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TOTAL VOLUME OF STORED GROUNDWATER IN THE UPPER CRETACEOUS
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TOTAL VOLUME OF STORED GROUNDWATER IN THE SANDSTONE AQUIFER COMPLEX
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TOTAL VOLUME OF STORED GROUNDWATER IN THE SHALLOW AQUIFER COMPLEX
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Sr. No.  Figure No. Title

[~ | THIESSEN Polygons

2. 2.1 MEAN ANNUAL ACTUAL EVAPTRANSPIRATION.

3 2.2 MEAN MONTHLY SOIL MOISTURE FLUCTUATION {mm.).
4. 3.1 MEAN ANNUAL WATER SURPLUS (mm).

5- 3.2 SOLL MOISTURE SURPLUS - JANUARY.

6- 33 SOIL MOISTURE SURPLUS - April.

7- 4.1 MEAN ANNUAL WATER DEFICIT (mm.}

K- 4.2 SOIL MOISTURE DEFICIT - January.

9- 4.3 SOIL MOISTURE DEFICIT - June.

10- 5.1 ENVIRONMENTAL STRESS - January.

- 5.2 ENVIRONMRNTAL STRESS - June

12- 6.1 SOIL MOISTURE DETENTION - January.

13- 6.2 SOIL MOISTURE DETENTION - June.

14- 7.1 MEAN MONTHLY RIVER DSCHARGE (MCM).
15- 7.2 RUNOFF-RAINFALL POTENTIAL.

16- 8.1 DROUGHT PARAMETERS.

17- 8.2 AGRO-CLIMATIC ZONES,

18- 9.1 TOTAL VOLUME OF STORED GROUND WATER

IN THE SHALLOW AQUIFER COMPLEX

19- 9.2 TOTAL VOLUME OF STORED GROUND WATER IN
THE SANDSTONE AQUIFER COMPLEX
(KURNUB ZARQA -DISI GROUP)

20- 9.3 TOTAL VOLUME OF STORED GROUND WATER IN

THE UPPER CRETACEOUS LIMESTON AQUIFER COMPLEX
(Ajlun - Lower BELLQA GROUP)

21- 9.4 SAULUINITY OF THE GROUND WATER

22- 10.1 PLUVIOMETRIC COEFFICIENT -~ January.
23- 10.2 ” " February.
24- 10.3 ¢ " " March.

25- 10.4 » " April.

20- 10.5 " ” November.
27- 10.6 " " December.
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Area: AQABA
Geographical co-ordinates: 29° 31N 35° 00E

Elevation: 2 m.

Water Holding Capacity: 125 mm.

Te? PE p P-PE ST AE D S RO DT

JAN 18.7 27.3 4 -233 7 10 17.3 0 0 7
FEB 18.5 26.1 38 -223 6 4.8 213 0 0 6
MAR 227 309 13.3 -176 5 14.3 166 0O 0 5
APR 21.8 32.1 79 -242 4 8.9 232 0 0 4
MAY 27.6 351 4 -3 3 5 30.1 0 0 3
JUN 31.01 348 0 -348 2 1 338 0 0 2
JUL 318 35.7 0 -357 2 0 357 0 0 2
AUG 31.9 339 0 -339 | 0 339 0 0 !
SEP 30.6 30.9 0 -309 1 0 309 0 0 1
OCT 26.8 294 0.1 -293 1 0.1 29.3 0 0 I
NOV 219 26.7 7.8 -189 1 7.8 189 0 0 t
DEC 16.9 26.7 2.6 241 1 2.6 24.1 0 0 |
YEARLY 369.6 435 -326.1 54.5 315.1
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Area: JAFR

Geographical co-ordinates: 30° 17N 36° 09E.

Elevator: 865 m.

Water Holding Capacity: 125 mm.

Tee PE P P-PE ST AE D S RO DT

JAN 9.4 27 6.6 -204 12 17.6 9.4 0 0 12
FEB 12.3 26.1 2.6 -235 10 4.5 21.5 0 0 10
MAR 16 50.9 34 -275 8 5.4 25.5 0 0 8
APR 1804 324 1.8 -306 6 38 286 O 0 6
MAY 21.04 354 1.7 2337 5 2.7 327 0 0 S
JUN 24.6 35.1 0 -35.1 4 I 34.1 0 0 4
JUL 26.1 36 0 -36 3 1 35 0 0 3
AUG 26.1 34.2 0 -342 3 0 342 0 0 3
SEP 24.2 30.9 0.1 -30.8 2 1.1 29.8 0 0 2
oCT 19.8 29.4 0.3 -29.1 2 0.3 29.1 0 0 2
NOV 13.8 26.7 7.7 -19 2 7.7 21 0 0 2
DEC 9 26.4 1.3 250 1 2.3 24.1 0 0 1
YEARLY 370.5 255 -345 47.5 375
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Area: SHOUBAK
Geographical co-ordinates: 30° 31N 35° 32E.

Elevation: 1365 m.

Water Holding Capacity: 150 mm.

Te® PE P P-PE ST AE D S RO DT
JAN 6.2 27 88 61 1069 27 0 0 0 106.9
FEB 7.6 26.1 393 13.2 120.1  26.1 0 0 0 120.1
MAR 12.1 30.9 59.6 287 34 309 0 0 0 34
APR 13.7 324 31 -1.4 34 31 14 0 0 34
MAY 14.9 354 28 <326 27 9.8 25.6 0 0 27
JUN 17 35.1 0 S350 22 5 30.1 0 0 22
JUL 18.8 36 0 -36 17 31 0 0 17
AUG 20.1 342 0 -342 14 3 31.2 0 0 14
SEP 18.2 30.9 0 <309 11 3 279 0 0 11
oCT 15 29.4 2.6 -262 9 4.6 248 0 0 9
NOV 98 26.7 20.8 -5.9 9 208 5.9 0 0 9
DEC 7.4 20.3 63.3 36.9 45.9 204 0 0 0 459
YEARLY 370.5 3074 -63.1 1926 1779
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Arca: RABBA

Guographical Co-ordinates: 31° 16N 35° 45E

Elevation 920 m

Wiater Holding Capacity: 150 mm.

Tce PE P P-PE ST AE D S RO DT
JAN 9.5 27 109.8 82.8 145.3 27 0 0 0 145.3
FEB 11.8 26.1 333 7.2 150 26.1 0 2.5 1.3 151.3
MAR 238 309 639 32,6 150 308 0 329 16.9 166.9
APR 169 324 467 143 36 324 O 0 8.5 45
MAY 204 354 0S5 -349 29 7.5 279 0O 4.2 33.2
JUN 21.3 35.1 0 35.1 23 6 29.1 0 22 25.2
JUL 234 36 0 -36 22 1 35 0 1 23
AUG 24 342 0 -342 17 5 292 0 1 18
SEP 236 309 0 -309 14 3 2719 O 0 14
OCT 26 294 21 =213 12 4.1 253 0 0 12
NOV 147 264 314 5.1 17.1 264 0 0 0 17.1
DEC 10 264 718 454 625 264 O 0 0 62.5
YEARLY 370.2  359.2 -1l 1958 -174.4 35.1 35.1




Area: AZRAQ
Geographical co-ordinates: 31° 43N 35° 09E.

Elevation: 715 m.

Water Holding Capacity: 75 mm.

Te® PE P P-PE ST AE D S RO DT

JAN 11.3 27 14.8 -122 1 14.8 122 0 0 1
FEB 13 26.1 7.6 -185 1 7.6 18.5 0 0 1
MAR 17.9 309 13.8 -17.1 | 13.8 17.1 0 0 1
APR 20.7 324 11.6 -208 1 1.6 20.8 0 0 1
MAY 23.3 354 1.2 -342 1 1.2 342 0 0 1
JUN 26.7 35.1 0 S350 1 35.1 0 0 0 1
JUL 279 36 0 -36 I 0 0 0 0 1
AUG 279 347 0 -342 1 342 0 0 0 |
SEP 27.2 309 0 -309 1 309 0 0 0 1
OCT 224 294 3.1 -263 1 294 0 0 0 I
NOV 15.7 26.4 34 -13 1 13.4 13 0 0 1
DEC 9.7 26.4 1.7 -147 1 11.7 14.7 0 0 1
YEARLY 370.2 77.2 -293 293.7  130.5
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Area: H 4

Geographical co-ordinates: 32° 30N 38° 12E

Elevation: 686 m

Water Holding Capacity: 75 mm.

Te® PE p P-PE ST AE D S Ro DT

JAN 7.7 26.7 147 -12 1 14.7 12 0 0 I
FEB 10.8 25.8 13.1 -127 1 13.1 127 0 0 |
MAR 15.9 309 13.2 -17.7 0 13.2 177 0 0 1
APR 19.7 324 11.4 -21 1 14 21 0 0 |
MAY 24.6 357 5.7 -30 | 5.7 30 0 0 1
UN 26.4 354 0 -354 1 0 354 0 0 1
JUL 28.1 363 0 -36.3 1 0 363 0 0 1
AUG 28.7 345 0 -345 | 0 345 0 0 1
SEP 25.9 309 0 -309 1 0 309 0 0 |
OCT 21.0 294 46 -248 1 4.6 24.8 0 0 1
NOV 16.1 26.4 7.6 -188 1 7.6 188 0 0 1
DEC 8.5 26.1 89 -17.2 1 8.9 172 0 0 1
YEARLY 3705 719.2 -291.3 792 2913
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Area: BAQURA
Geographical co-ordinates: 32° 37N 35° 37E.

Elevation: - 197 m.

Water Holding Capacity: 200 mm.

