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IRRIGATION REQUIREMENTS AND

GROUND WATER DEVELOPMENT

by George H. Hargreaveal

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
ig 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 regources development planning.

According to Souto Maior (10)2, usable water in the underground
reservoirs of the sedimentary basins of the Great Northeastern Region
of Bragil is twenty times the present capacity of all surface reservoirs
in the area, Within these baeins 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 Maior (10)indicate that in the Ncrtheast there is a linear relation-
ship between annual precipitation and grou~dwater recharge for the range
500-1000 mm. Probably, however, precipitation excess over potential
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.

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

2Numbers 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 Utah
SA—————
State 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 systeme 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 rainfzll, 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,




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 incoming radiation and
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.

Dependatle Precipitation, PD, is the precipitation that has a speci-
fied probability of occurrence based on an analysis of long-time precipi-
tation records. For irrigation development, a seventy-five pe.cent prob-
ability level, or the rainfall that may be expected to occur three years
out of four years, has been selected as a reasonable value for o 8t 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 rnean 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 pred pitation. 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:



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 estirnated 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 scil moisture storage capa-
city. The equaticn for the moisture deficit or potential evapotranspira-
tion deficit can be written

ETDF = ETF - 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
précipitation.

Available Soil Moisture Storage Capacity is considered to be the
difference between the upper level of moisture that is rztained 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 percentage 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,
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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 estimatad so as to
provide for water losses and non-uniformity of water application. When
necessary, provision is alec 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 thess 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 above about sixty-five percent (twenty-four-hour average).

At Fasaje, 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 nmean 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
1965-1970 Data

Mooth E, Ep, Ep, By E, v n
{1 t)] (® (4 (s (® m ®

Jeauary’ 4.3 423 am .65 3.65 .1 8.00
February 4.30 417 2,67 5.47 3.62 6.07 4.9
March 5.21 4.80 3.09 .24 441 6 £.93.
April 5.13 470 317 42 4.2 8.44 4.98
May 4,26 3.76 2.62 3.56 3.60 8.44 5.13
June .18 2.94 1.93 2.64 2.87 5.91 4.46
July 2.70 2.49 1.87 2.1 2.10 6.03 4.48
Auguat 2.78 2.87 1.713 2.24 2.08 5.90 447
Beptember 2.69 2.40 1.87 2.00 2.81 5.90 414
October 2.35 .3 1.58 1.88 2.1 s.18 0
November 2.86 2.91 1.89 2.11 2.89 600 418
December 3.85 11 3.49 2.91 .41 6.48 e«

Tota) 43.62 | @191 | 2728 | 9516 | 4008 | 7493 | se.8v




= Piche svaporimeter in open air.
= Piche evaporimeter ir louvered screen.

;‘- US Weather Bureau Class A pan.
g Hargreaves’ pan evaporation.

¢
= Penman's open water evaporation.

U » Blaney-Criddle's consumptive use for bananas.
Ky = Thornthwaite's potential evapotranspiration,

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

‘“m:: :;;::l::r::ment Regression equation Correlation coefficient
(n (2) (3
Piche (open air) Epo = - 8.021 « L1131 Ep 0.820
Piche (screened) Epy = - 1.498 + 0.683 £, 0.840 ‘
Hargreaves Epc = 11.220 + 0.549 Ep 0.766
Penman E, = 27.894 + 0.280 Ep 0.620
Elaney-Criddle U= 73.135 + 0.044 E, 0.194
Thornthwaite E; = 54.010 + 0.036 E) 0.115

b}

Altkough 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 variecs widely in different locations
with differing climatic conditions. This variation is probably due princi-
pally to an exponential relationship between Piche evaporation and wind
velocity.

The Hargreaves equation used in the study by Hasan and Jones is a
modification proposed in 1968, This procedure has since been super-
seded.

It 18 evident from the analysis presented and the correlation coefti-
cier.ls that the Blaney-Criddle and Thornthwaite methods do not give eatis-
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 criterina:

1. Provide reasonable estimates wher evaluated using measured
evapotranspiration and/or Class A pan evaporation,



2. Be usable with the data available from the area under utudy,

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 transfervable 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 sunshine
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 evapotranspiration, 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 RTxCT xCHx CW x CE (4)
in which
RT = extraterrestrial radiation expressed azs equiv.olent evapora-
tion by dividing the radiation (cal/em®/day) by the heat of
vaporization at the mean temperature, TM, and convert-
ing to appropriate units, mr per day or mm per month

(Table 1)

CT

i

0.40 + 0,024 x T™M (4a)
(TM = mean temperature in °C)

CH = 0.05 + 1,42 x (1.00 - HM)!/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 kkn/day at an anemometer
height of 2. 0 m, 24-hour totalized value)

CE =1.00 + 0.0004 -~ EL (44)
(EL = elevation above sea level in meters)



TABLE 1, MEAN MONTHLY VALUES OF EXTRATFRRESTRIAL RADIATION EXPRESSED AS EGIVALENT EVAP(Y ATION
IN MILLIMETERS PER MONTH AT 20 DEGREES C.

MONTH
LATITUDE

DEGREES JAN. FFR. MAR, APR, VAY JUNE JULY AUG. SEP. ocT. NOV. DEC. ANNUAL
3 Qu2. aja, 4 AZ. 46 7. 468, 44 3, 463. 477. W69, *7 3, 435, A3 4, 547 2.

[ . 887, 422, 483, 46S, 465 439, 458. 875, 469« 475, 839, 4y, 5479,

3 852, 426. 4 RG,. 464, afle 434, 54, 472. 463 . 878. §a8, 44 6. 5884,

2 4SA. 479. 485, 862. 457, 42 9. 489, 45 9. 469, aBle. 448, 451, 5488.

