
Ne
UL
1e
15.
41.

ucfq,

- BAPRA RAHIA SER. NO.

LONG. 4% 10s ELEV. 408y YEARS OF DATA
8d. 7S. Tfle 60. SG. HWNe 30.

PRECIPITATION

26. I, "Ll g, 79. 1h4e. 13R.
45, G4, 652 79. 97. 118+ 144,
32. 4le. 5U. 7. 93. 120. 155.
ll)o 13. 17. ?Go 38. 52. 7?.
de Ne Je 1. 3. 6o 11.
O. n. D. n. U- n. 1.
n. !). 0. n. n. [’. 0.
De Ne De. Q. Ne O.
Ne Je Ue "N 1. 2e Se
u. SO g. 15. zu. 35. 51.
U 38. 47. 5 e 87. 113. 1a7.
62. 72. 8l. 1NM1. 121. 145. 173.
S64. 595, K24, K79, . 73?2. 789. 852,

DARAMETERS FQOC GAMQA NTSTRIRUTION.AMN ABS MAX.ANG MINLPREC.RECORD

MONTH
LAMTA
Q
LNGAM

PpMaYy
PMIN

*

S Jan
N9
1.110

- .ﬂ

u]8.

Ne

Fra

«ii118
181
-a1

ISle
e

¥ 4D

o i1

il-l?

-.1

5n2.
1e

APR  May
«ul3  .0119
«77 «25
o2 1.2
192..  8l.
e Lo

JUN

<187
«19
l.6

11.
{s5e

Jut

« 237
«19
1.6

17.
1le

PRECIPITATTON FOP MOMTH OR YiaR TS NCIRMALLY
s+ 2GAMMA DARAMETFRS UMDEFINED

aAUG
«119
«17
1.7

33.
De.

pIsSYer

SEP

C22
.19
1.6

87.
N

PUTED

ocT

«C013
e5U
o U

173.
Je

179’
57

25.

ir0.
177.
8S.
15.
1.
1.

7.
61.
180.

3R 9.

. Nov
009
.11

300.
De

.'20.;

"180.
179 .

ZUQ [y

1od.
21.
1.
l.
2.
11.
T4
193.
210.

a31.

-DEC

«016
2421
.ol

356
14 .

256.
23S.
287 .
150.
u2.

3.

2.

Q.

26
117.
272.
270

1nu8,

ANN -

. <015
11.62
16.6

0.
C.

iliQ;: 

33 2.
28<.
26 9.
201.
67.

Se

4o

8.
4S5,
16 3.
350.
326.

1151.

19


http:ABS.9AX.AN

TASLE Al,
STATION NAME
LAT. 11 11
‘PROBARTLITY  "95.  au.
MCNTH  MEAN
JAN 86 . 2. Feo
FFR 82. a. 1.
MAP 94 . 2. Re
APR 82. 1. 3.
MaY 70. u. a.
JUN 63 2. a,
JuL 59. $. Q.
A UG 48. 8. 172
34 3N, 0. 1.
acT 37« 0. tLPS
NOV 8% 1. e
DEC ln.{o 7- F.
aMN  84N. 166. 2u2,

LONG .

fd.

l4.
Se
14.
S.
17.
1N.
17.
19.
2e
le
130.
15.

366«

JAFOBINA
4G 31 EL
75. 70
19. 24
R. 12
19. 25
13. 18
27. 26
13. 17
21. 26
2?. 26
3. 5
2. 3
14, 19
?ile 27
423. 479

BAHIA SER. NO.

EVe. U4T7(e YEBRS OF DATA

. 60. 5N, 4a. 36.

PRECIPITATION

. 7. 53. 7Tus .101.
. 22 . 37. 57. 87.
. 39. 56. 79, 110.
. 3. 48, 71. 103.
- 7. S0. 66. 8S.
. 27. 3I9. S4. 73.
- 15. 'JS. 57. 7?0
. 32. un, 48. 59.
- Be la. 21. 32.
. 7. 12. 20. 32.
. 31. 46 67 9S .
. 42 . 61e. 86 12Q0.
« 59%7. 71h. B85S5. 1N22.

PARAMETERS FOPO GAMMA DISTRIZUTIONAND ABS JMAXJAND MINJPREC.RECORD

rd

MONTH J AN FFR M AR APR MAY JUN
LAMRA «ul9 3N o (IR o NYG «uUl s 12

o4 «79 «49 77U «59 1.7 «78
LNSAM .7- oh .2 8 - o} 02
PMAYX 797 INNle 1% 2Uhe 227. 233,
PMIN le e e Me Do Ue
* OOFCTPITATION FOP MONTH CR YEAR IS N
s2esGAMMA DARAMFT FRS UNGEFINED

JuL
- 1322
1«29
‘01

139.
Ce

(P MaLLY

aAUR

«039
1.87
- o)

133.
Qe

SFP

«Ul7
«51
5

1L8e.
C.

BISTPIRUTED

oCY

«13
42
o7

1 39.
MNe

18R

Sk

25.

11 8.
108.
13n.
124,
97.
86.
82.
6S.
zq.
M.
113.
1a1l.

1124,

NOV

«008
«f6
3

324.
O.

20.

1840.
134 .
154 .
is1.
112.
102.
|93.
72
4g.
S51le.
136.
1639.

1204, 160C.

DEC

+ufl7
«73
2

354.
Ue

PRFCIPITATION FOR GIVEN PROBAPILITY LEVELS USING A GAMMA DISTRIBUTION.

N\

209
221
233
240
159
153
128

95

80

89
211
255

ANN

003
2.19
'S |

0.
Qe

IN MM,

. Se
e 273.
« 315.
« 3l.
- 333.
L 206.
- 205.
« 153.
e 1ll6.
« 113.
e 123.
[ 3 288.
+ 344.

1037,

29



TARLFE

"PROBA

MONTH

JAN
FES
MApR
APR
MAY
JUN
JuL
A UG
SEP
oCcTY
NOV
DEC

ANN

238
56

2S.

147 .
162.
138.
74,
13.

"

1.

1.

11.
Bu.
203 .
191«

88i).

20 ..

168.
186 .
156 .
86.
18.

Ue

l.

2
16.
78«
231
210.

10.

232,
261.
208.
125.
39,
1.
3.
€Ee
36.
127.
215,
268.

29S.

234,

259.
63.

) 8

Se.
10.
6le.
178.
397.
323.

Al, OPFCIPITATION FOR GIVEN PRNBARILITY LEVELS USING A GAMMA DISTRIBUTIONs IN MM,
STATION NAME PARPATINGA TAHTA SER. NO.
LAT, 12 41ls LONG. 43 11« ELEV. 422s YEARS OF DATA
RILITY 95. 1118 80 75. 70« &0 . She 4G« 30.
MEAN PRECIPITATION
106 . a. 18. 30. 38. u5. 6l. 80. 1n2. 13u.
117. 8. ) ’G. 31. 38. u-,o GS. 85. llno 1“20
1071« 13. 21le 36. 42, S0. 6£Se 81. 100. 124.
53 7. Se 11. 14, 18. FASIS 36 . 8. BlU.
1.{. Re le ‘Ue l.‘o Oe l- 2w 4e >
Ne ile le Qe e Ge fle Oe Qe Qe
‘1e e Ne Ue Ne Ve 0e MNe Oe
7. tie ile (s Oa Ne Ue Oe G. 1.
1?2. Q. Ne Ue Ne fle O. 1. 3. Te
1“7. ]‘;. 2% 45 . K& 66. PR 113. l“x. 18!].
1“3. 31' uu. 65. 7“. 80. 1n3. 1?..‘. IQS. l7u.
744. 418. 47S. 552. 573. R12. &a67. 7T22. 772. 843,

PARAMETERS FOP GAMIA2 NISTRIBUTIOM.ANR ABS MAX LAND MINJLPREC.RECORD

MONTH
L AMRA
R
LNGAM

PHMAX
PMIN

*

JaN

-1112
125
-+l -

3u9.
Ne

POFCIPITATION FOP MONTH 0O
s+x 2GAMMA P AR AMFT FOS

FFB

10
1«15
-1

723.