Te® PE P P-PE ST AE D S RO DT
JAN 13 26.7 96 69.3 179.8 267 0 0 0 179.8
FEB 15 25.8 58 32.2 200 258 0 12 6 206
MAR 17 309 110 79.1 200 309 0 79.1 6 206
APR 22 324 31 -104 199 32 0.4 0 40 239
MAY 24 357 L 34.7 167 33 2.7 0 20 187
JUN 29 354 0 -35.4 140 27 8.7 0 10 150
JUL 32 36.3 0 -36.3 116 24 123 0 5 121
AUG 31 34.5 0 -345 97 19 15.5 0 3 100
SEP 30 30.9 0 -30.9 83 14 1690 101 84.1
OCT 26 294 10 -194 76 17 124 0 0 76
NOV 32 264 28 106 77.6 264 O 0 0 71.6
DEC 14 26.1 59 329 110.5 26.1 0 0 0 110.5
YEARLY 370.5 393 +22.5 3019 689 91.1 91.1
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Area: DEIR ALLA
Geographical co-ordinates: 32 12N 35° 37E.

Elevation: 224 m
Water Holding Capacity: 250 m.

Tee PE P P-PE ST AE D S RO DT
JAN 14.8 26.7 911 64.4 1239 267 0 0 0 123.9
FEB 178 258 398 14 1379 258 0 0 0 137.9
MAR 19.9 309 59.6 28.7 166.6 309 0 0 0 166.6
APR 23.7 324 327 0.3 90 324 0 0 0 90
MAY 26.3 35.7 2.3 -334 79 13.3 224 0 0 79
JUN 306 354 007 -353 68 1107 243 0 0 68
LUL 316 363 0 -36.3 59 9 273 0 0 59
AUG 32.1 345 0 -345 Sl 8 265 0 0 51
SEP 31.5 309 0.68 -30.2 45 6.68 242 0 0 45
OCT 276 294 225 -272 4l 6.25 23.1 0 0 41
NOV 2208 264 307 4.3 453 264 0 0 0 45.3
DEC 159  26.1 40.3 14.2 59.5 26.1 0 0 0 59.5
YEARLY 370.5 2995 71 222 1479




Arca: Amman Airport

Geographical co-ordinates: 31°59N 35" SOL.

Elevation: 766 m.

Water Holding Capacity: 150 mm.

Te° PE P P-PE ST AE D S RO DT

JAN 8.7 26.7 90.6 639 89.8 26.7 0 0 0 89.8
FEB 11 25.8 39.7 13.9 103.7 258 0 0 0 103.7
MAR 15.8 309 49.4 18.5 1222 309 0 0 0 122.2
APR 17.4 32.4 36 3.6 35 324 0 0 0 35
MAY 20.1 35.7 1.9 -33.8 28 8.9 26.8 4] i} 28
JUN 244 354 0 -354 22 -6 29.4 0 0 22
JUL 24.8 36.3 0 -36.3 17 5 313 0 17

AUG 26.2 34.5 0 -345 14 3 3.5 0 0 14
SEP 24.1 30.9 0 -309 11 3 27.9 0 11
OCT 20.6 294 3.1 -26.3 9 5.1 243 0 9
NOV. 14.4 26.4 233 -3 9 253 1.1 0 0
DEC 9.3 26.1 43 16.9 259 26.1 0 0 0 259
YEARLY 370.5 287 -83.5 198.2 172.3

Abreviations:

i ¢ . Mean air emperature.

Pt mm o Potential evapotranspiration.

P mm = Precipitation

S mm . Storage.

At nun o Actual evitpotranspiration.

1> mm . Mostare.

S mm - Moisture surplus

RO mim o Water runoft

DI mm T otal moisture detention.
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APPENDIX

Water Balance Parameters of Representative Station in Jordan
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with rainfall. But a new cropping pattern based on scientific
vegetable plantation has opened a new era for the economy of
Jordan.

Because the surface water supplies are not available easily,
emphasis on use of groundwater has increased considerably. As
seen from the pattern of water consumption the deficit is very
high, and so that amount that has to be drawn from under ground
resources to meet the demand is also high. A coordination in the
use of surface and groundwater is essential to avoid waste and
ensure optimal use of water. The annual water demand indicate
the importance of a rational water resources strategy which allows
to satisfy domestic water supply in the first priority from the total
water demand. Domestic and industrial water is closely related to
a control of water quality and water pullution. There is no
significant use of water purposes other than domestic, industrial
and irrigation. The development of water resources for irrigated
agriculture, as a basic component of Jordan’s economy, is given a
high rating. There is no connection between the produced /
consumed water and the number of people supplied, as the
increase in the amount of water supplied is higher than the growth’
of population.



The analysis shows that the western hilly side of Jordan
depicts good water availability low deficiency and fair volume of
runoff. Hence from the hydrological point of view this region may
be taken to possess considerable agricultural potential where two
or three crops in a year may be raised. The eastern and southern
limits of the hilly tracts present a simearid of climate and protected
agriculture can be raised.

In Jordan, depending upon the value of agriculture produc-
tion in relation to annual average of rainfall, ali the crops have
been discussed. We have on one hand the water loving crops, and
on the other hand the adjustable crops. These crops differ also in
their capacity to stand the shortage of moisture in the root zone
which can lead to the wilting of the crops. As such, changing the
cropping pattern is important in the rational utilization of water
resources. Even though a certain part of the season or a whole
season may go dry, crops can still thrive on the basis of the reserve
water that may be available in the soils supplemented by addi-
tional irrigation.

Consideration of the cropping season of Jordan should begin
with consideration of the cropping pattern and the moisture stor-
age capacity of the soil. The effect of these factors has great
importance particularly in the choice of the crops in the non-rainy
season. It is necessary to consider the rainfall and the potential
evaportanspiration of the cropped area. Based on Thornthwaite
method, the value of potential evapotranspiration has been used as
an index of thermal efficiency and we can conclude that all Jordan
has megathermal climate.

On the basis of the agro-hydrological envionment, we have
carried out the western zone which implies a fairly low need
supplementary irrigation, while in the rest of the country, the low
rainfall necessitates a high need for supplementary irrigation. In
these regions of erratic and scanty rainfall, agriculture is a gamble
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have seen, the actual run-off was almost 50% of the total rainfall. It
was, therefore, decided to consider the actual deficit higher than
the computed deficit. The basic reason is that Thornthwaite’s
formula extremely exaggerates the potential evapotranspiration
during the rainy season. In this study, data collection poses a
serious problem especially in places where the theoretical results
are to be compared with the actual results.

In the hilly zone of Jordan, particularly in the north, thereisa
fair balance between water surplus and deficiency. Both are small,
but the region has got the advantage of the location where addi-
tional water supply from the surplus areas in Syria has been carried
out. Though both the surplus and the deficit are small, but if we
consider the annual distribution of these parameters, it is found
that the surplus period is not longer than 3-4 months. In this
season, the water supply can exceed the water needs, the excess in
water supply will go into soil moisture storage to be available to
the crops in the following season. That water which exceeds the
water holding capacity of the soil will go as runoff. Throughout
the non-rainy season the water deficit more or less remains high.

In our study, the values of potential evapotranspiration had
been used as the main parameter to determine the water need of
Jordan and to estimate the irrigation water requirements (65). We
have dealt with the drought as a period during which moisture
need exceeds the moisture supply, and we have treated the water
deficit as the difference between the potential evapotranspiration
and the actual evapotranspiration.

The anomally between the computed discharge and the actual
discharge can be explained in many ways. Though the potential
evapotranspiration may exceed precipitation there is always an
excess rain (PE) which is equal to (P-F) where P is the intensity of
rain and F is the rat of infiltration. This may cause surface runoff
as the excess rain is bound to find its way to drainage lines.



In certain cases, why for a given value of rainfall (x) the
different districts do not show the same agricultural productivity.
The most plausible answer is that rainfall is not the only determi-
nant of agricultural productivity. There are several other variables
also operating positively as well as negatively. The agricultural
productivity will be more than the average in districts where the
positive factors dominate, and also than the average where the
negative factors dominate. Thus the residual (y - y’) becomes a
very meaningful indicator which shows the nature and intensity of
operation of the factors in determining (y) other than the inde-
pendent variable alrady taken in the model.

SUMMARY OF FINDINGS AND CONCLUSIONS
The study on the whole has satisfied its basic objectives:

1. Determining the available water resources of Jordan and
assessing the hydrological potential by using the water bal-
ance technique (63).

2. Evaluation of the water resources of Jordan together with the
determination of cropping pattern and crop regime, has given
an idea about the need and possibility of irrigation.

3. Potential evapotranspiration in this study has established
itself as a tool for the determination of the water surplus and
runoft.

In the light of detailed investigation reported in this study, the
utility of water balance theory in the study of the environmental
hydrolgy has been tested (64). We find that the formula has givena
satisfactory result in case of non-availability of complete meteoro-
logical information and can be safely used.

In theoritical terms, Thornthwaite’s formula fails to deter-
mine the run-off for the southern and eastern arid zones. As we
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The slope of this regression line (b) which is also known as
regression coefficient (62), shows the estimated average change in
(y) with resect to (x).

Thus from the regression equation we can say that the rela-
tionship between agriculture productivity and rainfall is such that
a milimeter change in rainfall by and large cause an increase of x
kg. in the agricultural productivity.

The result indicates towards the fact that a great deal of
agricultural productivity in Jordan depends on rainfall.

When in a regression equation different values of x are put, we
get the corresponding estimate values of y. These estimated values
are the mean values of the given value of x. For an example,
suppose in few districts the rainfall (x) is equal, that does not mean
that there productivity (y) will also be equal. Each such district
will have different values of y. The mean of all these different
values of y would be equal to the estimated valuesy. Evenif no two
values of x are same, y maintains average position.