3 4h2. 43 2. 486, L1:¥178 453, 424, 485, 45 7. 469, 883, 4S3. 4s 7. 54390.

n 4R7. g3c, 4 R7. 458. 449, 41 9. 4n0. 454, LY 3: 9 48S. L -7 45 2. 5491.
-1 472. 437, 4 gR, 456, quu, 4lL, 4135, 4o 0. 468. 8. kEl. 45 7. S490.
-2 al7. s, 4R, 454, 483 4nAa. 830, 435 e 467 48¢0. 465. 4§72, S4B83.
-3 481. /4 3. 5 B8R, 4S1. &35, 40¢L, 425, 45 4, 465 e 891, 469, 877 Sas 4.
-4 uRR, 4us, 483, 449, 43l. 398, 20 45 0. 865 8493, 373, 88 2+ sa79.
-5 490 4u 7. gag, 44h. L2h, 3493, “184 44 6. 46k, 89S, L3/ 39 L1:-1:98 S472.
-6 a4y, 449, 48R, 4y, 421. 387. 409, 4y 2, LE3,. 496, 880, 491. Su63.
-7 898, 491. U RRe L L Y5 416 361. 433. 439, 461l 997, 433, 495, S454,
-8 571 451, 4 R7. 437. 4li. 376, 398, 43 4, 4634 ua9q, 48R, SOd.e Su42.
-q SNSe 455, 487 834, 406 37n. 392. 430, 4S8, 499, 4 89, S34. Su4298.
-1 eNg. . §87. 8 8he 431, 4ul o 3nbke 386 . 42 6. QS5 . SO0« 892, 508. 541 8.
-11 S512. 458. y8S,. 427. 395. 35¢f. 380. 421. as4, S01. 495, 512. $399,
-12 51S. 4cq, 484, 424, 3IRQ, 357, 374, 41 7. 4S2. S32. 498, S16. 5381,
-13 S1R. 4fhla 4 83, 42ue. TAL . kL X9 368, 81 2. 89). S02. S00. S19. 5363«
-14 $21. 867 4Rl 416. 376, 33 9. 3162« 40 7. 847, 532. S5U3. 523. S3u2.
-15 S24. a6 3. 4 Bfl. 812. 372 332, 356 40 3. 535, S02. 53S. 826e. SX20.
~-16 527. a5 3. 478, a8, I6Re 327. 350. 33 7. an2., S02. £07. 529. 5297.
-17 %30. 464, 8 7R. anu. 360 32C. 343, 39 2. 839, S02. 509. 532. 5272.
-18 632, 4KS. a74, 4nNPe IS4 . 313. 337. 3B 7 835. S0?. 511. 535. 525 6.
'19 53“- 06%. 372. 395. 3“8- 307. 330- 382. “33. 50‘0 5‘30 53“. 521 9-
-26 %36 4RS. 4 70. 391. 342, 3C0. 323. 376, 333. S00. Sis. S41le S190.
-21 S3ae [ 199 UhR. Ir6. X35. 293, 317 371. 427, SOCe. 516 Ss 4, 5159.
~22 SaD- 46S. £ 65. 3R1. 329, 287. 310. 35S 423, 499, 517, S46. S127.
-23 Su2. 4hS. UE2e. 377. 322. 280. 3ul. 359. 820, 498. 512, S48. S0%4.
-24 S44. 46 5. 4 6. 372. 31€. 27 3. 295, 315 3. 416. 896, 519. S5 1. 505 3.
-25 SuGe 4R Se ¥57. 366 3IN9. 266. 289. 3% 7. 412 895, S20. SS 3. SQ24.
-2 S47. J6L. §S4, 361. IN2. 259. 282. 4le 308 L1 I 521. 554, 8986
-27 S48. 4h4. 950, 3She 295. 252. 275. 33S, 4k 992. S21. S5 6e 4948,
-28 Sag. 463, a47. 3S1. 289. 24 Se 268 . 329. 800 490, S22, 558, 4908.
-29 SS0. 452 443X, 34S. 7282. 2317. 260. 32 3. 395. s s, 522. 55 9. 886 7.
-3n "’ Sc0. 451. 940, 339, 275. 230. 253. 31 6. 391. 886, S$22. S51. 4824,
-31 551. 46N, n3R, 334, 266 22 3. 246 . 31 0. 385 e84, 522. S6 2. 8781.
-32 6862. 458, 432, 328. 26D, 21 6. 238. X0 3. 3182, agl. s22. %6 3. %736
-33 5582. 457, Q 2R, 322. 253. 209. 231 . 286, 377. 879, 522 S64. 4690.

-3y 5%82. 45S. 424, 316. 246, 201. 22%. 290. 3172. 476, S22. S65. 8643,



Mean climatic daca for Brazil have been published for the period
1931-60 in '""Normais Climatologicas' (8). These data do not include wind
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 .
w2 = wind speed in km/day at an instrument height of
2.0m '

PREC = precipitation in mm per month.

Potential evapotranspiration as calculated using equation 4 is based
upon lysimeter data for grass. In order to convert ETP to ETA or the
actual evapotranspiration by crops, ETP needs to be multiplied by a crop
coefficient, K, thus '

ETA = K x ETP (6)

Table 2 from a report by Bolivian-Utah State-USAID Study Team (1) gives
values of K for various crops. In the event that a specific crop is not
given in Table 2, values of K for a gimilar crop will usually provide a
reasonable estimate of evapotranspiration.

CLIMATE, POTENTIAL EVAPOTRANSPIRATION AND
MOISTURE AVAILABILITY INDEX, NORTHEAST DATA

Equation 4 was evluated using the relationships between ETP and
Class A pan evaporation at several locations in Brazil. Subject to the limi-
tations in the climatic data, it is believed that this equation provides a
satisfactory estimation of potential evapotranspiration. Potential evapo-
transpiration as estimated from equation 4 is presented for twenty-three
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

Crop Root Depth in Meters

Full Crop Cover

Seasonal K

?;nﬁe AveKra.ge Range Mean
Field and Oil Crops 1.00-1.30 1.10-1.32 1.22 .73-.99 .89
Fruits

Grapefruit 1.20 .79 .79

Naval Oranges 1.07 .65 .65
Grain and Forage Crops 1.12-1.35 1.08-1. 70% 1.37% 25-1.15 1.04%
Grass Crops -

Bermuda Lawn 1.19 1. 05 1.65
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

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

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

Source: Erie, L. J., Orrin F. French and Karl Harris, '"Consumptive Use of Water by
Crops in Arizona." (Tech. Bulletin 169: University of Arizona Agricultural Ex-
perimental Station, 1965), 44 pp.

Middleton, J. E., O. W. Pruitt, P. C. Crandall ard M. C. Jensen, '"Central

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

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

7 ppP-

o1



Table 3.

82876

M0 ™
1 268
? 26e0?
3 26.1
8 262
s 26+ 3
[ 259
T 257
! 267
Q9 28.1
1IN 28.7
1 288
12 27«6

AVE 2609

87578

MO ™
1 2727
? 26e8
3 262
4 263
-3 266
6 268
7 265
] 276
9 29. 1
mn 295
1n 2% 2
) ¥4 28e7?

