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IRRIGATION REQUIREMENTS AND 

GROUND WATER DEVELOPMENT 

by George ff. Hargreavesl 

Irrigation development from ground water frequently receives less
consideration than is warranted. This is partially because surface streams
and reservoirs are more visible. Sometimes ground water development

is delayed because of uncertainties of ground water 
yields and of develop­
ment costs. In many instances the principal problems are shortage of

equipment and of specialists trained in ground water 
development and in
 
water resources development planning.
 

2According toSouto Maior (10) , usable water in the underground

reservoirs of the sedimentary basins of the Great Northeastern Region

of Brazil is twenty times the present capacity of all surface reservoirs 
in the area. Within these basins the paucity of area irrigated results not
from the shortage of water available but rather from scarcity of good

lands and the absence of economic conditions, equipment and trained
 
specialists required for development and 
use of the water potential. 

A knowledge of irrigation requirements and of vegetative water use 
relationships is essential to a good definition of the water balance and of

potential ground water recharge. 
 Gaspary and Rebaucas as quoted by

Souto Major (10)indicate that in the Northeast there is 
 a linear relation­
ship between annual precipitationa and grou.-dwater recharge for the range

500- 1000 mm. Probably, however, precipitation excess potentialover 

evapotranspiration will provide 
a more satisfactory index of potential

ground water recharge. This paper presents 
a moisture availability
index that is suggested for use in evaluating water balance conditions. 

1 Research Engineer, Agricultural and Irrigation Engineering, Utah
 
State University, Logan, Utah.
 

2 Numbers in parentheses refer to the Appendix-References. 

Note.-The work presented herein was financed in part by the Agency
of International Development through its contract AID/csd-2167 with UtahState University. The views presented herein are those of the author and
do not necessarily represent those of the Agency for International Develop­
ment or Utah State University. 



The basic philosophy of irrigation development requires further 

evaluation. There is considerable tendency in many countries to pro­

mote the construction of large federal irrigation systems utilizing sur­

face water supplies. Many of these have been constructed at consider­

able cost in areas where previous experience with irrigation has been 

largely lacking. In some cases many years have passed prior to full 

project development and utilization, resalting in large costs for interest 

on investment during construction and project development. In a few 

cases, where projects have been constructed to provide irrigation as a 

supplement to rainfall, benefits have not justified more than partial utili­

zation of the project facilities resulting in large economic losses to the 

economy of the country. These costly mistakes can be eliminated by 
more careful planning. Interest on investment during development can be 

greatly reduced provided that groundwater conditions favor an initial 

development using ground water resources. 

In areas where ground water resources are available, desirable public 

policy may include subsidies aiding the private development of irrigation 

from ground water in order to develop a sound basis of experience for 

future developments. Important public projects can thus be postponed 

until the needs and demands for them are clearly indicated. 

A reliable methodology for evaluating the needs for irrigation and the 

amounts of water required can provide a most useful planning tool for 

ground water and other water resources planning and development acti­

vities. This paper presents a method for estimating irrigation require­

ments that has been evaluated using Brazilian climatic data. 

DEFINITION OF TERMS 

Actual Evapotranspiration, ETA, is the use of water by agricultural 

crops including direct evaporation from moist soils and wet vegetation. 

It depends on the climate, the crop, the soil moisture supply, and the 

timing and methods of irrigation. The climatic factors are considered 

in the estimation of potential evapotranspiration. Crop factors influenc­

ing actual evapotranspiration include percentage of ground cover, height 

and total leaf surface and other plant characteristics. Evapotranspiration 

is limited by soil moisture availability within the root zone and by prac­

tices that reduce evaporation. 

Potential Evapotranspiration, ETP, is the amount of water trans­

pired from an actively growing, short green plant cover (usually grass) 

with a full crop cover and a continuously adequate moisture supply. It 
is dependent upon climate and can be estimated from climatic parameters, 
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the most important of which are available incoming radiation, tempera­
ture, relative humidity, and wind velocity. The incoming radiation is 
related to the extraterrestrial radiation that reaches the outer atmos­
phere, and the factors that influence its transmission through the atmos­
phere such as thickness of the atmosphere as determined by elevation and 
the percentage of possible sunshine or cloudiness. The energy available 
for evapotranspiration depends principally upon radiation andincoming 

energy transported through air mass 
transfer. Potential evapotranspira­
tion depends upon available energy and upon conditions that influence 
vapor transfer. The climatic parameters are not independent of each 
other but are interrelated in a ccmplex manner. 

Dependable Precipitation, PD, the precipitation that has ais speci­
fied probability of occurrence 
based on an analysis of long-time precipi­
tation records. For irrigation development, a seventy-five pe:rent prob­
ability level, or the rainfall that may be expected to three yearsoccur 
out of four years, has been selected as a reasonable value for frO st 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= -35 + .75 x PM (1) 

in which 

PM = the mean monthly precipitation in mm. 

Equation 1 was developed by plotting the seventy-five percent prob­
ability of precipitation (that equaled or exceeded three years out of four)
from a gamma analysis as a function of mean precipitation. It is a best 
fit relationship for precipitation data for fifteen locations in Northeast 
Brazil having long records. The precipitation data are available from 
"Dados Pluviometricos Mensais in Natura" (9). 

Moisture Availability Index, MAI, is the ratio of dependable precipi­
tation to the estimated potential evapotranspiration and can be defined as 

MAI = PD/ETP (2) 

It is an index of the adequacy of precipitation for meeting the moisture 
requirements for most agricultural crops. Hargreaves (4) proposed the 
following classification of precipitation deficiencies: 
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MAI Adequacy 

0 - . 33 Very deficient 
. 34 - . 67 Moderately deficient 
. 68 - 1.00 Somewhat deficient 
1.01 - 1.33 Adequate 
1.34 and above 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 capa­
city. The equaticn for the moisture deficit or potential evapotranspira­
tion 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 and soil moisture retaining properties of the soil, primarily its 
texture. Under some conditions nearly all of the precipitation is effec­
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 effectiveness of 
pricipitation. 

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 field capacity, and the lower level at which plants wilt, 
or wilting percentage. Both of these indices can be estimated from 
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 fifteen atmos­
phere p~rcentage test. The available moisture storage capacity may also 
be determined directly by field sampling and gravometric moisture deter­
minations after an adequate irrigation as moisture is depleted until symp­
toms of wilting occur. 



IRRIGATION REQUIREMENTS 

A wide variety of methods have been used for estimating irrigation 
requirements. Most are fairly suitable for use under climatic conditions 
similar to those used for deriving the methodclogy. Few can be applied 
over a wide range of differing vapor transfer conditions (influenced prin­
cipally by differences in relative humidity and wind speed). The Bureau 
of Reclamation (USBR) is currently using a modified Jensen-Haise method. 
The primary climatic variables used are solar radiation and tempera­
ture. As described by Gibbs (3), adjustments are also included for humid­
ity and elevation. Estimates of potential evapotranspiration (ETP) are 
for conditions of moderate windspeeds. Crop curves or crop coefficients 
are used with estimated values of ETP in order to obtain estimated actual 
crop consumptive use. Irrigation requirements are estimated so as to 
provide for water losses and non-uniformity of water application. When 
necessary, provision is also usually made for a leaching requirement. 

Other methods widely used for estimating irrigation requirements 
include the Blaney-Criddle ard the Thornthwaite methods. Both are 
based upon mean monthly air temperature and daytime hours. Modifi­
cations of these methods provide usable results at low humidities or for 
very uniform humidity and wind speed conditions. Neither should be used, 
however, as a generalized equation or for conditions of variable relative 
humidity abaove about sixty- five per cent (twenty-four- hour average). 

At FPasaje, Ecuador, a first order meteorologic station is equipped 
with a Class A pan. Low advective conditions prevail so that the Class A 
pan evaporation data provide a good index of potential evapotranspiration. 
Relative humidity is high with monthly twenty-four-hour mean values of 
in the general range of eighty-one to eighty-eight percent. Hasan and 
Jones (7) made an analysis of the evaporation data using various methods. 
The results are given as follows: 

Mean Values of Measured and Computed Evaporation 
and Evapotranspiration, in Inches, Based on Pasaje 
19b5-1970 Data 

Mouth E.6 EP0 EP,8 ,soC o 11' s 
41) (1) (3) (4) (5) ((7) (8) 

Jamary' 4.33 4.23 2.77 3.65 3.85 4.71 L" 
February 
March 

4.30 
5.21 

4.17 
4.60 

2,67 
3.09 

3.47 
4.24 

3.62 
4.47 

6.07 
6.71 

4.33 
9.33. 