Ne

MAQ

« 1158
1.%9
‘ol

29e,

Fe

APR

«7118
-93
9

202,
- {le

UMCEFINEDS

MAY

‘elll8
20U
1.3

Bu.

e

YEAR

JUN

«7%0
«21
1.5

6e
Ue

JHL

«183
«18
1.7

298
Te

IS N(PMALLY

AUG .

<084
«1l6
1.8

6fle
Ge

SEP

«Ul7
« 20
15

147,
0.

DISTRPY BUTED

ocy

«011
«54
’C
174.
Ue

NOV

.npa
‘.1
327.

923. 1ful. 11486,

oEC

«316
2.34
2

404.
12«

ANN

olilS
11.05
. 15.2

0.
0.

£9
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TABLE Al., PRFCIPITATION FOR GIVEN PROBARILITY L EVELS USING A GAMMA DISTRIBUTIONs IN MM,

STATIMN NbasE

PROBABILYTY

MONTH

JaN
FEB
MAR
APR
Hay
JUN
JuL
A UG
SEP
ocrT
NOV
DEC

ANN

PARAMETERS FOR GaMMA OTSTRIBUTION »AND ABS MAX .AM)

MONTH
LAMRA
R
LNGAM

PMAX
PMIN

*

L AT,

9S.

MEAN
124. 3.
199. 3.
102- 3.
S9. | IS
17. Ge.
8. 0.
10. e
9. Ue.
16 . ile
157. 32.
173. 4n.
847. 491.

J AN

«(I36

«79
2

618.

e

FFR

L)
»83
el

294,
Ne

14 ‘4,

an,

o S
g.
fe
3.
Oe
0.
e
le
C.
Se
us.
0he

554,

MaD

«fiIFfR
- 79
-?

357.
Ma

LCNG .

ag.

20«
19.
16.
Se
g.
O.
l.
Ue
D.
12.
639.
82.

APR

oN12
.71
.3

185,
Ve

. *=*¢sGAMMA PARAMETFRS UNDEFINED

CAETITE BAHIA SER. NGO,

42 29+ ELEV. 87Z¢ YEARS OF DATA
75. 710, fd. SO. ug. 3U.

PRECIPITATION

27. 3S5. Su4. 77. 107. 18R,
25 33. 49, R9. SSe. 129.
22 29. 4y, 63. R, 120.
il. 1S, 24, 3S. 4a, 59
J. 1. 2. 6. 10. 1h.
Te l. 2e 3. e 9.
le le. 3. 4. Te 11l.
Ue Ne 1. e 4, Be
.ﬂ. . U- 10 3. G. 12.
16. 2U. IN. ale. S6e. 7S
70, . 11:1. 134. 1FR0. 191.
9%. 104. 1?7T. 15S1. 178. 21G.
£73. 7US. 765, 824, 88k, 956 .

M2y

«i?1
« 35
3

93,
fie

JUN

«d54
«45
-7

3.
Ue

JuL

«ijJ8Q
«49
oh

4h.
n,

PRFCIPITATION FOR MONTH OP YFAPR IS NOPMALLY

339
s7

25.

171 .
itn.
141,
f1.
21l.
il.
13.
-10.
17.
87.
209,
230 .

20

203 .
177.
167 .
97.
27 .
l4.
16.
14.
24 .
102.
232.
252.

10.

303.
262.
249,
149,
49,
23.
27.
27,
29,
189,
297.
320.

4DS.
34 8.
333.
201.
73.
33.
38.
41.
79.
196.
359.
38 3.

997. 1043, 1171 1284,

MIN.PREC.RECORD

AUG

03y
.31
1.1

132..
ile

DISTRT RUTEN

SEP

«UlsS
«25
1.3

123.
Ce

acTY

114
«R9
1

214,

NOV

-0l
223
el

403.
Je

DEC

«U15
252
o3

528,
6.

ANN

)
12.12
17.8

0.
O.

¥9



TRABLE Al.

PROBARILITY

MONTH MEAN
JAN 171.
FEB 132.
MAR 115.
APR %
MaY 12.
JUN l.
JuL i
A UG 3.
SEP 18.
ocT 69.
NOV 177«
DEC ?31.
ANN ag3.

PPECIPITATION FOR GIVEN PROBARILITY LEVELS USING A GAMMA DISTRIBUTION' IN MM,

STATION NA“E
LAT. 1S 30s LONG.

95.

1S.
7.
6
1.
0.
g.
1.
Ue.
Ue
2.
51.
100

s51.

9.

27«
14,
1?2.
BT
Ne
n.
e
n.
u.
q.
fRe.
1?1.

627,

80.

49,
29.
26 .
7.
Ue
O
Ne
0.
{ja
12.
3.
150.

729 «

JANUARTIA MINAS GERAIS SER. NO.

448 21. ELEV. 439, YEARS OF DATA
75« TUe 60 . SO. kn, 30.

PRECIPITATION

f1. 73. 99. 129. 1R4. 2nR.
38. 47. €£7. 92. 121. 159.
3u. 41. 59. 8. 10iE. 139.
1ie 13. ?1 . 3. 4z, 59.
Ue ‘N 1. 2. U, 8e
g. 0. 0. 0. O. 1.
Q. Oe 0. 0. ‘Oe le
e e Oe 0. le 2e
e C. 1. 3. 7- 13.
15. ZU. 31le. 44, 6l B2«
iIDS. 115. 137. 159. 184, 21 3.
162. 173. 196. 218. 2u2. 270.
771 &P9%. 881. 953. 1029. 1114,

PARAMETERS FOR GAMMA DISTRIBUTIONAND ABS MAX.AND HIN.PREC.RECORD

MONTH
LAMBA
R
LNGAM

PMAX
PMIN

*

J AN

~007
1.27
_.l

ufi.
Ne

FEB

.qns
_1.00
.0

g,
Ce.

MR

- 0N
1.N1
- o

S17.
0a

APR

.014
.73
2

200
Oa .

ssesGAMMA P ARAMET ERS UNDEFINED

May

-il8
«22
1.4

107,
N

JUN

«138
«18
1.6

?5.
0.

JUL

.168
«20
1.5
19.

n.

ooccIPITATION FOP MONTH CR YEAR IS NORMALLY

AUG  SEP  oOCT

«088 U133 L0122
«1l€ =24 «82

1.7 1.3 . |
U6 168. 22%.
De O. O

DISTRIBUTED

386

S5

25

236 .
183,
1R0 .
TG
12

1.

le

LS
19.
S6 .
233.
286 »

116,

NOV

WwN18
3.23
9

4 30,
37.

20

269.

21 3.
186 .

83.

17.

2e
2.
Q.
26.
113.
305«

1220«

DEC

026
5.91
4.6

515.
ug.

371 472
3p4, 396.
265. 344.
126. 170
37. 62
u. 7.
“. 6.
10. 18.
5SS, 89
168. 223
309. 3264.
358. U406
1377. 1516.
_ ANN
D11
10.99
15.1
" De
Do

99



PRECIPITATION FOR GIVEN PROBABILITY LEVELS USING A GAMMA DISTRIBUTIONs IN MM,

44 g,
24S.
265.
16 Se.
49,
32.
29%e.
21.
88.
251.
46 3.
589.

l1ug1.