AVE r& ey

Moisture Availability Analysis Including Climatic Data

CAXTAS MARANHAO

HM D
«77 0.3
«8% 9.7
84 9.5
-88 9.5
81 9.8
78 11.2
-9 13. 0
«63% 18.3
« 60 18.0
«60 13.3
«6S 12.1
71 11.2
73 11.5

TFRFZINA

HM D
«T7 10.3
«8% 9.5
«85 9.1
83 9.2
81 9.7
«TH 11.3
«6S 13.5
«57 15.0
eSS 18.7
57 13.7
61 12.6
«68 11.3
71 11.7

PREC

169.
7?83,
2R8.
283,
72.
19.
8.
3.
13.
729.
f6e
as5.

107.

PIaul

PREC

17S.
31k.
258,
Q1.
15.
8.
6e
9.
28.
&N.
105.

108.

INS

190,
157.
1£ S,
188,
244,
26 3.
291.
309.
27 5.
266,
233,
21 3.

2% 2.

INS

19 5.
165,
18 7.
191.
252.
279.
307.
322.
222.
28 0.
213.

24 3.

LAY

RMM

893,
8sd.
a91.
8 a9,
. 30.
39R,
a1s.
8 S0,
4WEB.
399,
88N,
aan.

8 59.

LAY

RMM

a9,
a50.
§9].
8 49,
8 29,
395.
817,
449,
8 6R,
8499,
afl.
991 .

460.

& 52

S 5

1.05
1.04
led3
1.03
1.08
1.03
1.0
1. 0F
1.1D
l1.11
1.1
1.08

1. 06

LONG &3

CH

«73
«bN
«62
62
«67
<76
«24
«92
«95
«35
-89
-82

«78

LONG &2

CH

73
bU
«60
Y )
67
«78
-89
«98
1.00
«98
«93
«85

81

21 .

43

ELEY

Cu

- N
«87 .
<82
«83 .
1.08 °
1.10
leli -
1.12
1.11
1.08
1.056 ¢
1.0?

1.01
ELEYV

Cu

98 !
~88
8D
«85
1.03
1.10
1.11
i.11
i.11 .
1.09
1.06
1.M

77

FI?P

12k,

9] ..

0.
83.
110.

119.°

139.
168.
18.
197.
17N
152.

136,

79

EYP

126.
R.
8a.
€%0.

107.

128 .

150.

183.

200.

208 .

183.

159.

142.

PD

92.
18 7.
181.
177.
19.
Q.
Ue
0.
0.
O.
) B
37.

S6e.

PD

96.
18 2.
198.
15S.
33.
"De
0.
0>
0.
0.
10.
48,

5 Te

ETDF

33.
'SS.
-91.
-98 ,

11
119.
139.
168.
186.
197.
156.
lls.

80.

EYDF

.
—50.
‘1‘.0
-66.
™.
1x8.
1S0.
183.
200 .
208 .
173.
115.

86 .

Ma i

oTH
1.62
2.01
L4
17
-0n
-00
00
«00
«C0
-09
28

58

MAX

« T8
1.54
235

1.73 .

31

1
L J

«-00
%oo
=00
'«06
«28

«59

B



Table 3.
82696
“0 ™
1 22-.8
2?2 2%.0
3 22-8
8 22.3
S 218
& 20.?2
7 196
] 19.6
Q 2[].q
1" 2le6
1 222
1? 2?26
AVE 21.6
87798
M0 ™
1 28.3
? 288
3 288
8 238
S 226
13 21-8
7 206
! 207
9 21-9
m 22.9
11 23.7
| T4 28.0
AVE 229

(Continued)

APETA
HM TD
81 10.0N
8% 9.7
« 8% 8.9
88 8.0
«90] 7«2
«91 .6
«90 7.0
.88 7.7
«8S 8.7
81 9.8
«81 10.3
«81 10.3
85 8.7

CAMPINA GRANDE

H™

«70
«76
79
-1
-85
«75
«T1
-70
«70

-76

T0

10.5
10.1
9.6
8.7
7.8
8.8
T« 8
8.3
9.5
10.6
IN.6
10.6

PaARAIRA
PREC INS
5S. ‘N,
9.. D.
159. 0.
187. Qe
205. Oe
2%7. "Ne
1895, 0.
142. (3 ]9
S4. Ge
25. "Ne
?8. (18
38. "Ne
115. O
PARAIB 8
PREC INS
7. 0.
43, Ne
™, 0.
9% . 0.
117. 0.
118. Oe
28, Q.
S8. N.
8, 0.
13. N.
16 . a.
19. O.

S7.

0.

LAT

RMM

S00.
853,
8 89.
882,
818,
38%.
s0s.
4 319,
46l.
898.
48%5.
8498,

856.

LAT

MM

so1.
ass,
490.
.82,
817.
382.
403.
8 38.
862.
8 99.
886,
899,

856,

6 58

CcT

-
-
-
-
e
- 88
« 87
- 89
.92
« 93
N

. 92

713

LONG 35S a} ELEYV

L)

«b6
<68
" «60
249
.“6
« 89
«53
«b 1
«66
-58
«67

«59

LONG 35

CH

.82
«80
75
.70
«62
«59
«60
«B82
«83
«82

73

Cw

1%06
1.02
295 1
«9%
«91 .
- 87
«93
-7
1.05
1.09
1.09
1.08

1.00

S3 - ELEV

Cu

1.09
1.08
1.0%
1.02
1.00
1.00
1.03 ¢
1.06
1.09
l.11 :
1.10
1.10

1.06

628

ETP

119.
132.
9% .
78 .
1.
Q9.
S7.
.
*%.
119.
120.
122.

9.

¥ 44

ETP

153%.
138,
135.
110.

87.

73.

80.
100+
12Z7.
153.
158,
157.

123.

PO

6.
35.
84,
83

11 9.
18 3.
10 s,
T1le.

Se

O.

.

C.

S8&.

PO

de
21.
35.
53.
Sa,
28.
9.
g.
.
Ge
0.

17.

ETOF

113,
67 .
12.

°5so
-93.
-86.

-1.

0.
119.
120.
122.

ETDF

159.
138.
115.

15.

Is,
20.
S2.
9.
127.
158.
158,
157.

106.

MAL

05
«35
A8
1.07
e
290
1.81
1.01
«06
-00
00
«00

mAd

«00
15
32
61
<73
35
«09
«00
.00
«0Or

00

19

2t



Table 3.