April 
May 

5.13 
4.26 

4.70 
3.76 

3.17 
2.62 

4.23 
3.56 

4.03 
3.60 

6.44 
6.44 

4.96 
5.12 

June 3.18 2.94 1.93 2.64 2.87 5.97 4.46 
July 
August 
September 
October 
November 

2.70 
2.78 
2.69 
2.35 
2.86 

2.49 
2.57 
2.40 
2.37 
2.91 

1.67 
1.73 
1.67 
1.58 
1.89 

2.23 
2.24 
2.00 
1.88 
2.11 

2.70 
2.88 
2.81 
2.7" 
2.68 

6.03 
5.90 
5.90 
6.16 
6.09 

4.48 
4.47 
4.14 
4.40 
4.16 

December 3.85 4.17 2.49 2.91 3.41 68. 4.01 
Total 43.621 41.31 27.28 35.16 40.06 74.N ".97 
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us Weather Bureau Class A pan. 
SPiebe evaporimeter in open air. 

1 • Pichs evaporimeter in louvered screen. 
/.Hargreaves' pan evaporation. 
/ Penman's open water evaporation. 

use for bananas.U - Blaney-Criddle's consumptive 
j ,,Thornthwaite's potential evapotrnspitration. 

Comparison of Measured (Piche) and Cormputed Evapo­
ration with Class A Pan Evaporation 

Method of measurement Regression equation Correlation coefficient 
or calculation 

(1) (2) (3) 

Piche (open air) Ep - 8.021 + 1.131 Fp 0.820 

Piche (screened) EP - - 1.498 + 0.663 Lp 0.840 

Hargreaves EPC - 11.229 + 0.549 Ep 0.766 

Penman EO = 27.894 + 0.280 Fp 0.620 

Elaney-Criddle U - 73.135 + 0.044 Ep 0.194 

Thornthwaite E, * 54.010 + 0.036 EP 0.115 

Although at Pasaje, Piche evaporation correlates fairly well with evap­
oration and irrigation requirements, it is not recommended for general 
use. This is because the relationship varies widely in different locations 
with differing climatic conditions. This variation is probably due princi­
pally to an e:-rponential relationship between Piche evaporation and wind 
velocity. 

aThe Hargreaves equation used in the study -y Hasan and Jones is 
modification proposed in 1968. This procedure has since been super­
seded. 

It is evident from the analysis presented and the correlation coeffi­
cier.Ls that the Blaney-Criddle and Thornthwaite methods do not give Fatis­
factory results since only a very small percentage of the variance is pre­
dicted (less than four percent for Blaney-Criddle and less than 1. 5 percent 
for Thornthwaite). 

It is proposed that a methodology used for estimating irrigation re­
quirements should meet the following criteria: 

1. Provide reasonable estimates whey evaluated using measured 
evapotranspiration and/or Class A pan evaporation. 
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2. Be usable with the data available from the area under jtudy. 

3. Have sufficient simplicity so as to provide ease of computation 
and be readily adaptable to both slide rule and computer calculation. 

4. Be readily transferable to other areas having differing climatic 
conditions. 

Satisfactory methods for estimating irrigation requirements can be 
developed based upon temperature, day length, relative humidity and 
wind speed. However, for most latitudes extraterrestrial radiation corre­
lates well with day length and when corrected for percentage of sunahine 
or cloud cover and elevation, it can be used to provide fairly accurate 
estimates of solar radiation. Extraterrestrial radiation can be expressed 
in equivalent depth of evaporation resulting in potential evapotranspira­
tion equations that are dimensionally sound. 

An equation for potential evapotranspiraton, ETP, given by Har­
greaves (4), developed as an improvement of equations given by Chris­
tiansen and Hargreaves (2), can be written 

ETP= .35 x RTx CTx CHxCW xCE 	 (4) 

in which 

RT = 	extraterrestrial radiation expressed Is equivlent evapora­
tion by dividing the radiation (cal/cm /day) by the heat of 
vaporization at the mean temperature, TM, and convert­
ing to appropriate units, mm per day or mm, per month 
(Table 1) 

CT 0.40 + 0.024 x TM (4a) 
(TM = mean temperature in 0C) 

CH= 	0.05 + 1.42 x (1. 00 - HM) 1 /2 (4b) 
(HM = mean monthly relative humidity read at 1200, 
1800 and 2400 hours mean Greenwich time, ex­
pressed decimally; CH has a maximum value of 1. 00) 

CW 	 0.80 + 0.0016 x W2 (4c) 
(W2 = Wind speed in km/day at an anemometer 
height of 2. 0 m, 24-hour totalized value) 

CE= 1.00 + 0.0004 -- EL (4d) 
(EL = elevation above sea level in meters) 



TABLE 1. MEAN MONTHLY VALUES OF EXTRATFRRESIRIAL RADIATION EXPRESSED AS EGUIVALENT EVAP(,ATION 
IN MILLIMETERS PER MO..TH AT 20 DEGREES C. 

MONTH 
LATITUDE 
DEGREES JAN. FFR. MAR. APR. 'MAY JUNE JULY AUG. SEP. OCT. NOV. DEC. ANNUAL 

5 442. 41q. 4R?. 467. 468. 843. 463. 47. 469. *73. 435o 434. 5472. 
4 407. 427. 4R3. 65 . 465. 439. 458. 475. 469. 475j. 843q. 44 LU. 5479. 
3 84S2. 2A. 4 R'4. "684. 411 . 43 ,o 4S4. 472. 469. 478. 4.4. ;846. 584. 
2 45R. 47q. 48-s. 462. 't57. 42q. 449o 469. 46s9. 481. 484. 451. 588. 
1 462. 432. I41;. 460. 453. 424. 4845. 467. 469. 43. 453. 457. 5490. 

11 497. 43r, 47. 45R. 49. 419. 4$20. 464. 468 485. 457. 462. 5491. 
-l u72. 437. 48R. 45G. 444. 411. 435. '460. 468. .88. 61 . '467. 5490. 
-7 477. 4£U0. 4RR. Ust. 844z. 409. 430. 45"A. 467. '90. '65. 47?. 548a. 
-3 
-'. 

4R1. 

4R9;. 
443. 
44u.S 

4 R.. 
Aq. 

1451. 
449. 

43 

431. 
O.40'.. 

398. 
425. 
r?D. 

454o 
450. 

46S. 

F65. 
491. 

493. 
.69. 

473,. 
4'7 

482. 
r84. 4 o 
58479. 

-; 490. 447. ;48. 441;. Is26. 393. .184o 446. 464. 495. 4 7F . 486. 5472. 
-6 4q44. 44q. 4. 's,41. '21. 387. 4Li9. 442. 63. 496. 4ADo 8491. 5463. 
-7 4qR° 451. '48R. 4'd. 4.16. 361. 403o 439. '.61. q7. 43. 495. 5Q5'. 
-R s'lo r, 1. 84 7. 437. 411. 37G. 398. 434. 4; 4qq. is81;. 50LL. 5442. 
-q Ems5. 'r . O R7. 434. .' 6. 37n. 392. 430. 4 ° g499. 489. 504. 5429. 

-1151"1q. 457. 489;. 431. 4 0D. 3;;4. 3Ra . 426. 455o 500. 49C2. 508. 541S. 
-It 512. 458. 4 RS. 427. 195. 35F. 380. 42-. 4C24. 501. 4':CA 512. 5399. 
-12 515. 4 98. 4R4. 424. 3RQ. 35?P. 374. 417. 452. 52. 498. 516. 5381. 
-13 ;IR. 4.1. 48Al. '42&. 84 . 3846. 368R. 1 Z. '.3. 502. SDm). 519. 5363. 
-184 971. i.tG7. 4itI. '416. 379. 339. 362. 407. 447. 532. 5 U3. 523. 5342. 

-15 574. 48413 480r.. 412. 372. 333. 35. 403. 4;45. 502. 535. 526. 5320. 
-16 577. 8461. 77. 84p8.8 "F. 327. 350. 397. 442. S02. 507. 529. 5297. 
-17 130. 46'o 47s;. 14r4. 360. 32C. 3Q3. 392. 439. 502. 59. 532. S272. 
-18 r512- '6c-;. t74. 4rO. 3584. 313. 337. 387. 43;. 50?. 511. 535. 5246. 
-19 9;34. 46r. 472. 395. 348. 307. 330. 382. '33. 501. 513. 53o S219. 