TA3LE Al.
STATION NAME ARACUAT MINAS GERAIS SER. NO. 442
LAT. 16 51+ LONG. 41 59+ ELEV. 264s YEARS OF DATA 27
PROSABILITY 95. en. " 80. 75. 7P. 0. S0. 40. 30. 2S. 20. 10.
MONTH MEAN PRFCIPITATION
JAN 161. 13. 24, 45, 56 67 92. 120« 153« 196« 222+ 254« 353
FER 86 . 6. 12. 23. 22, 35. 48, 64, f2. 105, ll?D- 137. 191.
MAPR Qg . 10. 17. 0. 37. 4q. 59, 75 . 95. 120. 135. 1S4%. 210.
APR 59. Se. Q. 16« 2. 24, 33, yu, S6e 72. 81. 93. 129.
MAY 13. 0. h 1. l. 2. 4, 6. Q. 14. 17. 21. 35,
JUN Rl 0. ‘]. n- 1-. 1. 2. 3. S. 8. 1'). 13. 22.
JUL 7. 0. [l. 00 D. ll' 1. 2. QI 70 80 11. ?00
AUG 4. ﬂ. n. n. 0. 0. 00 l. 2. 3.’ 5. 6. 13.
SEP 18« . O. Oe ‘N, Qe ) 3. 7. 14. 20. 27. 5S5.
orT 64 .o g. 1. 4, 6o 9. 17. 28. 4u, 68, 84. 10S5. 17S.
NOV 157. 9. 18. 37. u7. 58. 82. 111. 145. 190. 218. 252« 358
DEC 191. 8. 17. 38. S0. 63. 23. 128. 172. 228. 268S. 309. G48.
ANN 867. 411. 4PR. S89. £37. 672. 750. 827. 910. 1004. 1059 1122. 1300.
PARAMETERS FOP GAWMOA NPISTRIBUTION»AND ABS .MAX .AND MIN.PRECLRFCORD
MONTH JAN FFR  mae  APR  MAY  JUN  JuL  AUG  SFP GCT NOV  DEC  ANN
LAMRA -008  .n14  .0ls L0201 <080 .0S5 .0S4 L0R2 .Ll4 .OGT7 W07 005 J08
R 122 118 135 1.21 «e52 . <42 «37 27 26 <48 1.0S «92. 7.18
LNGA” -l . -01 -1 ‘.1 S .7 9 le2- 1.2 6 -'.n ol 508
PHAX  S511. 375, 451. 240. 7Re  47. 6l. 33. 105. 220. 314. G16. 0.
PMIN 15. 1. 2e Le e De O Oe O. Oe 0. Ue 0.
. PPECTPITATION FOP “ONTH OP YFAR IS NOMRMALLY DISTRIRUTED

*3x2GAMMA DARAMET ERS UNDEFINED

29
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APPENDIX B

. COMPARISON OF PAN EVAPORATION FORMULAS

'hg'order to develop and evaluate methods of estimating Class A pan o

’ ew}aporation, eleven climatic stations were selected as having the most

complete and reliable data. Three additional climatic stations ‘having

measured Class A pan evaporation were used to evaluate relationships

developed from other countries and from the Brazilian climatic data.

The equations used to estimate various relationships are given in

SUBROUTINE COMP. The computer printout for the eleven stations with

averages and for the three locations with evaporation data is presented

following SUBROUTINE COMP.

Column headings and values presented in the computer printout are

given as follows:

Column

Number Symbol

1 MO
2 ™
3 HM
4 EVPM
- PREC
6 RMM
. TD
8 HRS

Descrigtioh
The month of the year.

Mean monthly temperature in °c.

Mean relative humidity expressed decimally.

The average pan evaporation estimated from three
equations (for the first eleven stations). The mea-
sured Class A pan evaporation in mm for the last
three locations (Remanso, Caxias and Terezina).
Monthly precipitation in mm.

Extraterrestrial radiation for the month at the
mean temperature expressed in mm of evapora-
tion.

Temperature difference in °c (mean maximum
minus mean minimum temperature).

Hours of actual bright sunshine for the month,
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Column
‘Number Symbol ‘ ' Description
9 PICHE Measured Piche evaporation in mm per month,
10 EVPP Estimated pan evaporation based on Piche evap-
oration. .

11 REVP EVPM/EVPP, A

12 S - Measured percentage of possible sunshine ex-
. ‘ pressed decimally.

13 SC Percentage of possible sunshine estimated from
: ' . equations using HM, elevation, TM and PREC.
14 RS S/scC.

15 EVC Estimated pan evaporation using Christiansen's
‘ formula with sunshine.

16 RCS EVPM/EVC. .

17 EVX Estimated pan evaporation using Christiansen's
- formula without sunshine. :
18 - RCX EVPM/EVX,

19 - EVH Estimated pan evaporation using Hargreaves'

. formula.

20 RCH EVPM/EVH.

21 Wé Estimated wind speed at an anemometer height

of 6 mm (Wé = 12 - .04 x PREC + . 00005 x PREC?
with a minimum value of 4, 0).

‘The mean absolute errors shown represent abs‘olute departures of
the estimated values from -the rﬁeasured except that for the eleven stations
evaporation was not measured é.nd the average of the three estimated
values (disregarding.that estimated from the Piche measurements) was
used in place of the measured evaporation. The constants in the aqua-
tions used were adjusted to best fit measured evaporation from prevaii-
ing pan exposure conditions. It is believed that Hargreaves' formula
wi'th‘ a constant of .43 (XVH = ,430) approximately estimates pan evap-

oration from an irrigated area exponure,
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Aes
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11e
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l1ae

1S

15

17e

1Re
19+
20e
21s

2?2

2%

rd 3

?25e

rd 3}

27

28Re

29»

XM

3ie

32e

3%,

3ae

35e

IR

37

IRe

I9e

4Ne

4le
q2e

4 3e

Qi

gSe

14

] 7e.

4Re

49e
sSNe

S1e

§2e

53

Sue

56

SRe.

5Te

& %e

59

63

Rle

SUXPOUTINE COMP

CCHvON He TDELs TMe NP SCeS R Se [RS-FVPPoRE\I;’-ERP-PICHo EVC'RCS;Ek_COu.

15.CVx.ch.rRx.rvu.wcu.rnu.cnn.xpl.xsx.xvc.xvx-xvu.svpn.n.Pasc
GTIYFNSION HHE12) CTH{121+PICHII2EVPH L] 2) JRHMNI12),PRECI12}

€~ — COMPYTATION OF COMPUTED SUNSHINE PERCENTAG{---—----—--......._;+

CSHM=1.65- « 55 (HH{M) /.75)

CSEz. 94+ .NE*(EL/3 000}

CST=.25+ .67+ (THL¥)1 /20,00 082 (THINI /20,3002
csozx.?x-.zq-(PDEC(n)11no;)~.05-(?REC(H)1100.1o.2
IFIPRECIM) GT.2424) CSP=.879

XSXT.4BS

SC=XxS X+ CSHHeCSPsCST«CSE

IF(S.LT.0.13 S=SC :

RS=S/SC

FRSZ48S(S-SC)

C-— — COMPUTATION OF EVPP FROM PICHE EVAPOR ATION === —m o = o o = o =

CHMP=,260.7 5o (HM (M)/ .75}

CPRP=.75+.37¢ (PRECIMI/1COL )= 070 (PRECIN} 710 0.) 082
IF(PRECIM) .6T.230.) CPRPZ1.120

XP121.700

FVPP=XPTePICHIM) s CHIEPe(PRP

C-— — CALCULATION OF £VC BY CHRISTIANSEN®S FORMULA WITH sbﬂsntﬁt47§4éé%é

tTC:.SSO.2S-KYH(H)/?U.)O.ZGfKTH(HlI?B;l"z
CHV:}.SG-.EU‘(H*(Hll.80)-.?00(HH(H)I.80)“2
CST1eNI* 17U ((S-e503/ 500002

IFt(S.LT.0.40) CSZ1.00

CF=e93e.07etEL /1000
CPC=1a78-a2 80 (PRECIN)IZ1SUe Ve 0.5

IF(PREC(M) .GY.150.) CPC=1.00

XVCz.233

tVC:XVC-RHH(H)'CTC'CHV'CSOCF.CPC

C-— — CALCULATION OF EVPZ BY CHRISTIANSEN®S FORMULA WITHOUT SUNSHINE——

CY!:.SSO.ZSO(T“("II?O.)0.20'(TH(HIIZB.)‘.Z
CHX:I-GD'.ZS‘(HH(Hll.80)-.3S°lHH(HII.80!'.2
CEX=.93¢.07°(EL/1030.)
CPX=1.35-2350(PPECIMI/LISh)e %S

IF{PRECIM) .GT.150.) CPX=1.00

XVX=.291

FVXZXVXeRMM (M) »CEXOCHXeCTXeCPX

¢-— — CALCULATION OF £VH BY HARGREAVES® FORKUL A= —m e mm e e o o o e e S =

CTVHZ 6 0e.026eTH (M)
CHVHZ.(0541.42°SORT (1.00-HMIR D)