82.697

"0 ™

| 269

rd 270

L4 270

8 263

S 2Set

6 28.?7

R4 23«56

2 23S

Q 2.6

1N 256

n 263

12 26e7

AVE 29« R
R2.798

L)) ™

1 2hef

? 26. 8

3 26-R

8 263

8 25.3

(3 283

7 237

A 237

9 28.7

10 2S.6

11 26.1

17 26.8

AVE 2%.5

(Continued)

GUARASIRA

HM

«75
«76
77
-82
«84
-84
«83
«79
«76
75
7S

«73

™D

117
1.5
10.8
9.9
9.0
8.5
8.8
9.6
11.0
12. 2
12.3
1.9

10.6

JOAO PESSOA

HM

«76
77
<81
-84
-84
.a.
«79
77
76
«76

«80

NP NNSNSNSNSNNNSS
* 0 s 0 -
~OWENN=WANDSE O

)
.
w

PARAIR &
PREC INS
82. Oe
63. 0.
98 . Ue
123, "D
1S1. ‘N,
2n3. 0.
8. g.
S6 < ‘N
22. 0.
12. 0.
86. C.
TT O
PARAIBR
PREC INS
62. 267,
79. 23Se.
173. 231.
227. 2148,
301. 208.
348 . 19 2.
190. 207.
132. 231.
6l. 237.
23. 28 2.
3le 28 0.
81. 28 2,
139. 239.

LAY

RMM

Ssol.
sSA,
891.
LE T I
a20.
385.
su7.
LI ) I
a63.
Sa0.
q 86.
899,

8§ S8.

LAT

RMM

S02.
“Sg.
§9.
a 83,
418.
38u .,
§05.
s4b.
863,
500.
8 87,
S500.

6

51 LONG 35 29 ELEV

6

cY

1.08
1.08
1.0
1.03
1.0

.97
«937

1.01
1.0G3
1.03

CH

«76
.75
«73
«69
«65
«62
«62
<68
<75
«76

«70

LONG 34

CH

o748
«73
«71
«67
62
61
«62
.56
«71
78
o778
«74

" e6 2

Cw

1.08
105 1
1.02
.99
« 936
«91
1.03
1.086
1.10
l1-11 °
1.10
1.07

1.08

52 ELEYV

Cu

1.05
1.08
o N
«a8
«81
«T6
" 4
«98 -
1.06 °
1.10
1.N9
1.08

- 98

101

ETP

150,
132.
135.
111

xN.

75«

83.
102.
123.
149,
1487,
149,

121.

28

ETP

183,
125.
120.
9% .
™e
61.
9.
%.
120.
148,
181,
184,

112.

PD

0.
12.
38.
S7Te.
78.

11 7.
31.

Te

Q.

g.

0.

O.

28.

PO

11.
ZS.
9s.
135.
191.
226.
6u.
11.
0.
O.
u‘

T2

ETOF

150.
120.
9a7.
SN,
16«
-83,
57.
a5.
12%.
189,
187,
148,

3.

ETDF

132.
101.
26.
~80 .
-1 17.
-165.
-290
3.
110.
186,
18l.
140,

a0 .

MAT

«00
‘09
-28
-52

A3 .

1.57
35
07
-00
«00
-00
«00

«31

Mal

-08
«20
«T9
1.82
2.58
3.70
137
«6b

'«00
00
«00D

«91



Table 3.
82.779
MO L
1 239
2 2?80
3 239
8 2% 2
S 22.1
f 209
7 20?2
L eNe?
9 212
in P28
" 2% 2
1?2 235
AVE 22.n
87«893
"o ™
1 219
? rd TR )
I 21.9
& 21e?
S 19.8
€ 188
7 178
a 17.9
9 19.2
17 20.6
1 7le8
12 272.0
AVE 204

(Continued)

UMBUZEIRC
HM™ D
T8 10.3
75 10. 0
«81 8.8
« 86 73
«37 be
«87 Te
-BU B.
«75 q.
«73 10.
«78 10«
GARANHUNS
HM TD
78 1l1.6
o 76 11.2
77 10.8
«81 9.6
«90 Te1
«91 7«1
-89 Te7
«873 8.8
78 10. 8
76 ilen
75 11.7

PARAIBA
PRPEC INS
25. D.
43. O.
77. Qe
106. fNle
137. 0.
151, *Ue
119. n.
s?. ) n.
!2. n.
19. O.
17. 0.
21l. " Oe
€9. ‘N
PBCO

PREC INS
39, O.
SS. 0.
111. ‘O
13, 0.
228, " Ge
?31. 0.
213. ‘n.
155. O.
65. * n.
30. ) n.
6. T Ue
3S. O
T11. Q.

LAT

RMNM

503.
855,
8 89,
8480,
@la.
379.
83,
46l.
Sao.
4 88.
SuUle.

856,
LAY

RMMK

507.
8 56.
488,
835.
807.
371.
393.
8 3.
8458.
500 .
“91.
506.

454,

7 42 LONG 35 42 ELEV
ct CH Cw
« 97 «78 1.09
«98 «76 1.08
« 97 «73 1.08
- 9% " 66 1.01
«93 «58 - 938
- 88 57 1.00
- B8 62 -03
91 «68 1.09
oW «76 1.10
- 3 ‘.78 1.10
- 9% «78 1.13
e «69 1.05 ¢
8 §3 LONG 36 31 . ELEV
cTY CH Cw
« 93 «76 1.08
« 933 «74 1.05
93 73 1.00
«91 «67 98
« 88 " «56 « N9
- 85 51 - 88
«83 -48 90
- 83 «52 i )
- 86 «63 105 ¢
- 89 71 1.08
e 92 « 75 1.08
« 33 »T6 1.08
- 89 " «65 1.00

8 97

ETP

149,
129.
1729.
100.
78 .
6b o
72
88.
111.
139,
1un,
187,

ii3.

927

ETpP

139.
121.
119.
™.
68
S1.
)
6S o
5 .
126.
132.
18.

100.

PO

.

G.
23.
8S.
68.
78,
SS5.
27

O.
O.
De

25Se.

PD

g
6e
88,
66.

133.
138.
124,

82.
14,
0.
O
O.

S1l.

ETOF

188,
129,
107
56 .
10.
’l?o
17.
6l.
111.
139,
186,
187,

EYOF

139,
118,

e

28.
-69.
‘87.
°73 ]
-17.

81l.

126.
132.
141.

49.

MAT

«0D
«00
18
85
-7
1.18
78
«30
«00
=00
=00
«00

«31

MAY

=00

.005 !

80
70
2.09
2.70
283
1.26

15 -

.00
Q00
10

«81 -

14!



{Continued)

Table 3.