-7o. 55.;­ 4711. 391. 342. 3VO° 321. 376. 43. 500. 514. S41. 5190. 
-71 51. 84r . 4; R. 3p8. 315. 293. "117. 371. 427. s0 5 6i. 54". 5159. 
-22 5S40. 46S. 9;65. 3R1. 329. 287. 310. 365. 423. 1499. 51. 46. 5127. 
-73 S42. 465. 49. 377. 322o 280. 3u3. 359. 420. 498. 1g. 5 48. 5094. 
-74 544. 4r.S. 8460. 372. 31K. 273. 296. 353. 416. 496 519. 551. 5059. 

-75 5q. 4r. 457. 366. W819. 2G6. 289. 347. 412. 95. 521. S53. 502'. 
-76 5;47. 464. 8S4. 361. 3112. 259. 282. 341. 408. '.93. 521. 554. 4986. 
-77 S48. 494. SO. 35FG. 295. 252. 275. 335. 8o408. 492. 521. S5. 4948. 
-7R 549. 461. 447. 351. 789. 245. 26.8. 329. 400. 490. 52?. 558. 4908. 
-29 s5o. 462. 484. 345. 282. 237. 260. 323. 395o 48., 522. 559. 4867. 

-311 " q0D. 461. I40. 33q. 275. 230. 253. 31G. 391. 486. 522. S61. 48284 
-31 551- 4r6.. "3g. 334o 268. 223. 2846. 310. 386. 484. 522. 562. 4781. 
-32 552. 458. '37o 328. 260. 216. 238. 303. 382. 481. 522. 5;3. 4736. 
-'3 552- 457, 82P. 322. 253. 209. 211. 296. 377o 4.79. 522. %64. '.9 90. 
-4 552- 4S.o 84?. 316. 246. 201. 224. 290. 372. 4s76f. 522. S65. 4643. 



9
 

climatic daca for Brazil have been published fo3r the periodMean 
These data do not include wind

1931-60 in "Normais Clirnatologicas" (8). 

speed measurements. 

In general, wind velocities are greater during dry months and lower 

during the rainy season. Although location, surrounding terrain, distance 

from the ocean and other factors influence wind speed, use of a relation­

ship based on precipitation should improve the estimation of potential 

evapotranspiration. The best fit relationship for Bebedouro near Petro­

lina, Bahia, can be written 

W2 = 200 - 0.65 x PREC (5) 

in which 

= wind speed in km/day at an instrument height ofW2 

2. 0 m 

PREC = precipitation in mm per month. 

Potential evapotranspiration as calculated using equation 4 is based 

In order to convert ETP to ETA or the 
upon lysimeter data for grass. 

ETP needs to be multiplied by a crop
actual evapotranspiration by crops, 

coefficient, K, thus 

(6)ETA = K x ETP 

gives
Table 2 from a report by Bolivian-Utah State-USAID Study Team (1) 

In the event that a specific crop is not
values of K for various crops. 

Table 2, values of K for a similar crop will usually provirle a
given in 

reasonable estimate of evapotranspiration.
 

CLIMATE, POTENTIAL EVAPOTRANSPIRATION AND 

MOISTURE AVAILABILITY INDEX, NORTHEAST DATA 

Equation 4 was evluated using the relationships between ETP and 
Subject to the limi-

Class A pan evaporation at several locations in Brazil. 

believed that this equation provides a
tations in the climatic data, it is 

satisfactory estimation of potential evapotranspiration. Potential evapo­

presented for twenty-threetranspiration as estimated from equation 4 is 

Northeast locations in Table 3. 

Table 3 also presents the available climatic data and estimation of 

dependable precipitation, PD; evapotranspiration deficit, ETDF; and the 



Table 2. Crop Coefficients, K 

Full Crop Cover Seasonal K 

Crop Root Depth in Meters ange Average Range Mean 

in K K 

Field and Oil Crops 1.00-1.30 1.10-1.32 1.22 .73-. 99 .89 

Fruits 
Grapefruit 1.20 .7q .79 

Naval Oranges 1.07 .65 .65 

Grain and Forage Crops 1.12-1.35 1.08-1. 70* 1.37* 95-1. 15 1.04* 

Grass Crops 
Bermuda Lawn 1.19 1. 05 1.05 

Green Manure Crops .86-1.31 97-1.22 1. 11 .85-1. 18 .96 

Winter Venetables .64- .95 1.22-1.86* 1.45* .85-1.18 1.01* 

Summer Vegetables .86- .95 1.22-1.40 1.28 .82- .84 .83 

*Values appear higher than normal based on other experimental data. 

from which 90 percent of soil moisture depletion occurred.Notes: 	 Root depth is the zone 
Coefficients are to be used with estimated potential evapotranspiration, ETP. 

French and Karl Harris, "Consumptive Use of Water bySource: 	 Erie, L. J., Orrin F. 
Crops in Arizona." (Tech. Bulletin 169: University of Arizona Agricultural Ex­

perimental Station, 1965), 44 pp. 

Middleton, J. E., 0. W. Pruitt, P. C. Crandall and M. C. Jensen, "Central 

and Western Washington Consumptive Use and Evaporation Data, 1954-62" 

Bulletin 681: Washington State University Agricultural Experiment Station, 1967), 

7 pp.
 



Table 3. Moisture Availability Analysis Including Climatic Data 

11. 876 CAXTAS MARANHAO LAT 4 52 LONG 43 21 ELEV 77 

Mo TM HM TO PPEC INS RMM T CH CU FTP PD ETDF MA L 

1 
7 

76-R 
26.7 

.77 

.83 
10o3 

q. 7 
169. 
743. 

iqo. 
157. 

493. 
450. 

1004 
1.03 

.73 

.64 
.94 
.87 

124. 
91.. 

92. 
147. 

33. 
-S6. 

.7% 
1.6? 

1 26.1 .84 9.5i 88. 15. 491. 1.03 .62 .82 90. 181. -41. 2.01 

4 26.2 .84 9.5 283. 184. 44.o 1.03 .6? .83 83. 177. -940 2.14 

S 26-3 -81 9.8 72. 244. 430. 1.03 .67 1.014 110. 19. 90 .17 

A 
1 

25-q 
25.7 

.75 
-69 

11.2 
13.0 

19. 
8. 

263. 
291. 

39A. 
418. 

1.02 
1.02 

.76 

.S4 
1.13 
1.11 

1 19. 
139. 

0. 
U. 

119. 
139. 

;0r 
.00 

8 
q 
11 
11 

?G.7 
28.1 
28.7 
28-4 

.63 

.6 

.6( 
.65 

1.3 
14.0 
13.3 
12.1 

1. 
13. 
29. 
G. 

309o 
275. 
26. 
231. 

4w. 
4680 
99. 

48n. 

1.04 
1.07 
1.t9 
1.0 

.92 
.9C 
.9s 
.89 

1.12 
1.11 
1.09 
1.05 , 

I68. 
les. 
19. 
171. 

O. 
0. 
u. 

15. 

168. 
186. 
197. 
ISS. 

000 
600 
.00 
.09 

17 ?7G 071 11.2 95. 21 3. 490. I.06 .82 1.0? 152. 37. 116. .24 

AVE 26. q .73 11.5 107. 232. 459. 1.05 .78 1.01 1 3t. 56. 80. .58 

87.578 TFRFZTNA PIAUI LAT 5 S LONG 42 43 ELEV 79 

"0 TM HM TO PREC INS RMM CT CH Cm ETP PD ETDF MAX 

1 77.7 .77 10.3 175. 195. 494. 1.05 .73 o9% 126. 96. 0. 075 

7 
3 
4 

760. 
26.7 
2601 

-83 
.85 
.83 

q.5 
9.1 
9.2 

235. 
311. 
?4. 

15. 
167. 
191. 

450. 
4qj. 
949. 

1.04 
I. J3 
1.03 

.64 

.60 

.64 

.88 

.80 

.8 

92. 
84. 
90. 

142. 
198. 
155. 

-6%. 
-114. 

-­ g. 

1.54 
2.35 
1.73 

5 
6 
7 

26.; 
26.4 
26.56 

.81 
074 

65 

9.7 
11.3 
13.5 

ql. 
15. 