WA= 12e-U4*PPECIM) «.DONCS*PRECIN »e2a
IF(PREC(¥) .GT.6UDe) WHZL,D
CUVHZ .7 2+.039¢WhR

CFH=1.00¢.07S*EL /1000

XYHZI. G50

EVH=XVHe RMM(M) oCTVHeCHVHe CUVHe CEH

Cm— —~ ASSUMING EVOM(N) IS THE AVERAGE OF EVC:EVX AND EVH— o e e

JF(FVPMIM) JLT.1.0) EVPHIMISLEVCOEVXeEVHI /30 - -
REVYPZFVPM(MYZEVPP
FROTARSIEVPM(MI-FYPO)
IF'OICHI(M) .LT.1.0) ERPZ0.
RCSTEVPHMIMIZEVC
FRCzABSLEVPM(MI-EVCY
PCXTEVPMIN)IZ7EVX
FRYZABS(EVPMINI-EVXY
RCH=EVPHIMIZEVH
EPHZABS(EVPMIMI-EVH)
RETURN

END
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TABLE Bl., COMPARISON oF FGRHULAS FOR COMPUTING PAN EVAPORATION FOR SUVALEs BRASIL

o e S —— . — T G i ——— — ———.—-———_———.———.—————.—-——-—-————————.—-—.—————— — ———— — — - ——— —

‘R2.578 TEREZINA PTAUL LAT S 5 S LONG 42 89 ¥ ELEV 79 H
M0 TH  HM  EVPM PREC  RMHM 1D RS PIGHE EYPP REVP S sc RS EVC RCS. EVX RCX . EVH RCH V6
1 "77-2 77 188 175. 693. 10.3 195. 0. '0Oe 300° o51 : .54 . «96 " 176 1.05 -176. 1.05 1688. 103 &5
2 ?505 -83 1‘48- 235. “5“. Q.S 16 S. : ) 0- 00 M .00 .Qg .“8 1-01 -' 1“ 8. 1’.00 1" 6‘0 1 001 125. M 1 ola ) 50“
3 26.2 -85 157. 31le 49l.. Se.1 167. - Oe 0. - %007 .4S 46 96 " 156e 1.01 : 153« -1.03 122. - 1.29 4.4
4 26«3 83 12S. 25 . 449a 9.2 1291. "Ne- O - =00 +53 «48 1.12 " 14 7. - 88 14S. «89 124. 1.04 5.1
§ 266 <81~ 162. 91. &28. 9.7 252. De - "Oe - LOD~ <69  «57 1.22 " 156. 1.08 153. 1.06 142. -1.18 8.8
6 2F.8 .78 169. 15. 395. 11.3 279. 0. "O. “00°' .79 o760 113 "178. - .95 . 176. «% 168. ~1.01 1ll.4
7 265 +85 210 8. 417. 13.5 307. ‘0. °'D. 00  .&d .77 1.10 211. 1.00 207. 1.02 204. 1.03 11.7
8 276 <57 246 fe U449. 15.0 322. 6. 0. L00° .88 ° .85 1.03 -255. .96 248. .93 249. 93 11.8
qQ 291" «955 278. 9 468 18.7 292 ‘Oe - " De «00 «81 «90 ° =90 27 2« 102 271. 1.03 273, -1.02 '1l.6
lD 2905 o§7 278- 7.8. 499. 13.7 280. - ’ 0. * 0. .00 .75 .86 .88 2720 1.002 27 5. “ 1.01 282. .99 10‘9
11 "29.2 .81 24D 60s 48la 12.6 250e - Be ‘Do 007 o638 ° 77 .88 234%. 1.03 238. 1.01 23K8. .98 °© 9.8
12 ?8.2 -68 212. 105. “91.‘ 11.3 2190 * 0. N D. . .000 . .SB * .55 ’ 088 20“0 1-0“ 207. 1.02 212. 1000 8.3
AVE 27.48 .705 201.1 1N8.1 459.2 11.66 243.2 -0 <0 oDOD o667 - <669 996 200.7 1.002 193.5 1.008 192.9 1.042 8.81 "
MEAN ARSOLUTE ERROR, PERCENT -0 9.9 3.3 2.B 5.1
OVERALL AVERAGES
AVE 27.18 <640 2?14el B8%5.6 457.6 12.74 237.9 -0 oD "<DD0 <716 <719 <995 216.6 <988 213.8 1.001 214.3 .933 9.38
MELN ABSCLUTE ERROR., PERCENT ' -0 5.9 5.5 5.2 5.0
VALUE OF CONSTANTS IN EOUATIONS 1.700 «8 85 " 293 - e291 0 . <850
VALUE OF CONSTANTS FOR RATIOS = 1.0 - .000 .u 83 " 2290 .28l © - TLuAg:

- A — —— —— —— — —— T — —— T . — G ——— —— —— — . — — — —-—_—-———-—-—-——-—.——-—.————————_————-—..—“—-—-
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TABLE B1l, COMPARISON OF FOPMULAS FOR COMPUTING PAN EVAPORATION FOR SUVALE. BRASIL

87.979 . REMANSO . BAHIA LAT 9 41 S LONG 82 . & W ELEV 411 H

1) ™ HM FyPM PREC RHMM 10 HRS .PICHE EVPP REVP s sC RS EVC: - RCS  EVX RCX EVH RCH us
1 ?T«% 51 228 Q2e Sile’ 1 - § ‘" Oe Qe * 0. - 00 «76 «76 1.00 257, .-87 25 G .88' 280+ - 80 8.7
rd 27o§ OS? 19“- GS- '359- luos 0. cl. ‘Oo .-00 080 -80 1000 ?"0. : 081 :.?35. 082 257‘. * 075 9.6
3 27.1° 51 217 1718. 483. 18.2 ‘Na D. '0. % oo 73 .73 1.N0 235. «92 234. .93 258. - 84 8.3
g 27.% .51 2n2. 35. 435. 14.7 *0.- O« S - N0 .88 «88 1.00 24le <84 235. «86 253, .80 10.7
5 27-0° -S0 240 10 &4Ud5. 1S.1 Oe D. ‘De - .00 -89 .89 .00 24le. v99 233. -1.03 244, - .99 1l1l.6
f 26eN  -SN 234, 1. 368« 1S.6 O. O. 0. P47 .88 © .88 1.00 220. 1.07 215. 1.09 219. 1,07 12.0
7 7?56 «50 25t. 1« 390. 15.8 o. G- " Qe 00" .87 .87 1.00 228« 1l.11 ~22%. 1.13 230. 1.11 11.9
38 260" .48 283. 0. 430. 161 - De 0. - O. .00 .89 .89 1.U0 266« 1207 259. 1.C9 259. -1.09 12.0
9 27.2 46 313. 4. 460. 158 "Oe . -Ue - "0e L 0o .93 .93 1.00 295« 1.06 280. 1.12 269. -1.08 "11.9
10 283 45 345. 10. SiMe 15.3 . De Ue - D LoD .S .96 1.00 335. 104 312, 1.12 326, 1.07 11.6
11 28.0° .u? 281. 78. 495. 1l4.6 " Oe Ge * Qe »0on «82 .82 1.U03 269. 1.05 262. 1.07 289. 97 9.2
1?2 275 « U8 248 93. S10. 14,5 De “ i De [+ 79 '.00 el7 . 77 1.00 260 «95 257« «97 . 284 . «87 8« 7.
AVE 27.08 .891 253.2 41.8 454.7 15.08 «0° <0 .0 " -UD03 <88% <844 1.000 257.3 .984% 250.1 1.012 265.7 : «953 10,51
MEAN ABSOLUTE ERROR. PERCENT -0 0" B2 9.9 T 1261
82 .376 CAXT AS MARANHAO LAT 4 52 S LONG 43 21 W ELEV 77T M
H0 ™ HM EVPH PPEC  RHM T0D HRS PICHE EVPP REVP S sc RS EVC RCS  EVX RCX EVH RCH W6
1 26ReR -T7 164. 1R39. 492. 1l0.3 190.° 0. - "0 L00 «S0° .53 -95 " 173. «95 172. .95 1666 - 99 6.7
2 26.2 -83 1Su. 243. 450 .7 157 - Q. " D. 00 .46 .38 97 " 167 1.02 .165. 1.08 125. 1.20 Se2
3 7?61 +88 12. ?°8. &9l. 9.5 16S. O * De Lou .t 47 .94 158« 103 15Se. 105 127. -1.27 4.6
4 762 1 159. 293. 449, 9.5 184, 0. ‘D =00 .52 JU7 1.10 184. 1.10 182 1.12 117. - 1386 8.7
5 763 -81 15%. 72. 429 9.8 2846, Ge N. .00 .67 .58 1.15 "158. 1.00 157. 1.01 1u7. 1.08 9.4
6 759 «75 - 1lR6. 139. 39%. 11.2 26 3. N. 0. -00 .75 «68 1.11 ‘169, .98 " 169. .98 1ble. 1.03 11.3
7 25.7 =69 i Qu. 8 4l1l7. 13.0 291. . ' 0. *onc .80 .72 1.10 186. .99 18S5. 1.00 130, 1,02 11.7
8 76«7 -63 218. 3. 4S0. 14.3 30S. De ‘' 0. L00 " .88 .83 1.06 238. .81 " 235. - 93 - 230. «35 11.98
g ?78.1" 60 ° 2&l. 13. 468. 14.0 275. - Q. - O L00° .77 . .84 «92 24 8. e37 251, e36 253, - 95 11l.5
110 " 28.7 R0 231. 29. 493, 13.3 266 Qe ‘0. Lan T .71 ° .82 -86 25S. 91 : 260. .89 267. © .87 10.9
11 28«4 -fS 219 RRe 48J. 12.1 233. Ve "G OO0 .88 .72 .88 218. 1.01 "223. .98 <229. .96 9.6
12 27.6 «71° 192. as, 4383%. 1.2 213. - De. C. +00° .56 «63 .88 ~187. «97 - 201. .95  203. - .95 8.6