Hence, residual mapping has been used as a tool to identify
and regionalise the areas having negative and positive impact over
agricultural productivity (y), when the effect of rainfall (x) is
removed. With the help of these maps we can easly find out the
more effective spatial variables for further explanations of the
variations in the dependent variable y.

Because the number of observations are small, we may not get
sufficient observation in each category. Asthe number of observa-
tion increase the plus and minus residuals are expected to be
distributed equally, such that a large number of observations will
fall between O-medium negative and O-medium positive. Rela-
tively smaller number of observations will be fall in between
medium negative to high negative and medium positive to high
positive and there will be few outlines in below very high negative
and very high positive. (Fig. 12.7).
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the total fruit area. The area occupied by citrus trees estimated
about 31716 Dunoms or 7.6% of the total fruit area. Among
vegetables, Eggplant and Tomato are the main two crops intered
the crop association. All these crops accounts 58% of the total
cropped area.

When the delineation of crop regions is based on the first two
crop, (13) crop combination regions can be distinguished. It will
be seen from the figures that the crop combination regions of
Jordan become higher in number if the three crops are taken into
consideration and consequently will be higher by taken the first
four or five crops into account. (Fig. 11.2).

The cropping pattern throughout Jordan are determined by
three climatic factors, the incidence of rainfall, the relative humid-
ity and the temperature, which are controlled the sowing and
harvesting seasons. Besides, the availability of the irrigation also
helps in modifying the crop composition in Jordan Valley. Since
there is a great deal of variation in rainfall and the availability of
irrigation, there appears a mosaic of cropping pattern in Jordan
(Fig. 11.3).

RESIDUALS FROM REGRESSION OF AGRICULTURAL
PRODUCTIVITY ON RAINFALL

In order to explain the different regions of Jordan by the
Rainfall, the variables chosen are:

1. Value of agricultural production in Kg/dunun (Y).
2. Annual average rainfall of the districts in mm (X).
This conclusion may further be given as:
Y =a+ bx
é Xy- Xzgy

n
n

Where: b - -
X —( x )

I

a = y” — bxv’
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Information about cropping intensities was scarce, mostly
they are based on information for a limited area. The determina-
tion of the cropping intensity was different mainly in the area
under vegetables. Tree crops are perenial (100% intensity), while
areas under field crops were assumed to be follow in summer and
have a 100% cropping intensity during winter. Considering that in
vegetable - areas about 25 - 30% of the land is kept follow, the
maximum vegetable cropping intensity either in summer or winter
could be in the order of 75%.

Occasionally, double cropped areas have occured when trees
still young and non-baring frequently vegetables are planted in
between. When ever this was known, 50% of the area have been
allocated to vegetables and 50% to trees and the total area may
have been counted once for vegetables and once for trees. Land
under vegetables wheat rotation actually appears twice in the
computations, once under the area of field crops, and again as
under vegetables, but here with a cropping intensity of 75% in
summer only.

CROP COMBINATION REGIONS:-

The climatic water balance has imposed a sharp constraints
on the cropping pattern in Jordan. The cropping zones must take
into consideration the combinational analysis and the relative
position of the crops which can explain the impact of waier rsour-
ces availability on the crops heirachy and the economy of the
region.

The statistical approach applied in the delineation of crop
regions brings to light the important crops which inter the crops
association. It has been ascertained that according to Weaver’s
method (61), minimum deviation methods, five crop combination
regions may be recognized. (Fig. 11.1).

Wheat area estimated at 1060715 Dunoms or 62% of the total
cereal area. Olive is the second in rank in the crop combination
regions of Jordan, occupied about 242177 Dunoms or 58.4% of
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A medium - term projections assume the public irrigation
schemes in 1985 will cover about 47.000 dunums, in addition to
about 112.500 dunums under private schemes. Compared to the
present situation the area of irrigated lands would be extended by
about 75%. Accordingly the average annual water demand is
estimated to require a water production of about 730 MCM. In
line with the project and adopted assumptions, 455 MCM would
have to be diverted from river flows and about 200 MCM to be
pumped from groundwater resources, while spring flow diversions
for obvious reasons would remain in the present order of about 75
MCM. Some 350 MCM of the average annual demand of irriga-
tion water result from the development programmes for irrigated
agriculture in Jordan Valley. (Fig. 10.8).

Absence of relevant records made it difficult to estimate how
much water the different crops were receving under the conditions
prevailing in the various areas and seasons (59). Vegetables proba-
bly are irrigated with priority and at more regular intervals than
orchards trees or fields crops. For barley and wheat, irrigation is
primarily applied through flooding of the fields; usually once for
storage of soil moisture and leaching of the top - soil, and when
rainfall is normal 2 - 3 times in April / May. Orchards are irrigated
between April and November depending on the availability of
water.

CROPPING INTENSITY:-

In Jordan, the major problem was the determination of the
cropping intensities in the irrigation areas. Generally the crop
rotation includes a follow period of one or more growing seasons;
thus, only a certain percentage of the area is cultivated. In vegeta-
ble areas each year about 25 - 30% is kept follow. It depends on the
availability of irrigable land and may last for two or even three
sasons. In the vegetable wheat rotation, the wheat crop is some-
time left out for one year (0).
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It seems that 80% of all losses from irrigation would return
into the ground or surface water. this equals to roughly one third
of the gross irrigation water supply. The rest is assumed to
evaporate in adjacent areas through natural vegetation. Most of
the losses that return are caused by deep percolation of water
below the root zone. It seems that under average year conditions,
the following estimate of annual water use would have to be taken
into account for irrigation in Jordan:

From groundwater 102 MCM
From spring flows 75 MCM
From rivers 178 MCM
TOTAL 355 MCM

Related to the irrigated areas, this water use would corres-
pond with an average:

From groundwater 14,160 m’/h.
From spring flows 15,000 m*/h.
From rivers flows 8,300 m*/h.
TOTAL 37,460 m*/h.

The development of water resources for irrigated agriculture,
as a basic component of Jordan’s economy, is given a high rating.
Present irrigation schemes - both public and private - are scattered
throughout the country and cover a total areas of about 336,000
dunums (57). The average annual water use in the order of 405
MCM. Most of this volume (230 MCM) is taken from river flows,
100 MCM are pumped from groundwater and some 75 MCM
originate from spring flow diversions (58).
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suspended or inhabited. Consequently, the productivity and yield
of these crops will be affected. As a result, Olives and Grapes
plantation areas mainly concentrated in the mountainous regions
which receive at last 250 mm of annual rainfall.

IRRIGATION:-

Most of the irrigated lands are situated in areas with a mean
annual rainfall varying from 150 - 350 mm. Monthly effective
rainfall 1s balances against the monthly evapotranspiration of a
particular crop (s4). In adry year, there is hardly any rainfall in the
desert regions as well as in the southern Ghors aand southern part
of the valley. Inanormal year, rainfall varies between 50 - 100 mm
of which most was considered effective. However, this effective
rainfall is almost negligible compared with the large consumptive
water requirement in these regions. (Fig. 10 1 - 10. 6).

The northern highlands with significant irrigated agriculture
is affected by strong local variations of annual rainfall. The annual
mean values range from 250 - 300 mm at Amman / Zarqa to 600
mm at Ajlun. In this region the storage of the affective rainfall as
soil moisture was supposed to be important (5s).

The southern highlands, southern mountains and northern
Jordan valley have rainfall characteristics similar to the northern
highland. In various areas such as Zarqa, Ajlun and the southern
Ghors, it appeared that 25 - 30% of the area used for irrigated
vegetable was kept fallow, either because of water shortage or to
facilitate a second crop in winter or summer. (Fig. 10.7).

The consumptive irrigation water requirement is the differ-
ence between potential evapotranspiration and the estimated
effective rainfall. Based on these consideration, it was assumed
that the average of 70% of the net irrigation requirements is at
present supplied to irrigated crops. Some crops might get more,
but others such as trees or barley might get even less (56).
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crop production in all such areas of the country where crop
production suffers due to scarcity and / or irregular distribution of
rainfall (48). Any drop in the rainfall amount leads to reduction in
crop yields and production. In other words, the availability of
water in the right quantity and at the right time is essential for good
plant growth and yield (49). Both the amount of water as well as the
time may differ in different crop plant. Thus what may be true for
one crop not necessarily be so for other crop. When we talk of the
amount of water, our concern is both the shortage as well as the
excess (50). However more often we come across situations when
water supply is short of the need in Jordan (s1),itis only during the
rainy season that there may be excess water. A general picture is
that reduction in rainfall amount leads to reduction and finally
stopping of the synthetic processes. On the other hand, the
degradative processes become relatively more active (52).

Accordingly, the area under cereal crops have been controlled
by the amount of rainfall since these crops mostly rainfall crops.
In wheat and barley, deficiency of water is known to reduce
tillering and the fertility of spikes. When these crops were grown
under normal water - stressed conditions, there was reduction of
yield to varying degrees. In the north, we had the maximum
stability in yield and production. Barley also showed greater
stability in yield and production where the water stressed condi-
tions increased. Itis apparent that the productivity of these crops
is higher in the areas of more than 250 mm of rainfall (s3).

The relationship of growth of olives and grapes with time is
normally sigmoid in nature. The initial growth rate is slow but
once a few leaves have emerged they start photosynthesizing and
contributing to the development of more leaves and branches.
Accordingly, the evapotranspiration demand increases. The root
go deeper and draw moisture from the lower regions. Depending
upon the time when rainfall is in short supply, the crop may enter
the state in which cell division and cell growth would be either
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3. 20 1/c¢/d in the large cities and towns as households needs.

4. 30 1/c/d in the other towns and communities with the
assumption that large quantities of water will be used for
watering gardens.