8. 

252. 
279. 
307. 

424. 
395. 

17. 

1.0f 

103 
1.04 

.67 

.78 

.89 

1'.03 
1.10 
1.11 

10?. 
124. 
159. 

33. 
0. 
00 

74. 
12%. 
150. 

.31 
'.00 
.00 

a 2706 .57 15.0 6. 322. 449. 100 .98 1.11 183. 0. 183. .00 

q 
In 

790. 
79.5 

.55 
.57 

14.7 
13.7 

q. 
280 

292. 
2806 

46R0 
499. 

1.1( 
1.11 

1.00 
.98 

1.11 
1.09 

200. 
208. 

0. 
0. 

200. 
208. 

'.00 
.00 

11 29.? .61 12.6 rfl. 250. 48l. l. rl .93 11.06 183. 10 173. -.06 

17 28.2 068 11.3 105. 213. 491. 1.08 .85 1o1 159. 44. 115. .28 

AVE ?7o .71 11.7 18. 241. 960. 1.06 .81 1.01 142. 57. 80 .59 



Table 3. (Continued) 

R7oGqG AoEIA PAQAIPA LAT 6 58 LONG 35 41 ELEV 624 

40 TM HN TO P'EC INS RMM CT C.I CU ET P PD ETDF MAI 

1 22.8 .81 10.0nn. 5. ;.00 .95 .66 l006 119. 6. 113. .OS 
7 23.f .81 9.7 94. 0. %53. .95 .64 1.02 13i2. 35.o 67. o3S 
3 22.R .85 8.9 159. 0. F489. 095 *.60 .95 1 96. 84. 12. .n 
4 72.3 .88 8.0 197. P. 447. .44 .55 .96 76. 83. -5. 107 
S 21os .qn 7.2 2n5. 0. 419. .92 4q .91 61. 119. -58. 1.q% 
9 20.7 .91 6.A 217. l. 381. .8 .46 .87 49. 143. -93. 2.90 
7 1 q.F .90 7.0 1 5. 0. 404. .87 .49 .93 57. 104. -46. 1.81 
a 1qo .8 7.7 147. 0. '43q. .87 .53 .q7 71. 71. -1. 1.01 
q 211- -85 8.7 "Q. 0. 4f1. .89 .bl 1.0 95. s. 900 006 

1'? ?log .81 9.8 25. 0. 498. .92 .GG 1.09 119. 0. 119. .00 
11 22.7 -81 1.3 78. 0. 48,. .93 .68 1.09 120. 0. 120. .00 
17 77.6 .81 10.3 38. "n. 49. .9 .67 100 122. 0. 122. .00 

A"VE 71. .85 8.7 115. 0. 456. o9? .54 1.00 91. 54. 3 .84 

87.79S CAMPINA C-RANnE PARAIRS LAT 7 13 LONG 35 S3 ELEV 527 

"O TN HM TO PREC INS RHM CT CH CW ETP PD ETOF IA3 

1 24.3 .70 10.S 77. 0. 501. .9R .R2 1.09 159. 0. 159. .00 
7 2404 .72 10.1 430 1. 54. .in .80 1.09 13R. 0. 138. 000 
3 24.4 .76 9.6 74. 00 490. .9q .75 1.04 135. 21. 11s. .15 

4 23.9 .79 8w7 94. 0. 4 42. .97 .70 1.02 110. 35. 75. 032 
5 22.6 .84 7.4 117o 0. 417. 094 .62 1.00 87. 53o 34. .61 
A 21.4 .85 6.8 118. 00 382. .91 oS9 1.00 73. 54. 20. .73 
7 20.6 .85 7.4 RO. O 403. .9 .60 1.03 80. 28. S. 035 
p 20.7 .81 8.3 58. no 438. .90 .67 1.06 100." 9. 91. 009 
q 71.9 .75 9.5 4. 0. 462. a 93 .76 1".09 127. 0. 127. .O 

1n 22.q .71 10.6 13. no 499. .95 .82 1.11 153. 0. 153. .00 
It 23.7 .70 1.6 16. 0. 4 86. .47 .83 1.10 1S4. 0. 154. o0c 
17 24.0 .70 10.6 19. 00 4 99. .9R .82 1.10 157. 0. 157o .00 

AVE 77.q .76 9.2 s7. o. 45. 95 .73 1.06 123. 17. 10o,. .19 



Table 3. (Continued) 

R7.697 GUJAPA43PA PARAIPA LAT 6 51 LONG 35 79 ELEV 101 

"0 TH HM TO PPEC INS RMM CT CH CM FTP PO "TDF MAI 

1 26-q 7S 11.7 42. 0. 501. 1.05 .76 1.08 150. 00 150. 000 
7 77.n .76 11.5 63 n. %54. 1.05 .7S 1.05 132. 12. 120. '.09 
1 27.n .77 10.8 98. lie 4ql. 1.05 o73 1.02 1350 38. 97. .28 
4 26.3 .79 qq 123. 0. 444 1.03 .69 .99 1 112 570 540 .9%2 

S 2S.4 .82 9.0 1 10 n0. 470. 1.01 .6S .96 94. 78. 16 .R3 
6 74.- .84 R.5 7n3. 0. 38'. 098 .62 .q1 75. 117. -43. 1.57 
' 73.6 .84 8.8 R8. 0. 4U7. o97 .62 1.03 88. 31. 57. .35 
R 73. .83 9.6 96. n . 4410 096 .64 1.06 102. 7. 95. 07 
q 24 o. .79 11.0 22. 0. 4630 .99 .70 1.10 123. 0. 173. .00 

1in ?So. .76 12.2 12. 0. 500. 1.il .75 1.11 149. 0. 149. ;00 

11 76-3 .75 12.3 :?U. 0. 1 86. 1.03 .76 1.10 147. 0. 147. .00 
17 26.7 .75 11.9 46. O. 499. 1.04 .76 1.07 149. 0. 14. .00 

AVE 7%. A .7 10.6 77o U. %Sao 1.01 o70 100 121. 28. 90 .. 31 

R2&798 JOAO PFSOA PARAIBA EAT 7 6 LONG 34 S2 ELFV 28 

M)O TM H" TO PPEC INS RIM CT CH CM ETP PD ETOF HAI 

1 21.; & 1 .76 7.4 62. 267. 5m. 1.04 o7407 .fro 143o 11. 13"2. 008 
7 268R o77 7.4 79, 235. 49. 1004 .73 11.04 125. 25. 101. .20 
3 76. A .78 7.6 173. 231. 49q. 1.04 .71 . 9 120. 95. 26. .79 
4 260 Ro1 7.6 227. 214. 443. 1.03 .67 e88 95.' 135. -40. 1.42 
S 2S.3 .84 7.3 301. 208. 4180 10111 o62 .1R 74. 191. -117e 2.58 
A 24.3 84 7.1 480 192. "8, a.9 .61 .76 610 226. -165. 3.70 
7 23o7 .84 7.2 190. 207o0 0. .47 062 092 79. 108. -290 1.37 
A 2307 .82 7.5 132o 231o 440. .97 .66 .98 96. 64. 13. 066 
9 2407 .79 7.4 61. 237. 461. 0q .71 1.06" 120. 11. 110. '.09 

10 75.6 o77 7.3 23. 282o SO 1.01 o74 1.10 144. 0. 1440 .00 
11 26.1 .76 6.9 "1. 280 487. 1.03 .74 1.119 141. 0. 141. .0 
17 26.4 076 7.1 41. 282. 500. 1.03 .74 1'.08 144. 0. 14%. '000 

AVE 5.9 .80 7.3 139. 2390 457. 1001 .6 .98 112o 72. 40. .ql 



Table 3. (Continued) 

82.779 U BUZEIR(' PARAIRA L AT 7 42 LONG 3S 42 ELEV 497 

1 4HK TO PPEC INS RMt CT CH Cu ETP PO ETOF PAX 

I 73.9 .74 10.3 25. n. 503. .97 .78 1.09 149. 0. 1ast. .o 
7a?.n .75 10.0 43. 0. 455. .98 .76 1.08 129. 0. 129. .00 