AVE 26.89 <725 1873 1NT.3 459.1 11.89 232.5° .0 o0 <DOD" <637 648 o989 1%1.8 .980 192.1  .978 184.8 1.019 8.83

'MEAN ABSOLUTE ERROR., PERCENT ' -0 9.7 . 8.2 5.0 . 9.1



B3.386 JANUARIA ’ M.G.

TS T S TS SR S i i e e i GRS G G s —— — — — —— — —— ——— — — — — — — — — ——— —— - — — — —— — — — — —— — — — — —

25.1 .78 177. 147. S28.
25.3 17 169 105. 46S.

25.2 -78 171. IN3. 48la’

3

2

3

[ 8.6 76 160 S2e 412
5 ?23.3 T2 156. 1i. 370
6 272.7 <69 1ug. 1« 333
7 22.Nn° bl 164, 1. 353.
8
9

234 «57 20S5. le &01.

?5.5 -57 230N 16 845,
10 26.8 -63 234, S7. 5SU0S.
11 25.2 -78 177. 165 SuU9.
12 28.7 -81 167. 217. 530.

10.7 217.
11.1 218.
10.8 231.
11.2 23 5.
13.0 255.
14.4 251.
l4.5 26S. °
15.5 281. °
15.2 248,
13.6 21S5.
1l1.2 16 7.
10.2 174.

S LONG 4%
-8le 152.
75. 1300
79. 0.
87. 133,
IOD. 130. -
113. 136.
137. 15S.
168. 177.
17R. 197.
167. 229.
8. 183.
72. 143.
158.9

BVE 26481 <706 179.3 73.1 8664.3 12.62 230.3 112.8

MEAN ABSOLUTE ERRORs PERCENT

OVERALL AVFRAGES

AVE 23.75 .7S8 150.8 117.1 447.0
MFAN ABSOLUTE ERRORs PERCENT
VALUE OF CONSTANTS IN EQUATIONS

VALUE OF CONSTANTS FOR RATIOS = 1.0

10.98 221.3

12.0

1.16

1.128

S4.6 151.2 1.063

13.7

1.700 -

1.808

ELEV 439 M

S 1
57 «52
«62 «56
e67 . 61
«73 65
«76 =66
«76 «568
«73 =76
-68 «79
«S6 «71
1) 52

1.11
le1l
l.11

. 1la10

1.12
1.15
1.12
1.04
739
.Bq
«92

«636 <625 1.019 178.8

11.8

I . W A D D — —— —— — — — —— — ———— T G — S S — — —

«608 ‘ «551 1.104 162.8

13.5

«4 85 -

«535

EVC RCS EVX
‘179. 98 177. 1.00
:170. 1.00 170. 1.00
"173. «99 172. »93
‘160« 1.00 151. «99
156+ 1.00 ° 157. =99
Tl 4,  1.00 146. «99
“182. 1.01 " 165. =99
202« 1.01 " 204. 1.00
221. 1.04 229. 1.00
228+ 1.04 232. 1.00
“177. 1.00 177. -1.00
T 173. «96 171. 97
1.005 180.3 .995

1.5 7

«988 162.5

23 1.6

' «293 «291 :
«289 «288

174,

158. -

15 8.
159.
154,
14 2,
154,
208.
240.
244,
176.

- 156. -

173.3

2.1

3.7

" <450

TeusL

=990 157.1 1.023

847

S o T T e e e e ™ i e e s s s e e o i e il > > e " —_—— —————— —— — —— ——————— — ——— — ——— — > s o et o o i 7o o

N

L



TABLE Bl. COMPARISON OF FNRMULAS FOR COMPUTING PAN EVAPORATION FOR SUVALEs BRASIL

At.S87

M0

- D —— — — — — ——

NRDOONNNE WN ™

- b -

3=
<
m

MFAN A8SOLUTE ERROR,

—————— - — — —— — — T — — — —

R

‘228
22-9
223
21«1
19.1
18.0
177
19.0
208
21«5

217

2.5

2071

.

8%.589
MO ™
1 27.9
2 278
3 27.3
a 20.6
S 18-a
6 16.8
7 16e8
8 17.3
9 19.8
10 2t.n"
11 21.8
12 27.2
AYE 2n-%17
WE AN

ARBSOLUTE ERROR.

HM

«76
-78
75
-74
73
72
«67
-61
*&3
=69
-78
«80

«7TR

77
T8
80 °
-81
-81
-80 "
7R
73
.71
73
77
79

<771

RELO HOR+ZONTE

38.
113.
215.
ISL,

153.5 122,.8

EVPM

169
1a7.
144,
121
107.

q5.
1Nu.
135.
157
163.
157.
159.

138-1

PERCFNT

PPEC

?Kl.

211.

193,
104.
37.
1S.
15.
8.
LTS
lal.
?2147.
435.

186.0 435.0 12.37

PERCFNY

538.
“67.
471«
392.
342.
300.
323.
376.
430.
Stle
515.
S42.

433.0 10.16

CONCEICAO DO MATO DENTM.G.

536a
466
473
39F,.
347«
306«
328
38l.°
433
502.
514.
Stia

——— — —— — — ——— — —— — — —

LAT 19 S5 S LONG 43 56 W
1} HRS PICHE EVPP REVP
e.u 192.  88. 169. 1303
9.6 174. 80. 150. 1%05
.3 2pS. - 87. 161. .96
9,7 219. 8%. 134. 1.03
10.5 240G. 89. 127. 1%.04
11.1 2439. 92. 118. .95
11.2 257. 108. 130. .98
12.1 263, " 139. 150. ~1.02
11.5 199. 139, 183. 1.n0
10%.0 182. 176. 205. -89
9.1 171. - 95. 179. = .9%
8.8 182, 78. 155. 1.02
207.9 1004 155.3  .989
_ 4.2
LAT 19 2 S LONG 43 25 ¥
TD - HRS PICHE EVPP REVP
11.2 182. 8u. 163. 1M
1l.8 160D. - 768. 1la&., 1.02
10.8 151. 72« 1142. 1.01°
11.1 146 6B8. 116. 1.03
12.4 171 - B6e. 102 1.08
1.0 .170. 65. 92. 1303
14.0 17S. 79. 10S. .45
16.0 208. 1f&. 134. 1201
14.7 189. 107. 153. 1.02
12.4 12&. 104. 18S. - 88
10.6 12&.. 83. 161. .98
9.8 124. 70. 139 11.14
157.9 81.0 136.7 1.010

ELEV

.n7
=49
«55

.63 -

-70
«77
«75"
«75
56
- 47
.“n
.35

«578

ELEV

’ 17“.
" 150.
"4 7.