WATER POLLUTION:-

The importance of the water quality and of water pollution
controls is increasing steadily in present water resources develop-
ment. The results of population growth and industrial develop-
ment are reflected in the deteriorating water quality of the
previously unaffected raw water resources (47). In some areas of
Jordan such as the Amman / Zerqa region, the situation can be
considered as alarming and joint efforts should be recommended
to prevent it from becoming worse.

The analysis of water samples taken from Yarmouk Riverand
East Bank Wadis do not indicate any significant pollution. The
surface water is suitable for drinking purpose. The water of the
Jordan River is not usable of the salinity of the return flow from
the irrigated area. A heavy content of trace elements in the
samples taken from the Zarqa River indicates pollution from
chemical and domestic effluents especially at Awajan bridge
downstream of the industrial area of Ruseifah. Extremely high
contents of manganese, iron and lead. This applies mainly to
periods with a low base flow in the dry season.

The analysis of the samples from the Dead Sea east shore
wadis indicate a relatively high total dissolved solids content,
although it is below maximum permissible level. The salinity of
water samples from Wadi Hasa and Wadi Mujib could be
explained by the salinity of the springs in these areas.

WATER AND AGRICULTURE:-

Rainfall is one of the most important inputs in an assured
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related to the annual flood volumes.

Yarmouk River 0.3%
Lower Zarga River 1.0%
Wadi Wala, Upper Zarga River 1.0%
Wadi Mujib, Wadi Dhuliel 1.5%
Southern Riftside catchment 2.5%
Wadi Sawaga, W. Jordan, Upper Hasa 2.5%
Jordan Riftside catchment 3.0%
Small “flash flood” catchments >3.0%

The total sediment transport has to be taken into account
with regard to the storage capacities of reservoirs in the river basin
(46). The potential sedimentation will be reflected in the opera-
tional conditions and the lifetime of the reservoirs.

WASTE WATER:-

The waste water of the domestic and industrial consumers is
that portion of the water supply which is discharged into sewers or
individual waste water disposal units. The remainder is used up to
satisfy miscellaneous household, commercial, municipal and
industrial needs. In Jordan, where disposal through sanitary
sewage systems is not common practice, the determination of the
waste water quantities for consideration in the water balances
should be based on the assumption that these quantities will
remain in the terrestrial water circulation either as groundwater or
as surface water. The feasibility of their further usage should be
determined individually for each particular community or large
industrial consumers, considering the specific conditions.

It has been assumed that the following portion of the munici-
pal water consumption are used up:

1. 10% of the technical water losses.

2. 50% of the consumption of commerce and small industries.
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SEDIMENTATION :-

The available sediment record provide information for only a
limited number of catchment areas. Some of them represent
corditions which seems to be characteristics for many of the
ungaged areas in Jordan.

In Yarmouk River, it appears that suspended local
concentration generally remain insignificant (1%) even during
most of the flood flow stages. Occasionally larger concentration
were observed (2% - 5%) presumbly effected by heavy local storm
rainfall in part of the catchment. There is no significant sediment
transport during the dry season.

In Zarqga River Basin, it seem to provide a comparative
information on the effects of rather different catchment
characteristics. They refer to sub-catchments in the upper hill
region (Wadi Abdoun, Wadi Um ed Dananeer) to the Wadi
Dhuliel area bordering the desert region, and they indicate the
development of suspended sediment local along the course of the
Zarga River.

In Jordan River side wadis, few data are available from the
east bank wadis joining the Jordan river. They are results of
random samples, they cannot be taken as a fully representative
information on sediment discharge during flood flows.

There are a large number of records on sediment loads at the
gaging stations of the Wadi Mujib and Wadi Hasa River Basins.
These basins represent the hydrological and catchment character-
stics of a significant part of the Jordan territory along the east
bank of the Dead Sea and the Wadi Araba Valley. Dry season
flows are small or non - existent, and flash floods are the typical
form of runoff in the rainy season.

The following percentage rates of annual sediment volumes
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1990. The calculation of the actual water consumption has been
made separately for the following groups of water supply system:

1. City of Amman.

2. City of Zarqa.

3. Other towns supplied by their own system.
4. Water supply corporations system.

5. Unpiped supplies.

The result are always given as average values and they are
defined as “Water quantities produced™.

For a better analysis of water utilization, a breakdown of the
total water quantities produced has been made, the main
components being as follows:

1. Domestic use.

2. Use by commerce and small industries.

3. Industrial use from public network in the cities of Amman
& Zarqa.

4. Water losses and / or quantities uncounted for.

Accordingly, the increase of water consumption does not
follow the increase of the water production. There is no
connection between the produced / consumed water and the
number of people supplied, as the increase in the amount of water
supplied is higher than the growth of the population.

The municipal water supply system in koperation are
supplied by groundwater which is pumped either from deep wells
or from springs, and in small cases stored in small reservoirs.

The volume of water uncounted fori.e. the difference between
the quantities produced and those billed, amount to about 50% in
the city of Amman, about 35% in the towns operating their own
water supply system and between 20% - 30% in water suply
corporation’s grouped system with an average of 28%.
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The total production in 1980 on the base of information from
the water supply authorities can be divided between the consumer
groups as follows:

Cities and Towns 229 MCM
Small Communities 5.8 MCM
Various other consumers 1.7 MCM
Industry 10.0 MCM
Population not connected

to piped system 5.3 MCM

Therefore, about 28.7 MCM of water was supplied to a
population of about 1.55 million by mean of piped water supply
system.

Where the unpiped supply consumers are concerned, it has
been assumed that they use water from both ground and surface
water sources.

Two classes of industries can be distinguished with respect to
water supply:

1. Industries supplied by public networks.
2. Industries operating their own raw water supplies.

The first are mostly small enterprises with negligible water
consumption while the second are important industries such as
phosphate mines, a cement factory, textiles factories, a refinery,
etc. which require large quantities of water for the technological
processes. They normally operate deep wells in the vicinity of the
works.

In view of the limited capacity of the raw water sources under
operation and the rapid increase of population in the country,
several projects for development of new sources are under way,
most of them being part of the National Development Plan 1986 -
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There is no significant use of water purposes other domestic /
industrial water supply and irrigation. The hydro - power plans
envisaged at the KING TALA DAM and at the projected Magarin
reservoir will presumably be operated in coordination with the
priorities and water requirements of irrigation and domestic water
supply schemes.

WATER SUPPLY SYSTEM :-

In Jordan, all communities have been divided into two
groups; those are connected to piped water supply system and
those without supply (45). The first group has been subdivided
into:

1. Cities and large towns such as Amman, Zarqa, Irbid &
Agaba.

2. Communities with a population of 50,000 - 3,000 inhabitants.

3. Communities with less than 3,000 inhabitants.

The water supply by the piped system originates mainly from
groundwater sources such as deep wells or springs. Based on the
data, the communities with a piped supply have been classified in
the appropriate consumer groups, and the number of people
served in each area has been established up to 1980:-

Communities Total population Population Served: by
NO % Piped % Un-
piped %
More than
100,000 3 910 47 910 100 - 0
100,000-10,000 | 14 269 13 250 93 19 7
10,000-3,000 71 305 16 142.7 47 162.3 53
less than
3,000 712 468 24 239 52 229 48
TOTAL 800 1,952 100 1541.7 80 410 20




Consideration of hydropower potentials is of secondary
importance and aspects related to water use for navigation do not
exist. However long - term plans may have to take account of
water requirements for the maintenance of adequate water quality
and minimum flows in river courses of areas which require particu-
lar standards of environmental protetion. At present situation
(1984), the annual water production-primarilly from groundwater
resources for the water supply of communities and industries is in
the order of about 190 MCM. Related to the population number,
this figure proves the considerable deficiencies, particularly in the
existing systems for domestic water supply. Assuming proper
water supply conditions, the potential present water demand
would require a water production of about 200 MCM / year.

Corresponding to the pattern of the population density, the
Amman - Zarqa area requires about 65% of the annual water
production. The supply gap, in the most of the areas are obvious
and have been identified as objectives of major concern for the
allocation of water resources and for the implementation of water
supply projects. The annual water demand indicate the impor-
tance of a well - coordinated water resources strategy which allows
to satisfy domestic water supply in the first priority from the total
water demand to about 190 MCM / year. The previous figures for
water demand for domestic and industrial purposes reflect the
present low standard of the domestic water supply. Domestic and
industrial water is closely related to a control of water quality and
water pollution. Data on the quality of the stream flows are scarce
and still inconsistent, but they indicate the particular pollution
hazards resulting from uncontrolled waste water discharges and
waste deposits along the river courses at major communities and
industrial centres. In Amman, there is hardly any treatment of
sewage. Returnflows of treated sewage contribute significantly to
the very necessary maintenance of acceptable water quality in the
river courses, and they are to be considsered as potential future
water resources in addition to the natural annual water resources.
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east. However, within these regions of overall highly mineralized
groundwater, an acceptable water quality still exist (42).

Increasing salinity due to induced pumpage of salt water
underlying fresh groundwater is mainly a problem of groundwater
management. Also, the alkalization and salinization of the
groundwater caused by infiltration of irrigation losses (leaching
requirements) is a man-made deterioration of groundwater which
cannot be avoided to a certain extent if agricultural production is
to be improved (43). Therefore, groundwater abstration for irriga-
tion purposes should be located upstream of the irrigated area and
extensive irrigation should be planned upstream of existing
groundwater use for public water supply.