3 23.9 .77 q.4 77. 0. 489. .97 .73 1.0% 17". 23. 107. .18 
4 71.7 .81 8.4 1m0. 0. 440. .96 .66 11.01 l00. 45. 5. .45 
S 27-1 .8G 7.3 137. n. '114. 993 .58 .98 78. 68. 10. o7 
A 20.q .87 6.8 151. "i. 379. .90 .56 .96 6. 78. -1?. 1.18 
7 20-7 .87 7.3 119. n. 401. .88 .57 1.00 72. 55. 17. .76 
p ?n. 2 .84 R.0 7. 0. 4%. .88 .62 1"03 88. 27. 61. .30 
9 21. .80 8.8 32. 0o 461. .91 .68 1.09 111. 0. 111. .00 

in 72.4 .75 q.9 19. . So. .4% .76 I.10 119. 0. 139. 100 
11 23.2 .73 10.6 17. 0. #88. .96 .78 l.w 140. 0. 141. 1.00 
17 23. .74 10.4 71. 0. 501. .96 .78 1.13 147. 0. 147. '00 

AVE ?2.4 .79 8.9 69. n . 4so;. .94 .69 1.05 1 113. 25. Re. . 1 

87.893 6SRANHUNS PBCO LAT 8 53 LONG 36 31 . ELEV 927 

TN HM TD PREC INS RHM CT CH CU ETP PD ETOF Mal 

1 ?- .7S 11.6 Aq. 0. 507. . 3 .76 1.08 139. 0. 1 39. .00 
7 21.9 o76 11.2 95. 0. 456. .93 .74 1.06 121. 6. 114. l05 

3 21.9 .77 10.8 111. .0. 488. .43 .73 1.00 119. 498. 71. -4o 
4 
S 

21-
19.8 

-81 
.87 

9.6 
7.9 

134. 
2240 

0. 
0. 

4 3S. 
407. 

.91 

.8a 
.67 
.56 

.98 
.89 

94. 
64. 

66. 
133. 

2q. 
-69. 

.70 
2.09 

F 18-8 .90 7.1 211. 0. 371. .85 .51 .88 51. 138. -87. 2.70 
7 17.8 .91 7.1 213. n1. 393. .83 .48 .90 51. 124. -73. 2.43 
A 17.9 .89 7.7 155. 1. 4 3D. .83 .52 .%6 65. 82. -17. 1.26 
9 1q.2 .83 8.8 66. " n. a8. .86 .63 1.05 95. 14. 81." .15 

In 70.6 .78 10.4 30. 0. SOO. .89 .71 1.09 126. 0. 12;. '-00 
11 .76 11.4 31516. Ii. 491. .92 .75 1.08 132. 0. 132. .00 
17 27.0 .75 11.7 39. 0. 50. .93 .76 11.08 141. 0. 141. .o 

AVE 70.4 .87 9.9 111. 0. 454. .89 .65 1.00 100. 51. 49. .81 



Table 3. (Continued) 

R7.7qq ROXANA PaCO LIT 7 31 LONG 34 €9 FLEV 11 

"0 TM HN TO PREC INS RMH CT CH Cm ETP PD ETOF MAT 

i 
7 

26;.,n 
p6. n 

.75 
'7S 

11.1 
10.7 

A7. 
19;1. 

n. 
n. 

504. 
455. 

1.02 
1.02 

.7G 

.76 
1.03 
.9 

, 141. 
119. 

31. 
78. 

110. 
41. 

.22 
.66 

3 25.9" 76 10.3 232. n. 4qo. 1.02 .75 .88 116. 139. -23. 1.20 
4 25.4 .77 9.7 126. 0. 441.1 1.dl .73 .79 89. 209. -120. 2.3S 
r 24.R "-79 q.3 Isi. 0. 4160 1.0" .70 .7% 75.1 236. -160. 3.12 
t; 21.R .82 9.5 "R8. n. 381. .97 .66 .72 61. 2S6. -195.. 4.20 
7 73-3 ,R3 9.9 259. n. 403. .96 .63 .85 73. 159. -87. 2.19 
A 73.3 ;81 10.3 175. a. 438. .9%; .64 .qt 88. 96. -9. 1.10 
q 24- .80 10.4 R2. 0. 462. ,g99 .68 1.02 111. 34. 76. .31 

in 25-7 .79 10.9 g1. n(. 501. 1.00 .72 l.rl7 135.- 3. 132. ".02 
11 75.7 .7G 11.2 S2. t. 488. 1.02 .74 1.07 138. 4. 114. "03 
12 25q .76 11.2 76. ". 502. 1.02 .75 1.04 141. 22. 118. .16 

AVE ?5.n .7A 10.4 188. 0. ft57. 1.00 .71 .92 107. 106. 2. 1.30 

R7. 781 NAZ41RE DA MATA PaCO LIT 7 44 LONG 35 15 ELEV 87 

No TH HM TO PREC INS Rmm CT CH C, ETP PD ETOF "Al 

1 26.4 .74 11.16 Is. 2SR. 9;09:. 1.03 .77 1.8 153. 0. 153. .O0 
7 26.9; .76 10.6 64. 716. 45. 1.0% .74 1.05 I 130. 1. 117. -10 
3 26.7 .79 9.9 l09. 224. 490. 1.03 .70 1.01 126. 47. 79. .37 
4 7S. -82 9.O 151. 207. 441. 1.01 .65 .96 99. 78. 20. .79 
S 24.7 .85 8.3 1q7. 1 n. 415. .99 ".60 .92 80. 11Z, -32. 1.41 
F; 23.5 .86 8.1" 1qT 173. 380. .96 .58 .q1 So 113. -45. 1.66 
7 2?.9 .85 8.4 128. 19. 402. .95 .60 .99 791. St. 1. .78 
8 22.q -83 9.l" 77. 204. 437. 095 .63 1;0OF& 96. 23. 73.. .24 
9 23.7 .80 10.2 39. 232. 162. .97 .68 1.08 115. 0. 115. '.00 

In 24. .77 11.3 21. 268R. 501. 1.00 .74 1.10 1e2. 0. 142. .00 
I1 25.f; .74 11.8 27. 262. 489. 1.01 .77 1.,09 147. 0. 14?. .00 
17 76.1 o74 11.6 33. 273. 503. 1.03 .77 1.09 I51. 0. 151. ;00 

AVE 74e. .80 10.0 qo. 225. 457. 1.00 .69 1e.03 115. 37. 78. .45 



Table 3. (Continued) 

87.898 RECIFE IOLINflA- PBCO 1.AT 8 1 LONG 34 S1 : ELEV 5S 

NO TM HM Tf1 PEC INS RMM CT CH C, ETP PD ETOF HIA 

1 270 .76 S.7 40. 28 10 506. 10a .74 1.08 149. 0. 1490 .00 

7 27.1 .77 5.7 890 201. U 57. 1.05 .73 1.03 125. 32. 93o .25 
I 27.o n 79 5.9 107. 736. 491. 1.0% .70 .92 11. 113. 3. .97 

4 ?S. .81 G.2 7480 21 3. 4 4n, 1.04 .67 .R6 93. isl. -59. 1.63 
r 2-.- .8 6.1 3350 ?p1. 414. 1.01 .64 .77 73. 716. - 143. 2096 
9 24.7 .83 15.8 "180 186. 378. .99 .64 .79 67. 204. -137. 3.06 
7 24.2 087 5.8 2240 19R. t00. 98 0.f; .89 81. 133. -52. 1.65 
p 
Q 

24.7 
75ofl 

.80 

.78 
S.9 
5.5 

146. 
62 . 

214. 
244. 

437. 
462. 

.9R 
l.00 

.f;8 

.71 
0q7 

1.06 
99. 

in. 
75. 
12. 