82799 RO0TANA
Mo ™ HM
1 26.N «75
? 26.0 75
3 25.9 76
8 258 77
S 288 -79
£ 238 «82
T 233 «83
A 2%.3 -83
Q9 245 «80
1IN 2%.2 78
11 257 76
12 2%.9 «76

AVE 2S5.n - 78

R2.781 NA Z4RE
Lol o) ™ HH
1 264 o 78
7?7 26e% «76
T 262 «79
L] 256 «82
S 2&.7 «8S
& 23.5 « 86
T 22«9 -85
! 229 -83
9 23.7 «80
n 2a-8 77
11 2S.6 78
12 26-1 78

AVYE 289 «80

10

11l.1
10.7
10.3
907
9.3
9.5
9.9
10. 3
10.8
10.9
11.2
11.2

10.8&

O8 MATA

T0

11.%
10.6
9.9
9.0
8.3
8.0
8.8

9.0 "

10.2
11.3
11.8
11.6

10.0

PREC

87.
151.
232.
I26.
361
3R8.
?59.
17S5.

Q2.

5l.

2.

76.

188.

PREC

8.
68,
119.
1S1e.
197.
197.
128.
7.
39.
21.
27.
33.

Q0.

PBCO

INS

Ne
0.
Ne
0.
Q.
- n.
Ne
u.
.
’ n.
N.

‘0. .

Ne

PBCO

INS

258,
216.
207,
19n.
173.
189.
208,
232.
26 1.
262.
27 3.

2285,

LAY

RMM

508.
8 SS.
890.

7

LX) O

416,
381.
803.
& 38.
862.
S0l.
4 88.
502.

a57.

LAT

RMM

s0%.
QSG.
%290.
a8}.
§15.
380.
hND2.
837.
a62.
501.
4 89.
503.

457,

7

33

crT

1.02
1.02
1.0?
1.0t

1.00

- 97
9%
. 95
<939
1.00
1.02
1.02

1.00

L X

cT

1.03
l.08
1.03
1.01
39
e 9%
«%5
35
- 97
1.00
1.0?
1.03

1.00 °

LONG 38

CH

«76
«76
73
70
.66
«63
N-X}
-6 8
«72
o748

«71

LONG 35

CH

«74
«70
«6S
" <60
«58
60
63
‘<68
«77
o177

»69

k9 ELEV

Cu

1.03
- 3
- 88
«78
o7
72
«85 |
o N

1.02

1.07 .

1.07

1.08

e R
15 ELey

Cu

1.N8
1.05 ¢
1.01 -

T 74
9

1.08
1.08
1.10
1.09
1.09

11

ETP

1841,
116
g9.
75 o
6l.
73.
88.
ili.
135.
138.
181,

107.

87

ETe

153.
130.
126.
99,
a0.
o8 .
7.
% .
115.
182,
147,
151.

115.

PD

31l.
78.
139.
209.
23 6.
256.
15 9.
96.
3a,

3.

9.
22

136.

PO

C.
1se.
§57.
78.

11 2.
11 3.
61.
23.
"Oe

0.

0.

0.

37.

ETDF

110.
at.
’23.
°120.
-160.

-195.

‘87.

76 .
13.
1,
118.

2.

ETOF

153.
117.
.
26.
~-32.
-a5.
18 .

73

115.
182,
187,
151.

78 .

MAX

22

«66
1.20
235
3.12
8.20
2019

1.10

«31
‘02
03 -

9 13

1.30

Sl



Table 3. (Continued)

f82.898 RECIFE IOLINDA™ PBCO LAT 8 1 LONG 3& S1 ! ELEV S6
LIy ™ HM TD PREC INS RMM ctY CH Cw ETP PD ETOF MAl
1 27«0} e76 5«7 80 281, S06. 1.05 o Th 1.08 - 1489, Q. 189, 00
2 27.1 «77 Se«7 89. 28 0. 8 57. 1. 05 «73 1.03 125. 32. 93 . «25
3 27.0 «79 S5«3 197, 236, §91. 1.056 «70 .92 116. 113. 3. «97
8 2?66 «81 6.2 748, 21 3. agh, l1.08 67 « 86 93. 151. -89, 1.63
S Seb «8% fhal 135. ni. 814, 1.01 b u 77 73. ?ch 'IUS. 296
13 287 «83 5.8 T18. 186. 378. e 939 .08“ 719 67. 20‘. -1 37. 3.05
7 28.2 «82 $.8 rard K 198. 800. « 98 .33 «89 81- 133. -SZI l.ﬁs
AR 28.? «80 5.9 1a6. 216, 8 37. 98 «68 « 97 . P*”. 75. 24, 76
a 2S.0 «78 Se% f2. 244, 862. 1.00 «71 1.06 121 12. 110. «10
10 25.9 76 5.5 37. 280, 502. 1. 0? « 78 1.08 148, 0. 188 . '
1n 26+ 04 «76 S<.h 25. 285, 4%0. 1.03 o7 H 1.09 188, Oe 184, -00
12 267 76 Seh 40. 294, 504. 1.04 «T4 1.08 147, g. 187, =00
AvE 25.9 «79 S.8 187. 2319, 857, 1.02 «70 97 113. 78. 35 . «95
i 72« 994 MACEIO ALA LAY S an LCNG 35 42 ELEV ab
"o ™ HM 1D PREC INS RMM cT CH Cu €Te PD ETDF Hay
1 265 «76 67 S8. ’81. 512. 1. 00 «74 1.05 186, 9. 177 1113
2?2 267 «77 6.8 63, 2aa, 3 59. 1.08 «73 105 ' 13 12. 117. 10
3 26eb 79 be b 135. 2u0. 489, 1.0a «70 «98 122. Bb6e S6. 58
& 26-1 «81 bel ?25. ?16. 8135, 1.03 67 «fR9 93. 13 4. -81 . 1.8¢
5 25.3 «83 5.5 Ia5, 19a, NOS. 1.0t Ny 76 69. 228. -15A, 3.22
13 283 «82 5.5 268, 186, I69. e IR «b6 «85 ¢ N 153. -92. 230
7 23.1 .Bl Seb6 ?ls. ,.99. 391. .91 «67 .90 w. 1210 ~-87, 1059
8 23.7 .78 S«6 134. 213. &829. « 97 71 «98 - 102. 6S. 36. 68
q 2‘.q 017 6-0 86. 229. “59. 099 .13 1003 * 119. 290 90. o25
M 25.3 76 62 59. 26 8. 503. 1.01 «TH 1.05 139. 9. 1. -
11 25.9 «76 6.8 l1. 28 2. asgs5. 102 «75 1.09 185. Ue 185, ‘e
1?2 263 «76 6.8 38. 29 2. S11. 1.03 oTH 1.8 18B. 0. 188. «00
AVE ?2S.s «79 6.2 138. 2317. 455. 1.M T e71 98 18, Tu. 44, -85S