The most dangerous effects on groundwater quality derive
from human settlements and related activities coused by sinkholes
and cesspools of houses and even hospitals, reverse wells used by
factories to deliver toxic waste water into the underground, tank
leakages of petrol stations, surface waste water infilirating into the
aquifer. Under confined conditions, no restrictions are necessary
at the ground surface, only the use of wells for toxic waste water
infiltration is to be prohibited. In the vicinity of springs or wells,
stronger regulations are needed than in the recharge areas as a
whole, large communities are to be connected to sewage plants and
cesspools of private houses are to be strictly prohibited within an
area where the groundwater flow takes less than 50 days to reach
the spring or the wells protected. ’

PRIORITY FOR WATER USE :-

The formulation of strategies for the allocation of the water
resources may be confronted with the problem to set priorities for
the use of water if the available resources are limited.

Water use and demand in the Jordan result dominantly from
the requirements of domestic and industrial water supply and from
irrigation agriculture (44).



seasonal decline in the summer due to irrigation abstractions and a
recovery in the winter, which does not come up to the former water
level, thus forming a steplike decline.

Chemical Analysis:-

Most of the groundwater samples of Jordan are of the Ca
bicarbonatetype, with increasing salinity, Sodium and Magene-
sium become the dominant cations, and cloride the main anion.
Sulphate content is generally low except in the Jordan Valley and
Wadi Araba where the evaporite sediments of the Lisan marl
contribute to the groundwater salinity. Due to the Ca bicarbonate
content, the alkalinity hazard remains low even if the salinity
hazard is considerable high (41). Only the areas of Jafr and parts of
the Jordan Valley that affected by recycled irrigation water have a
higher alkalinity hazard. (Fig. 9.4).

The suitability of the groundwater for agriculture can be
shown by the total salinity. in this matter, Jordan consists of four
regions of good water quality in terms of salinity.:

1. The mountain regions of Ajlun - Amman in the north.
2. Karak - Ras en Nagb in the south.

3. The extreme north extending from the Syrian Jebel Druze
southwards to the Azraq and Wadi Dhuleil regions.

4. The extreme south extending northwards from the Um Sahm
mountains to the Qa’Disi - mudawwara region.

These regions are identical or closely connected with the main
recharge areas of Jordan.

The regions of poor groundwater quality are the central axis
of th Jordan Valley and the Wadi Araba in the West, the whole
eastern region except the extreme north and south, and a connec-
tion between these regions, extending from the Dead Sea to the
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northwest of Amman. At a Surface elevation between 600 and 675
m above sea level, the valley floor extends in a southwest to
northeast direction at a length of 8 km and a width of about 3 km_;
Due to its fertile soil, the area is extensively used for agriculture,
the low rainfall rate (400 mm per year as average), indicates the
need for irrigation. The high population density makes exploita-
tion of groundwater resources necessary for the water supply.
Groundwater can be found in layers of sand. Sandstone and
dolomite belonging to the lower Kurnub Group and the Zarqa
Group (). This lower groundwater body is tapped by numerous
wells in the area. More than 3 MCM/year is pumped from these
wells for irrigation and drinking purposes. Water quality is good
(mostly less than 700 ppm TDS), but increasing salinity seems to
occur at greater depths. The water level is between 120 and 150m
below surface in most of the wells. There are some wells where the
water level encountered during the drilling was different than after
the pump tests, pumpage of loose sand and a decrease in yield
occured at some wells due to improper well design. Some wells
have a low yield due to the small thickness of the water-bearing
sandy layers.

The Sama Sdud area extends in almost triangular shape north
of Mafraq between the railway line Mafrag-Dera’a and the Syrian
border. The main topographic features is the valley of the Wadi
Dhuleil which drains from the south and southeast to the north,
but only sporadically during occasional floods. The area lies east
of the region where regular rain-fed agriculture is possible. It
receives less than 150 mm per year rainfall. The prospering
agricultural activity is due to high-yield wells in a narrow strip
along the main wadi. Population density is low, but there is an
international cooperation project for industrial settlement at the
border with Syria. This will create an increase in demand for
water, in addition to the needs of agriculture. Groundwater
exploitation started in the early sixties after first productive wells
had been drilled. Water level measurements in the area show a
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MCM/a of the groundwater inflow is thought to be evaporated
from the salt (the Azraq playa) and its environs. The groundwater
is brackish in some areas due to the salt deposits within the plava.

The squifer at Qatrana is a part of the Amman-Wadi Sir
system. The static water level is go to 100m below the surface. In
some parts of the area the overlying sediments are permeable
enough that surface water can infiltrate to the groundwater table.
50% of the area under irrigation is underlain by marls and shales.
In the rest of the irrigated area, it is assumed that 30% of the
irrigation water recharges back to the groundwater (3s).

In the Shoubak-Ras en Naqgab area acquifer is a part of
Amman-Wadi Sir formation. A groundwater divide, on a line
through Shoubak, Wadi Musa and Ras en Naqab, separates the
area of investigation from the Wadi Arabs in the west. Several
flexures and faults extending from north to south govern the
groundwater flow, the recharge area is in the western part.

The groundwater contour lines are considerably influenced
by the flexures and faults. Generally, the water flow is to the east.
Only at Wadi Musa and north of Skoubak is the groundwater flow
influenced by outflow westward to Wadi Araba.

In Qa’ Disi-upper Wadi Yutm area, the thickness of the
sandstone group varies from 400m in the Qa’ Disi area up to
1000m to the east, the aquifer is unconfined in the western part; the
system is confined in the eastern part by the overlying Khreim and
Balga groups.

The depth to the water table varies greatly due to the large
variations in the topography. In the large flat areas around Qa’
Disi and near Mudawwara, the depth to the water table is about
80m or less (39).

The Baq’a region is a relatively flat depression some 15 km
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western highlands and the eastern desert, the water quality nor-
mally is still acceptable, and the groundwater is not too deep below
the surface. The only problem is the relatively low permeability of
the aquifer and the small gradient of the groundwater, resulting in
a very small amount of groundwater flow. Thus, if the ground-
water resources is exploited, most of the water pumped will be
taken from storage, and only after along period of groundwater
mining, spring or base flow in the riftside wadis will be reduced.

In Wadi Dhuliel area, there is little natural recharge from the
ground surface into the aquifer. The exploitation of groundwater
in this area has increased over the years (37). A total withdrawal of
22 MCM/a, was estimated for 1972. The estimation for 1976 was
30 MCM/a or more. ’

The available groundwater resources in the Amman - Zarga
area are estimated to be about 20 MCM/year. As the estimated
amount of natural recharge in the area is 25 MCM/year, the
amount is considered to be extractable even if there is no artificial
or induced recharge. Any return to groundwater would increase
the outflow of the area rather than the technically exploitable
amount of water.

In Azraq Basin, the aquifer system is composed of plateau
basalt overlying carbonate rock in the north, chert-limestone in
the west chalk in the south and coars clastics in the east. The
aquifers are shallow and the groundwater is unconfined except in
the Azraq playa area, the thickness of the saturation zone of the
aquifer ranges from 60m on the center of the basin to zero at the
boundaries. The aquifer system from a closed basin and in
recharged mainly by underflow from the north through the
basalts from the Jebel Druze (2.6 MCM/a) and by rain water
infitration (8§ MCM/a) within the area. There are groundwater
discharge at springs in the Shishan area (11.3 MCM/a), the Druze
area (2.6 MCM 3a) and at seeps (4.5 MCM/a. The balance of 12
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Jordan possesses significant groundwater resources of good
quality. Due to the mechanism of the water circuit, groundwater
resources having a great annual replenishement are of good qual-
ity in terms of natural salinity also. Groundwater stored in deep
aquifers flowing slowly or nearly stagnant with low recharge rates
is usually unsuitable for water supply or irrigation purposes.

Nearly all of groundwater resources of Jordan are found in
hard - rock aquifers where the water moves in fissures and joints.
Because of the low porosity of these aquifers, the velocity of the
groundwater flow is high and the purifying and absorbent activity
of the acquifer is low. (Fig. 9.1 -9.3).

In the western highlands, the total groundwater budget is met
almost entirely by discharge from springs from aquifers of the
Ajlun series. In the southern part of the Jordan Valley, the Wadi
Dhuleil and Sama Soud area, they show the strong response of the
water table level to the seasonal variation of pumpage for irriga-
tion. Conversely in the Karama area, the large decline of the water
level has showed down or even stopped. In the Wadi Dhuleil and
in Sama area, the water level continues to fall each year; the water
table rises during winter, but does not reach the level of the
previous year, in dictating that the groundwater recharge to the
areas by infiltration or underground inflow does not come up to
the amount removed. In other regions distant from groundwater
abstraction, water level remains constant with time, apart from
small fluctuations due to meteorological effects (36).

In some regions it is quite obvious that the groundwater
potential has decreased during the past few years. Water level
declines in observation wells in the southern Jordan Valley, Sama
Sdud and Dhuleil area, since all the water flowing underground is
part of the total water circuit, a decision has to be made about how
the water resources are to be used in all regions where important
groundwater abstractions take place or are planned.

In most of the areas lie in the transaction zone between the
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water from precipitation and runoff which is part of the mean
annual groundwater budget, and moves downward in an uncon-
fiend aquifer and reapear at the surface in the discharge area.

2. Return flow of used water,

- Irrigation losses into the aquifer.
- Waste-water infiltration.

3. Artificial recharge of surface water,

- Dam losses into the aquifer.
- Additional recharge by flood spreading or other methods.

Artificial reacharge is rare.

4. Subsurface in flow other aquifers or areas. In some subareas,
spring discharge measurements are considered to comprise
nearly the total groundwater discharge.

The sum of the mean spring discharge of these areas equals
the total recharge if there is no positive or negative under flow and
if evapotranspiration and pumped discharged from short-term
groundwater are zero (34).