2#. 
110. 

o76 
o10 

i n 25. q .76 5.5 17. 2R0. C0?. 1.07 .74 1.n8 144. 0. 144a 'S00 
11 ?6.4 .76 5. 25. 285. 490. 1.03 .74 1'.09 144. 0. 144. '.00 
17 76.7 o76 S.1 46. 294. 504. 1.04 o74 1.08 147. 0. 147. ".00 

AVE 2S.9 .7q 5.8 147. 23q. 457. 1.02 .70 .97 113. 78. 350. .4s 

87.9q4 MACEIO ALA L AT 9 40 LCtd6 35 42 ELEV 46 

NO TM HM TO PREC INS RMM CT CH Cu ETP PD ETOF HAl 

1 26-5 .76 6.7 r;80 7810 512. 1.0 o74 1.06 146. 90 137. ,06 
7 26.7 .77 6.R 63. ?44. 459. 1.04 .73 1.05 130. 12. 1170 .10 
3 2606 s79 6.S 135. 240. i89. 1.(4 .70 098 122. 66. 56. .54 
4 26-1 .Rl 6.1 725. 216. 43;. 1.03 o67 .09 93. 134. -41." 1.44 

s 25-3 .83 5.5 345. 194. 405. 1.01 064 .76 69. 224. -154. 3.22 
f; 243 .82 5.5 764. 186. 169. .98 .66 .85 71. 163. -92. 2.30 

7 23-7 .81 5.6 ?1f. 199. 3ql. .47 .67 .90 80. 127. -47. 1.59 
P 23.7 .78 5.6 134. 213. 429. .97 .71 .98 102. 65. 3. 064 

9 24.S .77 6.0 86. 229. 459. .'49 .73 1.03 119. 290 90. .25 

in 75.3 .76 6.2 59. 78. 503. 1.01 .74 1.0 139. 9. 10 '.07 
11 2S.q .76 6.8 li. 282. 4 9c. 1.02 .75 1.09 145. 0. 145. 1000 0% 
12 26 3 .76 G8 38. 292. 511. 1.03 .74 1".n8 143. 00 1480 .00 

AVE ?So% 079 G.2 18. 237. '455. 1.fl1 .71 .98 114. 7U. 44. .85 



Table 3. (Continued) 

R No1.J9 &Q*CAJU SER LAT li 5S LONG 37 5 ELEV 6 

mO T" H" TD OREC INS RMM CT CH CU ETP PD ETDF MIX 

1 26S .77 6.2 43. 253. 516. I. .73 108 148. 0. 148. .00 

7 26.8 .77 6.4 45. 226. 461. 1.04 .73 1.07 133. u. 133. .po 

3 
4 
S 

?Goq 
76.4 
7504 

.78 

.7q 
.81 

6.. 
6.? 
6.0 

107. 
162. 
263. 

274. 
214. 
190o 

488. 
431. 
399. 

1.05 
1.03 
1.01 

.72 
.70 
.67 

1,.01 
.q5 
*AS , 

130. 
4I. 
RD. 

45. 
86. 
162. 

8s., 
Is. 

-82. 

.35 

.83 
2'.03 

R 240- -80 5.9 177. 186. 162. ,99q .69 .94l 80. 98. -1?. 1.71 

7 71.8 .8O 6.0 161. 179. 384. .97 .9q .q5 W;.' 86. -1. 1.01 
R 73..7 -78 6.0 10 o4. 201. 424. .97 .72 1.01 1Of-' 43. 62. ,41 

q 
i 

24w% 
25-o 

.77 
.77 

5.9 
6.1 

54. 
%[j. 

214. 
242. 

456. 
504. 

.99 
1.01 

.73 

.73 
1.06 
1.07 

122. 
139. 

5. 
3. 

117. 
136. 

;04 
.O? 

11 25.8 .78 6.3 4q. 246. 499. 1.07 .72 1.07 1 36. 2. 13%. .01 

12 76.7 .78 6.4 18. 268. 51 . 1.03 .71 1.08 143. 0. 143. .00 

AVE 75.5 .78 6.1 10ni. 220. 453. 1.01 .71 1.01 117. 44. 73. o49 

81.395 ITARAIANTNHA SER L AT 11 17 LONG 37 49 ELEV 225 

NO TN HN TO PREC INS RHM CT CH CW ETP PD ETOF MAI 

1 
7 

75.1 
2S.4 

.77 
-77 

11.1 
11.1 

41. 
41. 

n. 
0. 

517. 
461. 

1. (I 
1.01 

.73 
.73 

1.08 
1.08 

145.' 
130. 

0. 
0. 

145. 
130. 

"*.09 
.00 

'1 75.2 .71 10.7 q9. 0. 487. 1.00 .71 1.03 125. 33. q1. 27 

4 724O -82 9.6 112. 0. 428. .99 .65 1.00 97. 49. 46. 51 

5 23.1 .86 8.2 160. nl. 396. .95 .59 .95 74. 85. -11. l.1 

6 22-0 .87 8.4 106. 0. 359. .93 .57 1.01 7. 45. 23s. .7 

7 21-2 .8R 8.3 11. n. 381. .91 .55 .98 6. 63. 3. .95 
0 21-7 .86 8.q 86. 0. 421. .91 .59 1.03 82. 29. S9. .36 

9 22-1 .83 9.9 S5. 0. 454. .43 .64 l.0 101. 7. 9S.1 .0Xs 

10 23-4 .81 10.6 53. . 503. .96 .67 1",06 122. 5. 117. '.a 

11 24.4 .79 1D.q 72. n. 499. .9 .70 1.05 128. 19. 109. .15 

1, 25.0 67A 10.7 51- o. 517. 1.00 .71 1.07 139. 3. 1 36. ',02 

AVE 23.5 .82 9.9 83. (. 452. .97 .G5 1.03 106. 28. 78. .35 



Table 3. (Continued) 

8'I097 POOPRIA SEQ LAT 1(1 12 LONG 36 52 ELEV 314 

NO TH Hm TO DPEC INS RMM CT CH Cw ETP PD ETOF MAI 

1 
7 
I 
14 
5 
€; 
7 
R 
q 

10 
It 
12 

77.e7 
77.9 
27.8 
26.R 
25.2 
?l.8 
23.0 
22.9 
74.1 
25.8 
26-R 
27.4 

.70 
.70 
071 
.76 
-82 
.84 
-84 
.81 
.7 
.74 
-71 
.70 

lo.s 
10o6 
10.0 
9.4 
7.9 
7.6 
7.5 
8.1 
9.2 

10.3 
10.7 
16.6 

3U. 

47o 
q1. 

158. 
123. 
1 11. 

80. 
40. 
?5. 
1F. 
22. 

a. 
0 .. 
0. 

" 0. 
0n. 

'0. 
0. 
no. 
n. 

'0 . 
0. 
0. 

514. 
461. 
489. 
433. 
402. 
366. 
388. 
427. 
457. 
S04. 
497. 
S14. 

1.05 
1.07 
1.07 
1.014 
1.0 

.97 

.95 

.94; 

.98 
1.07 
1.04 
1.0 

.83 
.83 
.81 
.74 
.65 
.62 
.61 
.6 
.71 
.77 
.8? 
.82 

1.09 
1.10 
1.07 
1.03 
.96 
.99 

1.0O 
1.0 
1.08 
1.09 
1.06 
1.10 

171. 
157. 
159. 
1 .71. 

8. 
76. 
79. 
94. 

120. 
152. 
161. 
172. 

0. 
0. 
0. 

33. 
814. 
57. 
,49. 
25. 
0. 

o. 
0 . 
0. 

171. 
157o 
159. 

88. 
5.s.95 

19. 
3b. 
69. 

120. 
152. 
161. 
172. 

.0n 
.00 
.00 
.27 

.75 
.61 
.26 
'00 

00 
".00 
000 

AVE 75.7 .76 9.14 16. . 454. 1.02 .74 1.05 129. 21. 109. .2% 

RI.179 RARRA BAHIA LAT 11 5 LONG 43 10 ELEV 408 

MO TM "M TO PQEC INS RMM CT CH CU ETP PD ETOF NA! 

1 
7 
A 
14 
, 
; 

7 
0 
q 

In 
!1 
17 

26.7 
?6. R 
76.6 
26-4 
25.5 
74 . 
7401 
25.0 
27o7 
28-6 
27-5 
26.14 

.6S 
.67 
.6q 
.66 
.60 
.ss 
.S3 
.8 
.49 
.48 
.0 
.68 

12.5 
11.9 
11.9 
12.5 
14.2 
16. n 
16.5 
16.8 
15.6 
13.9 
12.2 
11.5 

89. 
q3. 

11q. 
62. 
16. 
0. 
0. 
0. 
8. 

32. 
11. 

147. 

270. 
251. 
256. 
2780 
299. 
304. 
319. 
329. 
288. 
285. 
245. 
242. 