91



Table 3.
f 3. 096
Me ™
1 265
rd 26.8
3 269
q 26 4
S 7S48
[ rd ER
7 2%.8
1 237
a 2s.5
WM 25e.8
| B | 2S-8
| 4 2672
AVE 25eS
8%.195
MO ™
) 25.1
? 2508
T 252
8 285
s 23.1
[ 220N
T 212
2 212
9 22-1
10 23.8
1n 288
12 25.MN
AVE 235

(Continued)

ARACAJU
HM TD
«77 6e2
«77 6.8
«78 6.3
«79 6e?2
-81 6.0
.80 5.9
«80 6.0
«78 6.0
77 5.9
«77 6.1
78 6.3
«78 6.4
-78 6.1
ITABATANINHA
HM TD
77 11.1
«77 11.1
«73 10. 7
«82 9.6
«86 8.2
87 8.8
«89 8.3
<86 8.9
«83 9.9
-81 10.6
«79 10.9
7R 10.7
«82 9.9

PREC

a3.
a5,
107.
162.
263.
177.
161.
10s.
S4.
SGe
aq,
38 .

10a,

PREC

sl.
41.
a1.
112.
160.
106.
131.
86.
SSe.
S3.
72.
Si.

83.

SER

INS

25 3.
226.
228,
214,
190,
186,
179.
201.
21 &,
282,
268,

220.

SER

INS

TN
O.
: D.
De.
‘N
O.
N
0.
Ce
0.
n.
Q.

"0

LAY 10 5§
RMM cY
516. 1.00
a6l. 1.U8
888, 1.05
a3l. 1.03
399, 1. 01
362« .99
384, .97
828, .97
456, .29
SO . 1.01
899, 1.3?
516. 1.03
853, 1.0
AT 11 17
RMM cY
517. 1.0n
561. 1.01
387. 1.0n
628, .99
396, « 95
359, - 93
381. 91
a2l. N
aSa. 93
S0%. 96
899, «99
517. 1.00
as2, . 97

LONG 37

CH

«73
«73
72
«7N
67
«69
«69
72
<73
73
«72
«71

71

LONG 37

CH

«73
73

TeT1
" «bS

«59
«57
«55
«59

T bl

«67
<70
«71

«565

5 ELEV

Cuw

=08

1.07

1.01

95
AR5
L]
=95
1.01
i.06
1.07
1.07
1.08

1.01

89 ELEV

6

ETP

188.
1133,
130.
j0a,

80.

80.

&5 o
107 -
122.
139.
13%.
183,

117.

225

ETP

185,
130.
125.
97 .
™
67.

82.
101.
122.
128.
139.

106 .

PD

O.
Ue
8S.
86.

16 2.

98.
86.
8 3.
S»
3.
2.
De

84,

PD

d.
0.
33.
89.
8S.
8 S.
63.
28.
Te

19.
3.

28.

ETOF

188,
138.
85 .
18.
-82 .
’l’o
-1.
62 .
117,
1%.
1w,
183,

8.

ETDF

185.
130.
.
48,
-11e.
23 ..

ss.
95 .
117,
109.
13.

78 .

MA]

«00
«00
35
83

203

121
1.01

81

=08
.02
01
00

89

" MAX

-9
«00
27
51
1.18
67
=95

‘=06
=08
15
=02

35

Ll



Table 3.

82.097

LTy ™
1 27?2
?2 27«9
3 278
q 268
S 257
3 2%-8
7 230
] 229
9 283
N 2?2s.8
11 26e R
12 27.8

AVE 25.7

83.179

MO ™
1 267
? 268
3 266
Q 26e 8
8 2S.8
(3 28,5
T 281}
e 25+ 0
9 272
10 28.6
11 275
1?2 26e

AVE 26-3%

(Continued)

PROPRI A

HM

«70
«70
71
«76
-84
«8%
« TR
T2
71
«70

76

AARRA

HM

67
69
e66
<60
«55S
53
-8
8
68

«59

TD

12.5
11.9
11.9
12.5
18. 2

6.0 "

16.5
16.8
15.6
13.9
12.2
11.5

13.8

PREC

3ue.
4.
87.
Q{la
168,
123.
111.
80.
40.
?S.
36.
22.

b

PREC

a9,
Q3.
119.
62.
16.
.
G.
Oe.
8.
32.
118.
187,

S7.

SER

INS

O.
B I
O.
" Oe
" Do
O
a.
" Na
a.
' O
0.
U

"N

BAHIA

INS

270.
251.
256 .
2780
299.
304.
319.
329,
288,
285,
2a8s,
242,

281.

LAY 10

RMM

Sia.
&6l.
8§ 89,
833,
ag02.
366
388,
827,
457.
508 .
84 97.
S14.

4 Sa,

LAT 11

RMM

S17.
862,
& 88,
830.
398.
361.
3a83.
828,
857,
505.
S00.
S17.

453,

12

LONG 36

CH

«83
«83
«81
«65
«b62
«61
68
71
17
«87?
82

74

S LONG a3

et bt s b
e 06 o ¢ ¢ o

(]

-y

AR

54

CH

-89
.87
-85
.88
.93
1.00
1.00
1.00
1.00
.00
.95
.86

98

52

10

ELEYV

Cw

1.09
1.10
1.07
1.03 ¢
1
«99
1.00
1.0%
1.08
1.09
i.08
1.10

1.05

ELEV

Cu

1.03
1.02
1.00
1.06
1.10
tel2
l1.12
1.12
i.11 ¢
1.09
1.00
«97

k{)

ETP

17Me.
157.
159.
121,
885 .
T6 .
79.
N.
120.
152.
181,
172.

129.

808

EvTe

175.
1S2.
153.
146.
149,
182.
189,
169.
1 WM.
212.
179.
158,

165.

PD

0.
O
118
33.
88,
57.
8 q,
2Se.
.
Ce
.
O.

21.

PD

32.
35.
Ss&.
ll.

O.
O.
0.
0.
D.
53.
7Se.

22

ETDF

1Me.
157.
159.
88.
5.
19.
3b.
69.
120.
152.
161.
172,

10%.

ETOF

183,
i18.
99,

155.

159,
142.
189,
169.
190.
212.
126,

f3.

183,

MAX

00
-00
00
27
=95
o715
61
26
-00
«00
=00
«00

2N

MAX

18
23

«08
'«00
~UU
'«00
00
«00

'«00 °

«30
87

«13 .