The general equation for the groundwater balance can be
written as follows (3s) : Recharge + Import + Change of storage =
Discharge + Export.

The most important part of the total groundwater discharge
in area is the water reapearing as surface flow in the area. The sum
of this estimated amount and the base flow discharge is called the
total natural base flow.

Thus surface water and groundwater resources are identical
to a certain extent and may not simply be added. Accordingly, the
base flow or spring flow as well in the list of water resources used
for planning purposes is considered to belong to the surface water
resources only. The term of available groundwater resourcesis the
part of the technically exploitable resources of an area which is
thought to be abstractable and usable without medium and short -
term dangerous affects.
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neighbouring states in the north through two of its major rivers
and through infiltration in the high rainfall areas of northern hills
which finds its way into the plains of Jordan.

Particular attentioin was paid to a realistic interpretation of
the relationship between groundwater exploitation and base flow
discharge in the river cources (33). On the average, from the total
amount of annual groundwater recharge in Jordan of about 580
MCM, some 250 MCM seem to be available as annual ground-
water resources, in addition to the streamflow and the stored
groundwater. The volume of stored groundwater is estimated to
be in the order of about 12000 MCM . Locally, water retained in
depths greater than 150m below groundwater may prove to be
exploitable additionally for specific purposes.

Ultimately the recharge of groundwater in Jordan equals the
sum of discharging quantities. The total discharge of a ground-
water can be subdivided as follow:

1. Discharge into surface runoff (base flow),
- Spring discharge (measured).
- Spring discharge and seeps (unmeasured).

The base flow measured at the gauging stations includes the
total discharge of springs an seeps.

2. Pumped discharge from wells:

- Withdrawals from aquifers which are directly connected
with discharge springs (short term groundwater).

- With drawals from aquifers which are distantly connected
with there discharge (long term groundwater).

The recharge into groundwater can be subdivided as follows:
1. Natural recharge, from the surface.

- Direct recharge based on precipitation.
- Direct recharge from surface runoff into aquifer.

Long term mean annual natural recharge is the amount of
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In the Wadi Araba North Region, all the perennial base flows
which originate from Springs and groundwater discharge in the
major rift side catchments apparently are used at present. Most of
them serve local small scale irrigation schemes. It is to be noted
that the Population Centres of this area are primarilly located in
the upper regions of the riftside catchments. The major communi-
ties are connected to water supply schemes which import water
from resources outside the area.

The Wadi Araba south/Wadi Yutum region, does hardly
avail of water resources. Accordingly, the present water use is
small (less than 3 MCM/year) and concentrated in the Aqaba
Area, which is supplied through mining of every limited ground-
water resources stored in the lower Wadi Yutum region.

The southern desert and Jafr Basin (32) indicate some surplus’
of annual water resources, groundwater primarilly. More signifi-
cant regarding future development, however are the stored
groundwater resources.

In Azraq Basin, almost 1700 MCM of stored groundwater,
there seems to be surplus of about 40 MCM of annual resources,
they include some 12 MCM of flood flows, which presumably are
not directly exploitable.

The area of Wadi Sirhan Basin and Wadi Hammad Basinare
without any importance regarding water resources and water use.

GROUNDWATER RESOURCES:-

Groundwater assumes great importance in areas where the
drainage frequency is less and the number of perennial streams is
small. Jordan has a few rivers, which even if harnessed, can
irrigate only a limited part of Jordan. The rest of the country has
to depend on groundwater resources. It must be mentioned that
whether surface water or groundwater, the ultimate source of both
is rainfall. In the event of scarcity of rainfall, the groundwater
potential could be as precarious as the surface water. Fortunately,
Jordan not withstanding low rainfall, receives water from the
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are primarily originating from uncontrolled floods. Additionally,
some 6 MCM have been estimated as unused groundwater flow.

The comparative review identifies the Zarqa River Basinasa
region which requires particular attention. The greater Amman -
Zarqa area is the center of domestic and industrial water use in
Jordan. A part from flood flows, the available annual water
resources are used to a large extent throughout the river basin.
Locally (Wadi Dhuliel area), the water production result from a
considerable mining of stored groundwater resources. The Dead
Sea Riftside Wadis outlines the northern catchments (north of the
Wadi Mujib gorge) as a region with a considerable surplus water.
These are dominantly base flows originating from springs and
discharge of groundwater. The present water use in the area is
small compared to the resources. This can be attributed to the
difficult topographic exploitation of the flows. Taking spring
flows with quality constraints out of consideration, some 18 MCM
of the surface flows (including floods) and about 3 MCM of the
groundwater are estimated as the present water resources in the
northern catchments.

In the southern subareas the situation is different. There isa
significant water use in irrigation areas. Groundwater is hardly
being exploited. The computations (31) indicate a surplus of about
‘8> MCM of surface flow and it does not seem that these surplus
resources can fully be considered for future development.

The wadi Mujib Basin is a major surplus area. Less than 10
MCM are at present exploited for purposes of domestic water
supply and irrigation, while the average annual surface water flow
is estimated to be in the order of 78 MCM, in addition to consider-
able groundwater resources which include more than 1100 MCM
of groundwater stored in the region.

Wadi Hasa Basin allows a conclusion similar to that drawn
for Wadi Mujib Basin. The estimated annual water resources,
compared to their present utilization indicate that more than 30
MCM are still available for development and annual use.
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Particular attention was paid to a realistic interpretation of
the relationship between the existing system of drainage basins and
river catchments. The Yarmouk Area is the most important region
of potential water resources for Jordan. Considering the rights of
other water users in Syria and the Yarmouk Triangle and the
estimated present diversion (Approx. 125 MCM) of irrigation
water for the Jordan Valley, on the average, some 200 MCM of
annual surface flows are still available for exploitation;
additionally at least some 98 MCM of local groundwater flow and
some 600 MCM of stored groundwater. As regard the rights of
water users outside Jordan, no final information could be
obtained. The Present water use (7.7 MCM) in the Yarmouk Area
is small compared to the resources. Present water requirements
could be fully satisfied through an improved exploitation of the
considserable groundwater resources in the area.

The situation in the Jordan Valley is completely different.
Apart from some 120 MCM of ground water with acceptable
quality the water resources of the valley region are not suitable for
exploitation. Some irrigation schemes, covering about 14,300
hectares of agricultural lands in the valley, depend almost entirely
on water directed from the adjacent areas (Yarmouk Basin, Rift-
side Wadis and Zarqa River Basin). Practically, all the present
water use in the Jordan Valley is related to irrigtion.

The northern riftsidse wadis show a considerable surplus of
water resources. On the average, some 40 MCM annually could be
exploited in addition to the estimated present water use. About 14
MCM of these excess resources originate from the surface flow of
the Wadi Arab Catchment, and about 4 MCM could certainly be
controlled through a more coordinated operation of the Zeglab
Reservoir. Some 7 MCM are related to a potential ground water
exploitation along the foot hill areas.

The surplus of water resources in the southern riftside wadis is
small. It appears, however that surface flows not used at present
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eastern plateau, it varies from 12°c in the west to 8°c in the east.
The rainfall occurs mostly in winter and the heaviest period
recorded in December and January (27). There are two main
seasons in Jordan; Summer extend from May to September, and
Winter season which extend from November to April, the Summer
season is dry and hot, while the Winter is mild and rainy.

Usually the hydrological water year extend from October to
December, and it varies in various regions of Jordan. Rainfall
records seem to explain a decreasing trend in rainfall amount in the
last years. The cumulative departure from mean rainfall shows a
certain tendency to return to the mean (28).

The pattern of the hydrological areas was developed from the
existing system of drainage basins and river catchments (29). The
pattern of hydrological areas turned out to be an adequate base for
the comparative review of resources and demands. Assuming
average annual rainfall condition (30), the Jordan catchments
(including the Syrian area of the Yarmouk River basin) would
receive a rainfall volume of about 8,065 MCM. About 75% or
6000 MCM of this annual rainfall can be related to Jordanian
territory. The corresponding total annual streamflow of about 880
MCM is small compared to the rainfall volume and characteristics
for the particular conditions of the surface water resources in
Jordan. Its to be noted that 400 MCM of annual streamflow are to
be attributed to the resources in the Yarmouk River at Adasiya.
They originate primarily from catchments in Syria. Thus only 480
MCM can be considered as annual resources of the streams in
Jordan. The analysis indicate that considerable parts of these
flows result from groundwater discharge rather than from direct
rainfall runoff during the annual rainy season between November
and May. No consideration was given to the flows in the Jordan
River. The estimates of potential annual streamflow reflect the
general tendency of decreasing resources, when comparing the
catchment from the north to the south of Jordan.



excess rainfall exceeds the water holding capacity of the soil, the
surplus water will go into the runoff. This is the only season in
which water storage and water surplus occurs. However, the south
and eastern parts remain deficit areas throughout the rainy season,
though the water deficit decreases. Rainy months vary from 3 4
months in high mountains of Ajlun and Balqa, to 2 -3 month in the
Jordan Valley, which it is only 1 - 2 months in the southern and
eastern desert. The two main rainy months are December and
January. Springisa soil moisture utilization season and there is no
surplus, but moisture deficit occurs.

SUMMER SEASON:-

This is the dry season negligible soil moisture, low actual
evapotranspiration and high water deficit. Itextendsfrom May to
September approximately.

SURFACE WATER RESOURCES:-

Out of 89,411 sq.km, the area of Jordan, about 80% belongs
to the arid zone, with desert basins of restricted drainage. This
area can be divided into four topographic unit:

1.Rift Valley.

2. Eastern Hills.

3. Eastern Plateau.
4. Southern Desert.

Accordingly, most of the weather elements constituting the
climate lend themselves to description of west - east trends, the
climate range from Mediterranean to desert. Only the rift valley
and eastern hills belong to the semi - arid climate.