517. 
462. 
1488. 
F430. 
394. 
361. 
383. 
424. 
457. 
505. 
SO0. 
517. 

t.J14 
1. 0% 
1.04 
1.03 
1.01 

.99 

.0 
1. an 
1.05 
1.09 
1.06 
1.03 

.89 

.87 

.85 
.88 
.All 

1.00 
1.010 
1.00 
1.Oaf 
1.011 

.95 
.86 

1.03 
1.02 
1.00 
1.06 
1.10 
t.12 
1.12 
1012 
1.11 
1.09 
1.00 

.97 

17. 
152. 
153. 
1146. 
1149. 
142. 
149. 
169. 
190. 
212. 
179. 
158. 

32. 
35. 
54. 
11. 

0. 
0. 
0. 
0. 
0. 
0. 

53. 
75. 

143. 
I18. 
99. 

135.. 
149. 
142. 
149. 
169 
1q0. 
212. 
129. 

43. 

.18 

.23 
.3S 
.08 
.00 
.oU 
.00 
'.00 
.00 

'.00" 
.30 
.47 

0 

AVE 26.3 .59 13.8 57. 281. 453. 1.03 .914 1.00 165. 22. 143. .13 



Table 3. (Continued) 

R3.319 CAETITE BAHIA LAT 14 4 LONG 42 29 ELEV 872 

Mfl TM HM TO PREC INS RNM CT CH CII ETP PD ETDF MIl 

1 22.I .,77 1fl.9 134. 208. 525. .93 s74 .98 127. 65. 62. o51 
7 72-3 -76 11.2 q2. 20. 463. .94 .75 1.02 120. 34. 86. .29 
3 
a 

7204 
21-6 

.77 

.77 
10.8 
10.7 

127. 
A3. 

208. 
?as0 

482. 
417. 

.94 
.92 

.73 

.73 
.99 
1.Os 

118. 
106. 

g0 
13. 

58. 
qo 

.51 

.12 
; ?. .75 11.1 lq- 22?o 379. . q .76 1.10 102. 0. 102. '.00 

6 19-? .73 11.5 11. 771. 341. .86 .78 1.11 92. 0. 92. .00 
7 1B.7 .71 12.1 12. 234. 363. .85 .81 1.11 1a1. 0. 1.01. .00 
q j9.' .66 13.2 10. 26?. 408. .87 .88 1.11 125. 0. 125. .00 
9 21- .62 13.7 13. 244o. 4'R. .92 .92 1.11 152. 0. 152. .00 

I 77.8 .6 13.0 590 225. 504. .S3 .90 I'06 264. 90 155. .06 
I1 2-7 o74 1.9 IRS. 164. S o93 s77 o93 122. l14 18. 85 
17 22.1 .78 1e.4 164. 177, 527. .93 o72 .q5 121. 88. 33. .73 

AVE 21-? e73 11.6 74. 21S. 147. .91 " .79 1o 171. 31o 90. 025 

83-.t7s IBIPETUBA BAHIA L AT 11 1 LONG 44 31 ELEV '34 

M4O TM H" TO PREC INS 'R141 CT C H CW FTP PD FTOF MAI 

1 24-6 .78 13.2 125. 0. 516. .q .72 .q9 129. 519 70, .46 
7 74.6 o79 12.8 145. 0. 461. .09q .10 .7 111 74a 37. . 7 
3 24-6 .80 12.2 116. n . 487o .99 .68 .8 115. 67. 198. 058 
4 
S 

24.9 
73.4 

o7R 
.74 

13.5 
16.0 

73. 
11. 

0. 
.0. 

429. 
397o 

.99 

.96 
.71 
o77 

1.04 
111 

12. 
1 7o 

20. 
0. 

q2o 
117. 

-18 
;.00 

A 23.q 69 19.0 1. 0. 3600 .93 .84 1.12 112. 0. 112o .00 
7 21.5 .65 20.1 1 s 0. S82 o 9 .89 1.12 175. 0. 125. 100 
q 22.3 .60 71.2 1o 1. 423s .9% .95 1.1Z" 150. 0. ISO .00 
9 240q .5 20.1 7. u %S4. loon s97 1ll 175. j0. 175. .0E 

10 26.3 .61 17.2 51. 0. 504. 16113 .93 ),..07 184. 4. 179. ;02 
11 25.5 .72 13.8 158. 0. 499. 19U1 .,0 .96 138. 83. 55o, .60 
17 24.8 .78 12.8 1q. o. Sg. 1.00 .71 .91 119. 114. ..a95 

AVF 74-1 .71 16.0 16. 0. 453. .8 .81 1.O 132. 35s '97. .29 



Table 3. (Continued)
 

816218 PARATINGA lAHia LAT 12 4l LONG 13 11 ELEV 422
 

MO TM HM TO PQEC INS RMM CT CH cW ETP PD ETOF MAI 

I 25. 
7 25.7 
3 25.R 
4 25.q 
5 ;s.1 

2 4 
S?4.1 

25. A 
9 27. 

in 78.3 
11 60.1 
17 25.t6 

.72 

.72 

.73 

.70 

. ;3 

.58 

.57 
-5 
.52 
.57 
-68 
.7fs 

12.1 
12-0 
11.7 
12.8 
14.2 
15.6 
15.i, 
15.3 
14.7 
13.8 
11.8 
11.8 

107. 
12q. 
11. 
40. 
i. 
0. 
1. 
0. 
8. 

42. 
1491. 
1r3. 

238. 
24u. 
219. 
AP . 
281. 
277. 
279. 
3PS.c; 
2i2. 
247. 
203. 
22W. 

522. 
4 G3. 
486. 
024. 
389. 
351. 
373. 

7. 
9#54. 
506. 
soct. 
521. 

1.02 
I.2 
1.07 
1.02 
l. ar 

.99 

1.01 
1.06 
1.08 
1.03 
1.01 

.80 

.an) 

.79 

.83 

.91 

.97 

.98 
1.0 
l.1 

.98 

.85 

.7R 

1.01 
. 9 

1.00 
1.08 
1.11 
1.12 
1.12 
1.12 
1.11 
1.O 

.96 

.% 

153. 
32. 

139. 
138. 
140. 
131. 
144. 
16,8. 
1 %. 
206. 
152. 
142. 

45. 
62. 
51. 

0, 
u. 
G. 
0.0 
0. 
0. 
0. 

77. 
80. 

107. 
70. 
8a. 

138. 
Io. 
13%e. 
14. 
168. 
190. 
20G. 

7S. 
62. 

.0 
.47 
037 
.000 
.00 
.00 
.00 
'*o 
.00 
1.00 
.5 
.56 

AVE ?%.q .64 13.4 A3. 252. S11. 1.02 .89 1.05 I 153. 26. 127. .18 

R8.979 REMANSO BAHIA LAT 9 41 LONG 42 4 ELEV %11 

"O TM HM TI) PREC INS RMN CT CH Cm ETP PD ETOF HAI 

1 27-5 
7 27. 
• 77-1 
4 77.1 

; 27.0 
S2F;.l 

7 5. A 
4 2G.0 
q 27.27 

in 28.1 
11 7R.fl 
17 27.5 

.lt 

.52 

.51 

.51 

.5n 
-50 
.50 
.4R 
.46 
.45 
.47 
.4 

1.? 
14.6 
14.2 
14.7 
15.1 
15.I; 
15.8 
16.1 
15.8 
15.3 
14.6 
14.5 

q2. 
65. 
1O. 

35. 
10. 

1. 
i. 
0. 
4. 

1o. 
78. 
q. 

o. 
0. 
n0. 
Il. 
0. 
0. 
0. 

. 
0. 

'0. 
o. 

.0. 

512. 
460. 
48q. 
43S. 
406. 
36q9. 
392. 
430. 
46. 
so. 

96. 
512. 

1.0W; 
1.06 
1.Ls 
1.06 
1.05 
1.02 
1.61 
1.02 
1.05 
1.d8 
1.07 
1.06 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
11 o 
1.00 
1.000 
1.00 
1.00 
1 .;o 

1.o02 
1.05 
1.01 
1.08 
1.11 
1.12 
1.12 
1.12 
1.12 
1.11 

.04 

1.02 

' 

191. 
183. 
IM. 
177. 
16 . 
151. 
1s. 
176. 
192. 
215., 
197. 
198. 

34. 
14. 
46. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 

23. 

35. 

164. 
169. 
13. 
177. 
IGS. 
151. 
158. 
1760 
192. 
215. 
173. 