81



Table 3. {Continued)

83.33%9

80 ™
1 22.0
I 223
3 22.8
&« 21-6
S 20 8
6 19.2
7 187
L | 19. 8
9 216
n ?2%2-.8
1 22.2
12 22.1

AvVE 212

83.u78

“0 ™
1 286
? 24.6
3 286
[} 285
S 238
(S 219
7 215
a 223
9 289
13 26.3
11 2598
12 248.8

AVE 2u4.1

CAETITE

HM

«77
«76
«77
«77
75
«73
«71
«86
«h2
«b6S%S
78
«78

«73

IBRIPETUBA

HM

«78
«79
«78
-78
9
«6S
60
«518
«61
72
7R

«71

TD

10.9°
11.2
10.8
10.7
11.1
115
12.1
13.2
13.7
13.0
10.9
10. &

1.6

TD

13.2
12.8
12. 2
13.5
16.0
19.0
20.1
?1.2
20.1
17.2
15.8
12.8

16.0

PREC

13,
G2«
'27.
h3.
19.
11.
i2.
10.
13.
59.
185.
164.

Ta,

PREC

125.
1“5.
13%.
13.
11e
l.
le.
| Y
Te
S3.
158.
198.

76.

BAHIA

INS

208.
206,
208.
222.
2?2 1.
238,
262,
2u 4,
22S.
168,
177.

215,
BAHIA
INS
)
0.
‘N,
0.
"Oe
Ne
Q.
Oe
D.
" Be

O.
" De

0.

LAT 14

RMM

S25.
463.
882.
817.
3I79.
341,
363.
s08.
Q 4R,
SO,
SO0FR.
527.

447,

LAT 11

‘RMH

S16.
461.
487,
4 29.
x97.
360.
382.
Q23.
asSk.
50&.
899,
S16.

853,

L)

cr

« 933
oI
O
.92
- 89
- 86
« 85
.92
«95
«93
93

.91

1

cY

« 99
« 39
« 939
]
« 9%
« 33

N
1.0n
1.03
l.Ul
1.00

- 98

LONG 82 29
CH Cw
o715 «98
75 1.02
«73 «99
A 1.05 !
76 110
‘78 l.11
81 1.11
«88 l.11
«92 l.11
«90 1.086
77 « 93
o712 «95 !
‘«79 1.08
LONG 84 31 ELEY
CH Cw
72 .99
« 10 « 97
«68 e 98
«71 1.08
77 1.1l
«84 1.12
«89 lel12
<95 lel?
«97 1«11
«93 1 .07
.810 .%
71 « 91
«81 1.0%

ELEY

8 72

ETP

127.
120«
118,
106.
102.

9.
101.
l?s.
152.
ién,
122.
121.

121.

§ 38

£ETP

129.
111.
115.
112.
117.
112.
175.
150.
175,
188,
138.
119.

132;

PD

6S.
3“.
60.
13.
0.
O.
0.
O.
C.
9.
10 &.
88.

31.

PD

S 9.
T4,
67.
20.
O.
G.
O.
.
\Q‘
8.
83.
114.

3Se

ETDF

62 .
86.
S8.
9%.
r102.
2.
101.
135.
152.
155.
18.

APVe.

EYOF

T0.
37.
a8,
2.
117,
112.
125.
1S50.
175.
179.
S5 o'
6.

‘97,

MAL

*S1
«29
51
12
«00
«00
«00
-00
00
b
-85
«73

25

MAl

o &5
67

=18

«00
<00
=00
'« 02
«60

«9%

«29

61



Table 3. (Continued)

83.238 PARATINGA RAHIA LAY 12 &} LONG 83 11 - ELEV &22
0 ™ HM TD PREC INS RMM cY CH (of'] ETP PD ETDF Al
1 2Se.8 «72 12.1 1n7. 238. 522. 1.02 «80 1.01 153, 8S. 107. 30
? 25.7 «72 12.0 129. 263, 863, 1.02 80 - 93 iX2e. 62. 70. a7
3 2S.8 «73 11.7 115. 21 9. a86. 1. 02 .79 1.00 13%. S1l. a8 . 37
& 25.9 «70 12.8 ap. 2ka. a2, 1.02 .83 1.08 138. o 138. =00
S 2S5.1 63 14.2 11. 281. 389, 1.0n 91 l1.11 180. U. 1aD. 00
& 24e.& 58 15.6 Oe 277. 351. .99 «97 1.12 13, Oe 1. ‘=00
Y 28.3 57 15. ¢ le 279, 373. o qR " .98 1.12 18, O. 1an. «00
2 26.% 5% 15.3 O. IS, a17. 1.01 1.00 1.12 168, O. 168. =00
9 27.% 52 14,7 8e 25 2. 454, 1.06 1.0N 1.11 19%. 0. 190. <00
1N 28.3 57 13.8 82, 247. S06. 1.08 .98 1.08% 206 . Qe 206. .00
11 26.a 68 11.8 189, 20 3. 50u . 1.03 " <85S 96 152. 17. 5. «Si
1?2 2S.k .78 11.8 153. 224, 523« 1.01 .78 «% 182. 80. 62« 56
AVE 25.9 ohl 13.4 f3. 25 2. 851, 1. 02 89 1.05 1 1S53, 26. 127. .18
R72.979 REMANSO BAHIA LAT 9 1 LONG 82 & ELEV s11
L) ™ HM ™ PREC INS RMM cY CH Cw ETP PD ETODF MATL
1 27.S% 51 18.7 9R2. Oe 512. 1.06 1.00 1.02 19. 38, 168 ¢ 17
? 27.8 52 14.6 6Se 0. 8 60. 1.06 1.00 1.05 183. 16, 169. L07
3 27e1 «51 18.2 108. O 8 89, 1.05 1.00 1.01 188, 86. 138, 25
s 27.% 51 18.7 35. Ue 8 35. 1.06 1.00 1.08 © 177. O. 177. «08
€ 27.0 «50 1S.1 10. 0. s 06. 1.05 1.00 l1.11 . 168, Q. 168. .
6 260 «S0 15.6 1. 0. 369. 1.02 1.00 1.12 151. O. 151. '
T ?%.6 «50 15.8 i. D. 3. 1.1 f.00 1.12 1S8. 0. 158. .
R 26.0N .88 16.1 0. 0. a 3. 1.2 1.00 1.12 176. Q. 176. 08
9 27.? e85 15.8 8. 0. s 60. 1.05 1.00 1.12 1R. 0. 192. «00
m  28.3 -85 15.3 10. i S sSOe . 1.08 1.00 1.11 215 . Q. 215 . .
11 23%.0 87 146 78. N. 896, 1.07 1.00 1,08 ' 197, 23. 173. 12
12 27.5 <8R 18.5 a3, " Oe 512. 1.06 1.0d 1.02 198, 3s. 168. -18
AVE 27.1 <49 15.1 aj. C. as5. 1.05 f.oo 1.08 '+ 183, 13. 170. ‘07