The mean temperature in the dry season varies from 28°c in
the west to 32°c in the east. In the wet season, the average
temperature rises in the Jordan Valley and falls towards the
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occur in the non rainy season, the water deficit is the result of
rainfall variability and irrigularity. The climatic water
balance shows water surplus in the rainy month and low
water deficit in the following months as well as substantial
run-off rate. Here agriculture should be supported by
irrigation if necessary in the needs of the individual yearsand
crops. It should be adjustable irrigation.

2. The Jordan Valley, has the driest climate and experienced
water deficit in different degrees, it increased towards the
south. Here agriculture should be supported by substantial
and if possible by Perennial Irrigation.

3. The arid zone in the east and the south. This region
experienced water deficit in high degrees. Water deficit is the
result of the low rainfall and high evapotranspiration. The
climate water balance shows no surplus in any season. Here
agriculture in some pockets should be supported by perennial
irrigation based on groundwater resources.

Water balance parameters for Jordan shows a uniform
drought pattern over the country, and this indicate that the water
deficit is the dominant. But how large the water deficit is? Since the
aridity index for the country is above 20, Jordan should be
considerd a large water deficit region.

After considering the Potential Evapotranspiration and
Actual Evapotranspiration (26) values for every month, it was
possible to trace two main seasons:

WINTER SEASON:

In general this season spreads from November to April. In
this season the rainfall can exceed potential evapotranspiration.
The excess in rainfall will go into soil moisture storage and it will
be available to the crops in the following months. In case the

—2]—



According to moisture regime, large areas of the country are
semi - arid and the southern and eastern parts are classified asarid
zone. The negative values of the moisture index are found all over
Jordan with the exception of a few stations in the north.

The moisture index (25) is used to delimit the moisture regions
of Jordan, and is detremined by whether the water deficiencies and
surplus are large, moderate or small.

1. The arid climate occurs in a large areas of the country, where
the values of moisture index are higher than (66.7) and the
values of the aridity are higher than (60), while the value of
the humidity index is zero.

2. The semi-arid climate occurs in the rest of the country where
the values of moisture index ranges from 33.3t0 66.7,and the
aridity index varies from 40-60. The humidity for this region
is less than 16.7.

3. Dry sub-humid climate occurs in eastern hilly tracts of
Jordan. The values of moisture index are between 0 to -33.3,
while the aridity index is below 60 and above 20, which is still
classified under the large water deficit region according to
Thornthwaite’s classification. The humidity index varies
from 16.7 - 33.3, and it is considered as a region of moderate
water surplus.

Moisture sub-humid climate occurs in small area in the north
where the values of moisture index ranges between 0-20, while the
aridity index is below 20. The humidity index is above 33.3. (Fig.
8.1).

Consequently, Jordan can be divided into three agroclimatic
zones: (Fig. 8.2).

1. In the high mountains of Ajlun and Balga, the water deficit
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DROUGHT PARAMETERS:-

Thornthwaite’s formula has been equipped with a number of
ratios and indices to use in climatic classification (21). The mois-
ture ratio is used to obtain the relative humidity and aridity.
Humidity and aridity indices are used in determining the climatic
type of Jordan.

The humidity index is a ratio between water surplus and water
need, and the aridity index is a ratio between water deficit and the
water need. Both the retios expressed in terms of percentage:

Ih =100 S/PE.
La =100 D/PE.

Where ITh = is a humidity index.

S = Surplus.

PE = Potential Evapotranspiration.
Ia = Aridity index.

D = Deficit.

In the event of total absence of rainfall all the time, the aridity
index will be 100%, but for the humidity index to become 100%,
the water supply must be twice that of the water need, and the
water surplus should be equal to PE. Because water supply and the
water need are based on different climatic parameters and
independent of each other, the water surplus does not equal to
water need.

The water surplus of one month may prevent water deficiency
in the other month. Thornthwaite, (1948), emphasized that six
inches of water surplus in one season will compensate for ten
inches of deficiency in another. That’s why he considered the ratio
of the humidity index higher than the aridity index.
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workable basis for estimating the influence by agriculture and
urbanization on soil water related.

Soil water detention are of particular interest to farmers who
practise irrigation or systematic soil moisture conservation. Soil
salinization may have a natural origin influenced by high ground-
water tables, but it can be produced artifically by irrigation. (Fig.
6.1-6.2)

STREAM FLOW:-

The volume of rainfall over the country is computed by
multiplying each station’s rainfall by its area. Accordingly the
total volume of rainfall has been estimated at 12129.4 mcm. Out of
this, the runoff is of the order of 880 mcm. It is to be noted that
large portion of this runoff are to be attributed to the resources in
the Yarmouk River at Adasiya. They originate primarily from
catchments in Syria, and the analysis indicate that considerable
parts of these flows result from ground water discharge rather than
from direct rainfall runoff, during the annual rainy season between
November and May. The estimated potential annual stream flow
reflect the general tendency of decreasing resources, when com-
parting the catchments from the north to the south of Jordan. (Fig.
7.1)

In the northern areas, the computed difference between rain-
fall and stream flow correspond to about 20% of the calculated
potential evapotranspiration. Higher values refer for Wadi Umm
ed Dananeer and Wadi Abdoun, where the percentages reach 28%
and 25% respectively, the groundwater recharge seems to be high.
The lowest values refer to the southern desert regions, where only
two percent of the annual potential evapotranspiration seem to be
satisfied by the available precipitation. It should be further consi-
dered that the calculated surface flow in these areas is most likely
percolating to the ground water. (Fig. 7.2)
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icant for soil moisture storage, percolation, and infiltration -
runoff characteristics.

2. The stage of weathering of geological deposits and the extent
of decay of organic matter help to determine basic soil features
such as clay content, humus content, clay mineralogical composi-
tion and depth of soil formation.

All these influence the soil moisture detention. The increase
of plant available from coarse to fine textured soils is very well
shown in the following table (23):

Soil texture Permeability Total pore Apparent Moisture at [ Moisture at
mm/hour space (%) specific field capa- permanent

gravity city {vol- wilting
(g/cm3) ume %) (volume %)

Sandy 25-250 3242 1.55-1.8 9-22 3-11

Sandy loam 12-25 4047 1.4-1.6 14.29 6-13

Loam 8-20 4349 1.35-1.5 24-39 11-18

Clay loam 2-15 47-51 1.3-14 30-43 14-21

Silty clay 2-5 49-53 1.25-1.35 3447 16-23

Clay 1-10 51-55 1.2-1.3 37-51 18-25

3. Topographic features as a landscape are usually indicate
on general soil maps by contour lines. From this and the system of
surface water flow, the drainage pattern and slope position of soils
can be interpreted. It is normally safe to conclude that soils on
hillslopes are less deeply developed and contain less fine material
than those in low-laying land, and any drainage impediment is
more likely to occur in the lowland area.

4. Finally, the effects of land use and improvement have to
be considered. Land use maps combined with soil maps provide a
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and 400 mm in Naur to a maximum of 1800 mm in Ghor Safi and
1600 mm in Agaba (Fig. 4.1)

After considering the potential evapotranspiration values for
every month, it was possible to trace the following pattern of water
deficit. From November, when the rainfall starts, the zero line of
water deficit moves towards the east. In January, this line moves
further towards the east and divides the country into the western
deficit free zone and the eastern deficit zone. In April, the zero line
moves again towards the west and there is no surplus, but moisture
deficit in various degrees occurs. May to October are dry months
with negligible soil moisture, low actual evapotranspiration and
higher water deficit. (Fig. 4.2 - 4.3)

WATER STRESS:-

The water stress is the differences between the income from
rainfall and the expenditure from potential evapotranspiration (22)
which shows the parts of the country which has a positive values on
a monthly base. The positive values (P-PE) in the western part
indicates the amount of excess water available during the con-
cerned period for soil moisture recharge and runoff. The negative
values indicates the amount by which the rainfall short of the
supply to the potential water needs of the crops. In summer
months, the crops reach the peak consumptive stage, and the water
stress is the lowest, so the additional source of moisture will be
from dew. But in the arid zone in the east and south the dew
formation is negligible and has no contribution to soil moisture
where the water stress increase. (Fig. 5.1 - 5.2)

WATER DETENTION:-

The following factors are relevant for studies of the water
detained in the soil:-

1. Both parent material and geomorphology of the site are signif-
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The comparison of seasonal march of rainfall and potential
evapotranspiration shows that the rainfall is greater than potential
evapotranspiration from December to March in the north, and
there is a fair balance between the water surplus and deficiency,
both are small, but the area has got the advantage of location
where a good amount of water resources originate primarily from
catchments in Syria. Towards the south and the east the rainfall
never exceeds the potential evapotranspiration and the deficit
become higher with absence of any type of soil moisture recharge.

WATER SURPLUS :-

Most of the country has no water surplus. A small area of
winter water surplus is found in the mountains of Ajlun and Balga.
The areas of more than 500 mm of rainfall are the areas of 200 mm
water surplus which is mainly a few pockets in the nort of the
country. (Fig. 3.1).

There is no prolonged water surplus period in Jordan and is
confined to a few months extending from January to April and
covers a limited areas. The first surplus is noticed in the month of
January when the Northern hilly tracts receive the early rains in
excess of the potential evapotranspiration. There after, there isa
progressive shifts of zero line of water surplus, towards the east, in
these months, the excess in rain will go into soil moisture storage
and it will be available to the crops in the following months. In the
case of excess rainfall exceeds the water holding capacity of the
soil, the surplus water will go into runoff which mainly concen-
trated in small pockets in the western zone of the country. Summer
months are a soil moisture utilization season and there is no
surplus but moisture deficit occurs. (Fig. 3.2 - 3.3).