163. 

o17 
.07 
.25 
.o0 
1.00 
'.00 
'00 
'000 
.00 
o00 
.1 

.18 

o 

AVE 27.1 .49 15.1 410 0. 4ss. 1.05 1 .0 1. 8 183. 13. 170. "007 



Table 3. (Continued) 

RT. 386 JAINUARTA M.G. LLAT 15 30 LONG 44s 71 ; ELEV 439 

"O T" HM TO PREC INS RMM CT CH CV ETP PO ETDF MAI 

1 25-1 
7 ps.1 

SS.7 
4 7406 

i 73-1 
A 72.7 
7 77.0 
R 23-. 

q 25.-
in 26. 
11 25.7 

17 24.7 

.79 

.77 

.78 

.76 

.72 

.9 

.A4 

.S7 

.57 

.A3 

.76 

.81 

1U.7 
11.1 

10.R 
11.2 

13.0 
14.4 
14.5 
15.5 

15.2 
13.6 
11.2 

10.2 

117. 
105. 

103. 
S2. 

11. 
1. 
1. 
1. 

16. 
57. 

I s65. 

217. 

227. 
218. 

231. 
235. 

255. 
751. 
2F S. 
281. 

24. 
215S. 
167. 

174. 

530. 
466. 

481. 
413. 

37?. 
333. 
355. 
%02. 

446. 
50. 
510. 

533. 

1.00 
1.01 
1.00 
.99 

.9 

.93 
°A-3 
.96 

1.01 
1.03 
1.00 

.99 

.71 

.74 

.71 

.75 

.80 
.84 
.90 
.98 

.98 

.91 

.75 

.68 

.97 
1.01 

1.01 
1.07 

1.11 
1.1? 
1.12 
1.1? 
1.10 
1.06 
.95 

.89 

129. 
125. 

125. 
117. 

112. 
104. 
119. 
150. 
174. 
179. 
130 

114. 

75. 
44.,A 
42. 
4. 

0. 
0. 
0. 
0. 
0. 
8. 

89. 

127. 

S4. 
a. 

82. 
113. 

112. 
lOF&. 

119. 
15. 
174. 
171. 

4?. 

-is. 

.58 

.35 

.34 

.04 

'.00 
.00 
.00 
000 
.oo 
004 
.68 

1.12 

AVE 74.- .71 12.6 73. 2Nnl. 446o .9 .81 1.0 132. 32. 99. .26 

83.483 PIRAPORA Moe. L AT 17 21 LONG 44 7 ELEV 412 

NO TM Hm T O PREC INS RHM CT CH CV ETP PD ETOF MAI 

1 
7 
3 

4 
g 
6 
7 
R 
9 

I1 
11 

17 

747 

24-q 
24-7 
73.S 
21.1 
lq.q 
19.7 
21.5 
74.1 

2-.3 
24' 
740 

.79 

.78 

.78 

.77 

.7 

.72 

.68 
.61 
.58 
.64 
.74 
.79 

10.6 
11.1 
11.4 
12. q 
15.2 
17.0 
17.2 
17.8 
16.1 
12.9 
11.1 
10.2 

77u. 
!43. 
177. 
93. 
11. 

3. 
3. 
1. 

19. 
75. 

112. 
278. 

195. 
198. 
214. 
232. 
269. 
261. 
274. 
290. 
221. 
197. 
181. 
1S4. 

53.;. 

467. 
478. 
4 m. 
360. 
320. 
343. 
392. 
440. 
SOS. 
S14. 
53q 

.9q 
1.0On 

.99 
.96 
.91 
.88 
.87 
.92 
*98 

1.01 
1.00 

.99 

.71 
.71 

*.72 
73 
.77 
.8013 

.84 

.94 

.97 

.90 
.77 
.70 

.89 

.97 

.99 
1.05 
1.11 
1.12 
1.12 
1.12 
1.10 
1.04O 

.91 

.83 

I 

120. 

115. 
119. 
1]17. 
1OD. 

90. 
100. 
135. 
164. 
170. 
128. 
110. 

130. 

72. 
to. 

12.z 
0. 
0. 
0. 
00 
0. 

210 

116. 
173w 

-11 

43. 
S). 

95. 
100. 

90. 
100. 
135. 
164. 
1ISt -

11. 
-6i4. 

I.p9 

.63 
51 

C11 
'00 
.00 
'.0 
.00 
'.00 
o13 

.91 
1.58 

, 

AVE 23-7 .72 13.6 95. 224. 442. .96 .80 1.02 121. 49. 72. .41 



Table 3. (Continued) 

83.38.5 SAO FRANCrsCO .G. L AT 15 57 LONG %4 S2 ELEV 440 

NO TN H, TO F" C INS RHM CT CH CWI ETP PD ETDF "AT 

1 24*.1 81 1306 208. l. 511. .98 066 090 111. 1210 -10. 1.09
7 74.4 .81 14.7 17. no. 466. .9" e67 .98 108. 680 0. .,3

2t1 -8.82 13.q 159. l. ' 80.0 .9# .65 .95 , 104. 840 1q. 081
4 23.1 ORO I. 5 67, -I. 410. .96 069 1-.05 I 102. 15. 87. ,15
9 71- .77 17. las. U. 3 69. .92 .74 1011 98. 0. 98. ".006 19-8 o74 1q.2 "1. ti. 379. .88 .78 1.12 89. 0. 89. '.00

? 70 . .9 1q.8 2. n1 .35. 088 .84 1.12 103. 0. 103. .008 71o7 .; ?0.4 1. o. 399. .92 .92 1.12 13S. 0. 135. '.00 
q 74-7 .0 18.8 27. [ie 444. .98 09 S 1.09 161. 00 161. '.00
 

|In 25.7 .64 16.3 A5. 0. S0. 
 1.07 .90 1.05 I 174. 1to 1f6,. '.08

11 240; .7 13.5 1q5. 0o S11. .99 .74 .92 122. 111 11. 
 .91
17 24.2 .82 12.. 278. U. 534. 9 ass6 .,13 101. 173. -72. 1.71 

AVE ?,,1 .74 16.3 q 6 . as 44%o .96 *77 1.02 117. 440 69. .45 

N 
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moisturt availability index, MAI. Column headings for Table 3 are as 
follows: 

Column 
Number Symbol 

1 MO Month of the year.
 
2 TM Mean monthly temperature in °C.
 
3 HM Mean monthly relative humidity expressed deci­

mally. 
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). 

Hargreaves (5, 6) proposed the use of Class A pan evaporation and 
estimated evapotranspiration in the determination of possible ground 
water recharge. Data from a watershed in Nicaragua indicate good agree­
ment between measured groundwater outflow and outflow from the equation 

GWO = PREC - ETA- SWR (7) 

in which 

GWO = groundwater outflow plus or minus changes in storage 

PREC = measured precipitation 

ETA = estimated actual evapotranspiration by the crops and 
vegetation of the watershed 

SWR = measured surface water runoff. 
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The development of values for ETA for a watershed is a laborious 

process and requires fairly detailed information on the areas in various 

types of vegetative cover as well as the dormant or dry periods of the 

vegetation. The evapotranspiration deficit, ETDF, and the moisture 

availability index, MAI, are easily estimated and should correlate well 

with potential ground water recharge. 

A review of the values of MAI given in Table 3 indicates that rain­

fall is severely deficient during ten months at Barra and during twelve 

months at Remanso. In general for the semi-arid Northeast, rainfall is 

severely deficient during about seven to nine months of the year. 

An unpublished thesis study made by Mirnezami cited by Hargreaves 

(4) indicates a high degree of correlation between yields of unfertilized 

dry farmed wheat and MAI. It is therefore proprosed that further research 

be carried out on the MAI-production function relationship and that MAI 

be more widely used as an index indicating water deficiencies and preci­
pitation excesses in water balance, water use and resource development 
planning studies. 

CONCLUSION 

Large quantities of usable groundwater are reported in the under­
ground reservoirs of the sedix-inentary basins of the Northeast. With 
severe water deficiencies during seven to nine months throughout large 
portions of the Northeast, there is a definite and well established need 
for irrigation to increase agricultural production. Irrigation from ground 
water is proposed in areas where feasible as a means of stimulating infra­
structure growth and of developing the knowledge of irrigation and other 
conditions prerequisite to a fairly rapid utilization of surface water sup­
plies after groundwater supplies are mined or after the more economical 
groundwater developments are utilized. 

Additional study is recommended in order to further define the re­
lationships between evapotranspiration deficits, the moisture availability 
index, crop production and yields and potential ground water recharge. 
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