102
“131.

915 M
sc RS
«47 1.01
<49 1.01
4R 1.1
<53 1.20
.55  1.27
.55 1.40
.57 1034
.62 1.70
-f2 . <90
.53 .89 °
.“5 -95 :
.43 .80 °

«525 1.102

15.8

675 M
s¢ RS
« 46 «98
.45  .9R
46 .92
«48 1.04
47 111
47 1.09
.52 1.13
S8 W77
47 .68
o84 W72
<44 . W70

<872 .925

15 .9

1.00
1.02
1.02
l1.00
1.02
1'.03
1.06
1.C%
1.00

«95

1.009

17 8.
15 8.
1S4.
137.
126.
112,
127.
160.
178.

179.

16 8.
ls S.

1S3.6

1.2

- 102
-8

« %%

‘«986

1.05

- 100
- .99
98
‘98
<99
«98
«36
.9“
«935
1.01
*le18

«891

1.05
- 103
- 1.04

1.01

1.02

1.02

1.00

«38
«96
- 1210

1l.01¢

— — —— - —— —— G T T W S TP D = W S T ) S — S S T Wt W T S S— - S— -~

4.9
6.1
6.8
9.2
11.1
11.6
11.7
11.6
10.5
8.1
S.7
q.v‘i

8 .46

5.0
5.8
6.1
8.4.

"10.6

1i.8
11.48

" 1147

10.8
7.3
4.6
4.0

8.06



TABLE Bl. COMPARISON OF FORMULAS FOR COMPUTING PAN EVAPORATION FOR SUVALE. BRASIL

R3.229 ONDINA BaAHIA LAY 13 ©O°S LONG 38 31 W ELEV §S M

MO ™ HM EVPM OREC RMNM 70 HRS PTICHE EVPP REVP S SC RS €ve RCS EVX RCX EVH RCH W6 .

I 26.2 - 80 189. 76« 521" 1D.7 27 3. S4. 1f0. 1l.18 «70 «58 1.20 194. «97 181, «93 181l. - 1.08 Se

2 2h.6 «79 1f<, 85. 483. 10.6 24 2. 88. 1S1l. 1.12 =69 «58 119 "174. «97 171l. «93 153. -1.04 9.

3 2Re%h « 30 182, 153. 486. 10.S 243. ° 88. 170. «95 t L8S e52 125 " 167 «97 1563. «39 155, 1.04 Ta

8 ?26.0° .82 130 291. 423, 9.7 2(18. 76- 155. .83 «59 «47 125 138. =98 13 6. «95 115. 1.13 4.

S 24.8 -83 112, 293. 336 9,2 186. 72. 119, «75 1 o453 - W45 1.16 120. «34% . 118. «95 99. -1.14 Ye

13 281" «82 103. 187 Iu7. 9.3 187. 72 1S . s 71 - «58 - «4s 1.29 107. «96 10s. 98 * 97, 1.06 6e

7 23.3 «81 1087. 2N%. 369, 9.2 197. 78. 158, «68 «56 <44 1229 " 111. «96 110, +S58 100, -1.07 Se

L} ?23.3 80N ° 133, 97 . 413, 9.6 22“._ 8ha 152. - 87 «63 -50 1.25 " 134, «99 134. =99 130. -1.02 8.6

9 23.% «80 148, 83. 4S5le° 9.9 220. - 83. 1a4S. 1.03 « 62 «52 1.17 " 151. «33 1Sl «23 145, -1.03 S.0
111 28.18 =31 168. 91. 504. 10.4d 246. 88. 156. i.n8 «65 ° 453 l1.22 " 172 .98 170. 93 161 - 1.04 8.8
1 2%.2 «83 156. 135. 503. 1C.D 222. 80. 15S. 1.0 ° .59 «49 1.19 "161. «97 . 159. «38 148, -1.05 - 7.5
12 25.7 «R3 171 104 S522. 10.2 24 2. 83, 152 "1.12 61 . <53 l.16 " 176, «97 17S. «98 162« 1.06 8.4 .

AVE 25.05 .811 1456 150.8 589.1 9.9]1 225.1 82.5 154.80 <946 <616 <506 1217 1508 .969 1u48.56 .980 137.9 1.056 7.40

MEAN ABSOLUTE ERROR. PERCENT 15.2 17.8 3.2 2.0 5.3

83.689 BARBACENA M.G. LAY 21 15 S LONG 43 46 W ELEV 1126 M

1) ™ HM EVPM  PREC RHM TD *HRS PICHE EVPP REVP 3 sC RS EVC RCS EvVX RCX EVH RCH wé
1 18.9 -81 152, 237. 539. 9.9 173. 68s 137. 1.11 [ .42 «81 1205 ¥ 158 - «97 156 «98 l43. 1.06 5.3
2 19.9 -81 132 212. 465« 10.1 152. ° ffN. 121. 1.09 «83 - .41 1.05 " 136. 97 . 134. .98 125, 1.0S 5.8
3 19.1 «83 126. 18R. 4E7. 9.5 170. S8. 118. 1.07 «45 39 1.15 "13p. «97 128+ .98 ° 120. 1.05 6.3
& 17.S% .83 110. f. 384. 9.6 166.  SS. 93, 1.18 48 * .48 1.10 111. -99 112. .98 107, 1.03 S«6
S 15.9 82 97. e 332. 10.7 187, S8. -89. 1.09 «58 © 4% 1.32 ° 98. 1.00 100. «98 ° 95. 1.03 1D.8
6 V8.8 =31 85. ?le 29%. 11.8 195. 62. ap. .94 «61 [ .43 1.81 ° 85. 1.00 87. <98 - 83. 1.02 1l.2
7 1lu.u =78 - 9RA. 13. 313. 11.8 2n2. 71. 98. =98 <80 T W44 1.37 95. 1.01 9 8. «98 95. 1.01 11.5
R 15.6 -78 127 19. 36R. 12.9 219. 9?2. 125. 97 .63 <48 1.32 " 119. 1.02 122. 1.00 124. .98 11.3
9 169 75 136. S8. 42u. 11.8 15 5. f8. 136. 1.00 .84 46 «98% 132. 1.03 135. 1.01 141 - .97 9.8

18 17.9 79 1472, 13W. 498. 1n.4 FLK: S 78« 146 - 98 «38 sl41 I .9% T 1%1e 1.01 @1%l. 1.01 144, «99 7.5

11 1R8.8 -81 141 185, 515. 9.8 150. 69. 138. 1.03 «39 -39 .99 14 4. «98 182, «99 138. -1.03 6«3
12 19.0 .84 142. 289. 5S44. 9.0 130. ° S8. 121. 1.18 32 «38 «83 150. «95 - 14 8. +95 "~ 128s - lall 4.6

AVE 17.84 <801 123.5 120.8 42844 10.61 171.6 &B.1 11756 1.050 ° <877 422 1.128 1249 4983 125.3 '°985, 120.3 1.027 8.34

MEAN ABSOLUTE ERROR. PERCENT Be7 15.6 2.3 1.7 3.8

——..-—————_._..__.__————-———————-———-———...._-------__.___—_—_—.————“——- — e P r E—— S S— S — - —

-~
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TABLE Bl. COMPARISON OF FORMULAS FOR COMPUTING PAN EVAPORATION FOR SUVALZs BRASIL

e e s ————— — ——— — — ——— — —— —_— — —— — — ——————— " o — T —— —— — — — ————— A — — — " T~ o T S W s s et . s