02



Table 3.
R . 386
"o ™
1 2S-1
7 25.%
3 ?5.27
8 246
5 233
a 227
7 2720
L] 230
9 258
1n 2608
1n rd-X%4
1? 28«7
AVE rd XX}
83.483
"0 ™
1 267
rd 289
X 267
[ | 238
L3 213
6 19.9
7 19.7
] 218
9 2%.1
10 25.3
n 289
1? 282
AVE 23.2

(Continued)

JANUARTA

HM

«79
«77
«78
A
72
69
.G“
57
«57
63
«76
-81

71

PIRAPORA

HM

78
78
78
77
78
72
69
«61
«58
«h8
79

72

TO

10.7
11.1
10.8
11.2
13.0
18.4
14.5
15.5
15. 2
13.6
112
i0.2

12.6

T0

10«6
11. 1
ll.q
12.9
15.2
17.0
17.2
17.8
16.1
12.9
ilal
102

13.6

PREC

187,
105.
103.
s2.
1l.
1l

| I
1.
16.
57.
165.
217.

73.

PREC

27U.
143,
177 .
3.
11.
3.
3.
1.
19.
7S,
202
278.

95.

MeGe

INS

227.
218,
231.
235.
25Se.
2€5.
281.
2u4a,
21S.
174,

23n.

M.Ge

INS

19S5,
198.
214,
232.
26 9.
261.
2748,
290.
21.
197.
181.
1S58,

224,

LAT 1S 30
RMM cT
S30. 1.00
8 66. 1. 01
4381. 1-.00
813. e
372. e 9
333, « 93
385. « 93
802 * 96
846, .M
506. 1.03
S10. 1.00
5133, - 99
LAT 17 21
RHM CcT
5$S3%. - 99
867, 1. 00
a78. « 99
L X1 8 36
360. - 91
320. -« 88
343, - 87
392. . 2
540. «98
505. 1.01
S1la. 1.00 °
S 39. «99
aa2, - 9

LONG 44 21 ; ELEY

CH

«71
.78
«71
7S
80
T .84
«90
.98
.98
«91
75
68

«81

LONG &4

CH

«71
71
TaT2
73
77
<80
-84
«94
«97
«90
77
«70

80

<7

C¥

97
1.01
1.01
1.07
le11 °
1.12
l.12
1.12
1.10
1.06

«95 1

«89

1.0%
ELEY

Cu

«89
97
.99
1.05 ¢
le21
112
1.12
l1e12
1.10
1.08 !
91
-83

1.02

439

ETP

129.
125.
125.
117.
112.
10s.
119%.
150.
178,
179.
130.
118,

132.

812

ETe

120.
115.
119.
107.
100.

Pv.
100.
135.
170.
128.
110.

121.

PD

7S
“.CD
g82.
L
Q.
0.
0.
.
O.
8.
89.
127.

32.

PD

13 0.
T2
60.
12.
0.
G.
0.
Oe
0.
21.
11 6.
173.

49.

ETDF

Sh.
8i.
82.
113.
112.
108 .
119.
150.
174 .
17t.
.2.
=16,

99.

ETOF

"l{

a3.
s8.
9.
100.
0.
100.
135.
168,
185
1.
-68 ¢

2.

MAI

35

MAL

1’9
«63
51
ol
‘«00
.00
L J
=00
'«00
13
«21

1.58

o8l .

1e



Table 3.
83« 385
MO ™
1 28 9%
? 28. 5
3 28e1
8 2%.3%
< 2lebh
6 19.3
7 2Ge N
R 217
9 24e?
10 257
11 286K
17 24.2
AVE 2% 1

(Continued)

HM

«81
«81
-89
77
7%
«f9
«h?
«60
«64
«75

«74

SA0 FRANCISCO

T0

13.6
13.9
15.5
17.6
19.2
19.8
20. 4
18.8
16.3
13.5
12.6

16. 3

FPEC

208,
1%7.
159.
f7.
ta,
3.
2e
le
27.
RS.
1a5,
278.

%B .

Me.Ge

INS

Ge
N.
n.
n.
u.
Ue
Ne
Ne.
Q.
de
Ne

Ue

0.

LAT 15 S7
RMM (ol |
S31. «98
866, « 99
e80. «98
810. 9%
3169, 92
3249. « 88
.352. - 88
399, .92
a4y, - 98
S508. 1.0G?
511 . « 99
534, 938
a4, «9%

LONG 884 K2

CH

«6 6
67
«69
T4
<78
-84
«92
«95
«90
7N
«65S

77

ELEV

Cw

<90
«98
935 |
1.05 1
111 .
1.12
l.12
1.12
1.09
108 1
-« 92
33

LR 0]

ETP

11l.
108.
108.
102.

8.

83.
103.
1135.
16l1.
178,
122.
101.

117,

PD

121.
68.
84,
15.

g.
De
O.
0.
O.
lg,
i11.

17 3.

49,

ETDF

~-10.
a0.
19.
87.
98 .
89.
108.
135.
161.
160.
11 .
'72 [

69.

MAl

1'.09
«63
-81
.15
=00
‘=00
<00
-00
.00
=08
91
1.72

&5

(A4
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moisture availability index, MAI. Column headings for Table 3 are as

follows:

Column

Number Symbol
1 MO
2 ™
3 HM
4 TD
5 PREC
6 INS
7 RMM
8 CcT
9 CH
10 cw
11 ETP
12 PD
13 ETDF
14 MAI

Month of the year. o

Mean monthly temperature in C,

Mean monthly relative humidity expressed deci-
mally.

Mean monthly temperature difference in °c (mean
maximum temperature minus mean minimum temp-
erature).

Mean monthly precipitation in mm.

Insulation - monthly sunshine hours.

Monthly extraterrestrial radiation for the latitude
and mean temperature expressed as equivalent mm
of evaporation. )

A monthly temperature coefficient (equation 4a),

A monthly humidity coefficient (equation 4b).

A monthly wind coefficient based on estimated

wind (equation 4c).

Estimated potential evapotranspiration (equation 4).
Estimated dependable precipitation (equation 1).
Evapotranspiration deficit (equation 3).

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,.
ment between measured groundwater outflow and outflow from the equation

in which

Data from a watershed in Nicaragua indicate good agree-

GWO = PREC - ETA - SWR (7)

GWO = groundwater outflow pius 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 casily 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 proprsed 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 sedimentary 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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