WATER DEFICIT:-

Annual moisture deficit Varies from 350 mm in Ras Muneif



needed for evapotranspiration or storage in the soil, is ultimately
lost as runoff. This is not immediate for it takes some time for the
water to move down to the groundwater table and through the soil
to emerge again in surface streams or rivers. The rate of runoff is
higher in the northern hilly zone of the country depends on the size
of the water shed, its slope and the type of the soil in this region
which the water must move (20). It is assume that 50% of the
surplus water available in any month is actually is lost by runoff,
while the remaining 50% is held over and added to available
surplus in the next month. Surplus and Run off are totalling the
same amount on an average annual but the monthly distribution
of each of them is different. (Fig. 2.3).

DEW AS A SOURCE OF MOISTURE :-

Dew formation is considered as an additional moisture source
for winter crops in Jordan. In January the crops in the rabi tracts
reach the peak consumptive stage (21), and the water stress (P-PE)
is the lowest in this month, so the additional source of moisture
will be from dew which ranges from 0.5 - 0.7 mm. But in the arid
zone of south and east Jordan,dew formation is negligible and has
no contribution to soil moisture where the water stress increase.

SEASONAL VARIATIONS OF WATER BALANCE
PARAMETERS:-

POTENTIAL EVAPOTRANSPIRATION:-

In July the monthly potential evapotranspirtion reaches
about 800 mm in the southern desert where as in the north the
monthly values does not exceed 350 mm. As it is illustrated,
average PE in Jordan is less than 50 mm in the mountainous
regions. It increases to more than 70 mm in the southern parts to
reach 300 mm in the Badia. The average annual PE varies from
2000 mm to 4600 mm.



through evapotranspiration under the optimal conditions of soil
moisture and vegetation where the water supply is unlimited. It
indicates the optimal water need for irrigation and it is considered
a varying factor which varies from region to region depending on
the factors to the region that influences evaporation and transpira-
tion (16). It is independent of rainfall and can be equal, higher or
lesser than the rainfall. This is because that the factors controlling
the PE are not the same for rainfall.

PE equals the AE in the period when rainfall is greater or
equal to PE. The difference between PE and AE during certain
period is an indicator of how much of water supply is necescary to
facilitate normal growth to prevent drought (17). In Jordan asa
normal condition, AE never exceeds PE but it falls considerably
below it due to shortage of water supply in the soil. Precipitation is
greater than PE from December - March, and this period decreases
by going towards the south and reaches only 2 - 3 months from
Dec. to Feb. Again this period decreased rapidly by going towards
the east and the south - east where the rainfall never exceeds the PE

(18). (Fig. 2.1)

In the period of higher rainfall than the PE, the soil remains at
field capacity, and some water is added to surplus. In Jordan,
April is the first month in which the rapid rise of PE which exceeds
the supply of water from rainfall, and the rainfall has failed to
supply the water needs (19). Some of this need is supplied by the
water stored in the upper layer of the soil, but ultimately this
amount of water is not supplied by rainfall. Asthesoil dries, water
is not available from the upper soil layers and nothing is removed
from the soil to help supply the need. This is, therefore, the water
deficit which is the highest in June, July and August all over the
country. (Fig. 2.2).

In general, the surplus water, that moisture over what is
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10. Moisture deficit, which is the difference between actual
evapotranspiration and potential evapotranspiration.

11. Moisture surplus, which is any excess rainfall after the
soil moisture storage reaches the water holding capacity.

12.  Water run off which is considered as 50% of the surplus
water, and the other 50% is detained on the water - shed and made
available for run off during the next month (14).

13. Moisture detention is total water stored within the soil.

The hydrological characteristics of Jordan are delimited by
the above paremeters. The most useful aspect of these parameters
is that no data other than temperature and rainfall are required.
Since these are more readily available data than the river dis-
charge. The water yield in the country has been computed by
taking the mean annual values of different water balance parame-
ters :

P =AE+S (1)
D =PE-AE (2
AE =PE-D (3)
S =P-(PE-D)@®)
RO =S/2 (5)
Where p = Precipitation (income).

AE = Actual evapotranspiration.

S = Surplus.
D = Deficit.
PE = Potential evaptranspiration (expenditure).
RO = Runoff.

WATER BALANCE PARAMETERS:-

Potential evapotranspiration is the main parameter to deter-
mine the water need of the country. It is the water loss from an
extensive, closed cover of the homogeneous vegetation that never
suffers from a lack of water (15). It is the maximum loss of water
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The basic procedures in computation of the water balance of
Jordan is to work out the following steps (10):

1. The heat index (i) correspond to mean monthly
temperature.

2. Unadjusted potential evapotranspirations using the
necessary Thornthwaite’s tables.

3. Adjusted potential evapotranspiration (11) its the adjust-
ment of the daily values of potential evaporation for month and
day length by multiplying the proper correction factor (12).

4. Rainfall: The mean monthly values of rainfall for the
stations based on 50 years data are considered and the average
depth of rainfall over the area is calculated according to the
Theissen’s method (13). This method is a means of weighing the
precipitation at gauge in proportion to their representative areas.
Each gauge is assumed to represent all points closer to it than any
other gauge. A Thiessen network is constructed for the country by
locating the stations on the map and drawing the perpendicular
bisectors to the liens connecting the station. The polygons thus
formed around each station are the boundries of the affective area
assumed to be controlled by the station. The volume of rainfall
over the stations is computed by multiplying each station’s rainfall
by its area. (Fg. 1).

5. Rainfall minus potential evapotranspiration to determine
the periods of moisture excess and deficiency.

6. Accumulated potential water loss gives an estimate of the
moisture stored in the soil at the end of the negative period, (P-PE).

7. Soil moisture storage, obtained from the tables available.

8. Change in soil moisture storage, which shows the differ-
ence in the amount of soil moisture storage from one month to the
next.

9. Actual evapotranspiration is the real or the measured
amount of evapotranspiration at any time.
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mating potential evapotranspirations (7). This relations is based
on three parameters:

1. Mean temperature.
2. Length of the day.
3. The latitude of the place.

The computation of potential evapotranspiration by
Thornthwaite was a means of showing the income from rainfall
and its distribution through evapotranspiration and runoff, the
reserve which is the storage in the soil, the water deficit and the
water surplus in the process of running off. The input data used for
computing the water balance of Jordan are:

1. Mean monthly temperature.

2. Mean monthly rainfall.

3. Information on the water holding capacity of the depth of
soil, and

4. Necessary conversion and computational tables.

A large number of stations have no recorded temperature
data, and adjustment calculations are made to get the mean,
monthly and annual temperature for the concerned stations. The
precipitation data are available for all the stations under study, as
published by the Jordan Meteorological Department. For com-
puting the water holding capacity of the soils of the country, two
different factors have been considered:

1. The soil type and texture.
2. The vegetation grown on the surface.

The relation between the above two factors is the depth of the
root zone. Measurements of the water holding capacity of the soils
in Jordan are not available for many places, and the estimating of
water holding capacity had been done from indirect evidence of
the natural vegetation (8), and soil maps (9).

The tables for use in the computation of the water balance
have been prepared for value of water holding capacity varies from
75 - 250 mm.
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INTRODUCTION

When talking about Jordan, [ have in mind the two circles in
which one should be active, these are water and agriculture. In this
regard, the rate of development is very important. It’snotenough
to say that Jordan is doing better than the others. What has been
done in these fields have to be adjusted to suit the great changes
that are overwhelming this area, geographically, geopolitically
and geoeconomically. While talking about Jordan also, [ have in
mind the river, the kingpin, which determine the climate, the soil
and the very atmosphere of all thisarea. A round have sprung up
over the centuries, great culture, relegion and empires.

Indeed, water as a relatively scarce resources, (1) many prob-
lems surround its exploitation or supply, the reconciliation of local
values with national needs, the desirability of working out overall
strategy rather than a series of short-term policies, and the organi-
zational and psychological constraints in securing adequate future
amount (2). The longterm organizational barrier to a national
approach to the exploitation of Jordan’s water resources was the
existence of several water supply undertaking. The psychological
barrier is to be found in the public’s unwillingness to bear the real
coast of a level of water consumption. In Jordan, the local versus
national clash of interest derives from spatial dichotomy between
the supply and demand for water (3). The conflict between local
and wider interest and between short and long-term solutions may
be highlighted from the north of the country.

METHODOLOGY

The main climatic constraints in crops regime is potential
evapotranspiration (4) which represent the water need. It defines
the degree of moisture or dryness of climate in which crops are
raised. Thornthwaite (5) gaven an empirical relations (s) for esti-
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ABSTRACT

The rainfall availability and optimal use of water have always been important to agriculture,
particularly in areas which are deficient in water. Among the many countries in the Middle East,
Jordan is one which has sizable part of its land under arid and semi arid conditions and the farmers
have to adjust the crop pattern and regime to suit the water availability conditions.

The present paper attempts of an appreciation of the actual water availability and the possible
adjustment of crops to these conditions, to understand the conditions of water availability, water
balance approach has been adopted. After a thorough review of available literature it was found
that basically the Thornthwaite’s formulas of book keeping procedures are satisfactory and fit very
well within the Frame-work of the water balance approach. Therefore, it was chosen in this study
for the determination of water surplus, water deficit, soil moisture detention, water run off and
environmental stress. Almost, every process occurring in plants is affected by the water balance
parameters which have a great impact upon the environment.

The study has basically two main objectives; to determine the available water resources of
jordan by applying a physically and theoretically valid technique which were universally applicable,
then to probe into the current cropping pattern and to examine through an evaluation of its water
resources, the agro-hydrological environment.
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