A3.0096 ARACAJU SER LAT 10 S5 S LONG 37 S W ELEV €M
MO ™ HM EVPH PREC RHA TD HRS PICHE EVPP REVP s sc RS EvVC RCS EVX RCX EVH RCH w6
1 28-S <77  203. 43. S1S. 10.2 253.° 111. 168. 1.21 «65 +64 1.Nt ° 205. .93 207. «98 198. -1.03 10.4
2 28.R 77 187, 45. &6l. 10.8 226. ° 103. .157. - 1.17 e65 * 6% 1.01 " 184. «99 186. 98 ° 178+ -1.03 10.3
3 2R.9 T8 177. 107« u488. 10,3 224. 10S. 18S. -96 .60 ' «57 1.05 179. .93 179. «99 173. 1.02 B.3
&8 26.4 . <79 183, 1F2. &33. 1N.2 214. 91. 174+ - 82 61 «S1  1.18 147 98 145 «99 138. - 1.04& 6.8
S 28%.4 .81 122 ?853. 397. 10.0 190. 80 162 «75 t 4S3 87 1.14 128+ 495 127. .9 ~110. 1.10 4.9
& 245 -80 111« 177. 360 9.9 186. 80. 156. «71 ° W54 <47 1416 " 114. .98 113. .93 107. 1.04 6.5
7T 23.8 -80° 11A. 161. 382. 1n.0 179. 8n. 154, «75 ¢ <51 ° .46 1.99 118. .98 117 «93  113. -1,03 6.8
8 2%.7 .78 10, l04. 423. 10.0 201. 22. 1fF2. - 86 «56 .51 1.0° ' 139. 1.00 140. <99 139. - 1.00 8.6
g 2u.5% .77 166. S4e 4S6a 3.9 214, SR8. 154. 1.08 .60 .58 1.03 " 165. 1.00 15 8. .99 154, -1.01 18.0
10 25.8 .77 190. SGe S5U3. 10.1 242. 1n3. 1b50. 1.18 «B4 A1 1.05 130. 1.00 193. .99 186e - L.C2 10.1
11 ?5.8 .78 138. 43, 492. 10.3 246. 1lil. 158. 1.19 «65 .61 " 1.07 130. .99 191. <98 182, 1.03 10.2
12 262 .78 200 38. 518. 13.4 268. 1luU4. 157« 1.27 e68 ° .63 1.08 203. .98 204. .98 192. 1.08 10.5

AVE 25.89 o733 16816 1NG.4 452.4 1018 220e2 5.6 162.2 995 <602 +SA0 1.076 163.5 .988 164.1 ~.984% 156.8 1.030 B8.61

MEAN ARSOLUTF ERRORe. PERCENT 18.6 . 7.0 1.% 1.8 2.9

£3.179  RARRA BAHIA LAT 11 5 S LONG 43 1D ¥ ELEV 438 M

MO ™ HM  FVPM  PREC  RHM 10 HRS PICHE EVPP REVP S sc RS EVC RCS EVX RCX ' EVH RCH ub
1 267 -65  22°f. 9. S15. 12.5 270. 129. 194. 1.17 «R9 eR7 1.0 224, 1.02 224, 1,02 235. .97 8.8
? 2.8 «67 201« Q3. 46le 11.9 251.. 116. 178. 1.13 73 «66 1.11 ° 1899. 101 197. 1.02- 206e - 98 8.7
3 76.H .68 201. 119. 488. 11.9 256. 116> 190. 1.06 .68 <62 1.11 ' 199, 1.0} " 198. 1.02 206. - .98 ° 8.0
& ?Ren NS4 195. 62. 430. 12.5 278%. 121« 173« 1a.12 .79 59 1415 195. 1.00° 191. 1.02 138. - .98 9.7
5§ 25.5 -6i1  201l. 16« 397. 16.2 299. 140O. JF2. 1.28 . B4 .77 1.03 202. .00 198. 1.02 2GS. .98 11l.4
& 24.S5 «S5  197. 0. 359. 16.0 3G4e 148Be. 151e 130" RS .80 1.11 " 201. .98 195. 1.01 135, 1.0} 12.0
7 281 <53 211.- 0. 38le 16.5 31%9. 162. 167. 1.30 «S3 .83 1.12 215. .98 238. 1.01 210. -1.00 12.0
8 2%.N .48 2Sl. D. 423. 16.8 329. 198. 184. 1.36 «91 ° .86 1.06 255. .98 246e. 1.02 250. -1.00 12.0
9 27.2 <4f- 27TRe B. 457. 15.5 288. 224. 2l1U0U. 1.32 Bl : .93 .87 . 273. 1.02 273. 1.02 287 .37 11.7

10 28.% -8 298, 32. 50S. 13.9 285, 242. 253. 1.18 .75 -91 e83 239. 1.03 292. 1.02 312. - .95 10.8
11 27.5 .60 229 118. 499. 12.? 286, 166. 246 .93 .65 .68 96 222+ - 1.03 - 228. 1.02 24l. «95 8.0
12 2R.u -G8 20% 187. 515. 11.5S 282. 134, 226. «91 ! .62 <58 1.0 201. 1.02 2%2. 1.02 212 «37 7.2

AVE 25.27 +5R7 228.5 56,9 452.5 13.79 2806 158.1 19422 1.1S6 <772 747 1.033 222.9 1.007 220.8 1.017 223.7 :.977 10.32

MEAN A3SOLUTE ERROR. PERCENT 16.3 9.7 1.7 l.6 2.6

e S . D CEEE D M - - T . — —— A — — —— — —— — ——— T S S — . —— T . I ——— —— =
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?igets Bl. COMPARISON OF FORMULAS FOR COMPUTING. PAN EVAPORATION FOR SUVALE.

| 82.898  RECIFE I0LINDA™

MO TM

27.0"
27.1
27.0°
266
25.6
2“.7
24.2
28.2
25.0"
25.9
268
2?67

we b ' b
N IDDNIPUNE W W

-]
<
™m

25.87

MEAN ABSOLUTE ERRCR,

HM

.75
77
.7g
-8t
«83
-f3
.82
«30N
-78
-75
«76
«76

790 7

LAT 8 1 S

LONG 34 S1 W

HRS PICHE EVPP REVP

281.
2u0.
236.
213,
201.
186.
1%8.
214.
24 4.

2800 s
285, -

294.

23%.3

10S5.

0.
88
7a.
ss.
530
Ne.
80.
89.
101.
SR.

- 85«5

157 1.32
154, - 111"
171. «97
14 9. -95 -
13 3. «93
129. - 85
16 2. .83 -
153. - 88
1a4. 1.16
148, 1.34
140. 1.45
153. 1.38
187.3 1.097 -

ELEV

BRASIL

.93
=935
«99
-98
«97
«98

« 9869

-—--—-———-—-—_.—.—--.._——_—--—_-——————_———_——”—-_-_—_.——_———-—-——_—-—

82 -994 MACEIO
M0 ™ HM
3 28.5% -76

2 2?67 «717

3 ?26.F «73

4 2?26.1 .81

5 25.3 -83

6 2&.3 «82

7 237 «81

8 23.7 -78

9 24.5 «77
10 25.3 =76
1T 25.9 +76
12 726.3 -76
AVE 25.81 .78S5

MEAN A8SOLUTE ERROR,

PBCO
EVPM  PREC RMM 1D
207. 40. 50Se. 9.7
177. 89. 4§56, 9.7
166. 197, 493, ?.9
1631. 248, 4ulle 10.2
123. 33%. 413« 19.1
110. 313. 377. 9.8
118. 274, 399, 9.8
135 146. 436. 2.9
167. 62. 4862. 9.5
20u. 37« 501« 9.5
203. 25« 489 3.6
20S. 40. .S03. 9.6
162.2 146,9 4560 9.77
PERCENT
ALA
EVPM  PREC RMM 10
200. S8e S511. 1d.7
17%. 63. 453. JI0.8
168. 135. 489. 1N.6
13A. 225. &35, 1N.1
119, 345. ugs. 9.5
103. ?2€4. 367. 9.5
11S. ?16. 390 9.6
136. 13W. 429, Q.6
160. 86« 453. 10.0
1an, S9. 503. 10.2
201 3. 49, 1N.8
203G I8 e SID. i10.8
160.0 137.8 45450 1G.18

PERCENT

LAT 9 40 'S

HRS PICHE €vPP

281.
2uu,
zb 0.
21 6.
194.
186.
199.
21 3.
229,

268

282,

237.1

108,
Q.
85.
80«
72.
T4,
BN,
92.
9“.

1n5.

104,

lua.

LONG 35 42 W
REVP
170. 1.18
156 1.1%
178. -5
1k0. « 86
14 8. - 80
150. .72
16 1. 72
170. .80 )
189. 1.01
165. 1.15
150. 1.34 !
1b0. 1.29

92.4

160.5 " .897

«73

«71 .

- 64

«61

.Su
- 54
113
‘59
.64

71l

«75
=75

«648 -

Se M
SC RS EVC
«66 lel1 211.
«60 117 176«
«S1 123 172.
49 1.23 " 149.
47 1.20 13 2.
« 45 1.19 11 7.
«45 1.23 7123,
-48 1.23 " 137.
«S8 1.18 “ 159.
«64 l1.16 208 .
«h7 1.15 208.
«65 1.16 210.
«554 1181 167.8
15.3 32
ag M
SC RS EVCe
«h2 1.15 204,
e62 1.14 ' 182.
-S4 1.20 17 2.
48 1.26 "14S.
<4E 1.18 " 127.
« 45 1.21 11%.
.44 l1.28 " 120.
«49 1.2 " 13 7.
-55 * 1.17 151.
«8U 1.19 "1%2.
«65 1.16 20Se.
«65 1.16 210.
«S545 1.187 16%.0

1.00
.99
-98
-98

" «976

162.5%

99

«98 -

«9%
«95
.95
«97
93
«99
«33
«99
«99

« 981

=393
.99
»99
97
«95
-9%
+98
1 .Dn
«99
.93
«98
99

«985

RCH w6
200, - 1.03 10.5
167. ° 1003 808
156. 1.06 6.1
128. 1.10 S.1
108. -1.15 5.2
36. 1l.l18 4.3
109. 1.08 5.6
131. 1.03 7.2
163. 1.03 8.7
134, 1.03 10.6
1¢5., 1.04 11.0
198. 1.04 10.5
153.8 1.055 7.80
SQQ
EVH RCH wé6
185. 1.03 9.8
174, 1,03 9.7
163. 1.03 7.5
127, 1.09 S.5
103. -1.15 4.2
98. -1.10 4.9
108+ - 1.07 5.7
135. 1.01 7.5
158. - 1.01 8.9
187. 1.02 9.8
135. -1.803 10.8
199. - 1.03 10.5
15346 1l.042 7.92
4,0



TABLE B1l. COMPARISON OF FORMULAS FOR COMPUTING PAN EVAPORATION FOR SUVALEe BRASIL

-—“—_———ﬁ————————-—_—————————.—————_“—----—-_-—“-—————‘—-““—_““-"——_--—.

82.798 JOAO PESSOA PARAIRA LAT 7 6 S LONG 34 52 ¥ ELEV 28 M

M0 ™ HH EVPM  PREC RHM 1D HRS PICHE EVPP REVP S sC RS EVC RCS EVX RCX EVH RCH w6
1 26-6 -76 19S. 62. 501. 1l1l.8 267. 1:03. 1683. 1.20 .70 «62 1.12 " 198. -99 197 »99 131. . 1.02 9.7
2 268 «77 172. 79. &S84, 1ll.% 235. " 83%. 148. -1.16 «69 «60 1.18 ~175. «98 173. «99 167. -1.03 S.1
3 ?6e8 «78 167. 173. u%l. 11.6 231. " 8%. 17U. - .98 52 52 1.19 "171. .98 169. «93 16le. 1.0 6.6
4 26.3 ~8&1 141 227. &23. 1l.6 214. 71 183, - .99 - 60 «43 l.24 ' 143. «85 1u46. «97 130. 1.08 5.5
5 25.3 -84 121. 30le. 418« 11.3 208. 61. 126. - 95 «57 . <45 1.26 " 131. «93 128 «95 106. -1.15 4.5
6 2.3 -84 106, 348, 382. 1l.1 192. 57. 118. «90 <55 <G4 1427 " 115 »93 113, « 94 91, 1l.16 4.1
T 237 88 11€. 190. 40%. 11.2 2G7. 6£5. 133, - 86 <58 o4 1.32 " 120. -85 1138. -97 . 106, -1.08 6e2
8 23.7 «32 133. 132. 440. 11.S5 231. 78. 142e -9 «63 <47 134 137. «97 134. «99 128. 1.04& 7.6
9 28.7 -79 165« 6le 463. 11.4 237, 87. lu8l. 1.17 «66 ° <57 1.156 ' 157. «99 157. «99 16le -1.03 9.8
10 2?5.h 77 207. ?3. 500. 11.3 282. 10Se. 14%9. 1.36 «75 «65 115 206. .98 20S. «99 135S. 1.04 1l.1
11 26.1 -78 197. 31« 48ie 10.9 280, luBe 153. 1.29 76 «65 1l.16 202. «98 199. - 99 °'190. - l.C4 10.8
12 26.% «78 200. 41, 89%. 1t.l 282. 106« 158. " 1.26 «73 - <G8 1l.14 206. »38 202. «99 19%. 1.03 10.5

AVE 25.52 «795 159.6 139.0 456.8 11.32 238.9 8&.8 145e4 1097 <6553 - <546 1.197 168.5 <870 162.7 ..981 15S1.6 1.053 7.96

MFAN ABSOLUTE ERRORe PERCENT 14.0 16.5 3.0 2.0 5.0
R2.731 NAZARE DA MATA pPBCO LAT 7 4§ S LONG 35 1S W ELEV 87T M
“o ™ HMH  EVPM  PREC  RMM 10 HRS PICHE EVPP REVP s sc RS EVC RCS EVX RCX EVH RCH V6

—-—"n———————-—_-—.—-—-—.—.—_——-_—.—--——-—.—.—_—..—.._-—-—..—-—.—._.--—————..——_..———.—.———————_——

258.  109. 158. 1.32 W67 . .66 le01 : 20S. 100 211. - .99 206« 1,31 10.6

7Rael8 78 209. I8 503. b3
1 216. 88 . thn. 1.27 «63 «62 1.02 177. 1.00 179. «99 174, -1.02 9.7

1
26«5 -76 177. fle 4S6. s}
262 «79 172« 108. 490. S 224. 83. 189. 1.15: 60 55 1.09 174, «99 174. «93 1567. -1.03 8.2
9 207. " 6S5. 127. 1.409 SR +S0 118 " 142, «97 140. «98 © 132+ - 1.05 7.1
8
8

3
1S
]
25«5 -82 138. 151. &4J. o
3 19Q0. St. 113. " 1%08 «52 <45 1.17 " 126. .95 124. - .95 108. 1l.11 6.1
n
4
0
2
3

24.7 « RS 119.- 197. 4l4.
?2%3.5 «-86 _10%2. 197. 378.
-85 112. 128« 400« 8

173- ug o 100- 1'-02 » 50 42 1.18 1090 94 107. ) «96 910 ° 1-12 6.1
1839. 53. id4. 13C8 «S3 o845 1.17 " 117 «96 11S. «97 105. 1.07 Te 7

22.9 -83 134, 77. 437a Q 204 . 63. 111. 1.22 - 56 59 1.13 * 138. «98 138. «97 123. 1.05 8.2

23.7 -80 161. 339. 462. 10 232. 75« 11 7. 1l.38 «65 «57 1.14 16 4e. «98 1% 5. .98 - 155,- 1.04 10.5
T 28.8 77 198, 1. 500. 11 258. 10MuUe. 181. -1l.ul <71 I .84 1.1l 200. «93 202. .98 192. 1.03 11.2
25.86 =74 202. ?7. u4B8Re. 11l.8 262. 1U8. 1S51. - 1.33 «71 | .66 1.07 202. 1%.00 208. «99 198. 1.02 10.9
25-’ ° 01“ 208. 33. 501- 11.6 273. : 109. 156. 1.33 071 * .SS 1.07 209. 099 210. 099 20“. 1.02 1007

N=2D000NOWNEWNW
~N
N
.
O

- wldh b

AVE 24.91 <797 161.0 9N.2 455.9 9.96 2287 . 797 130.6 1.233 .61% «557 1.103 163.9 «982 164+1 "o981 155.1 1:.038 8.93

MEAN ARSOLUTE ERRORs PERCFNT 18.9 . ' 9.3 1.8 1.9 - 37

.—————-——_—..—-.————-————__—.————————-..——..————-—————————--————-—.—..—.———-——*—o——
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