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Abstract

Water budget is one of the most important components of hydrological
cycle within earth atmosphere system. It can be applied to any part of
Earth’s surface. Water budget technique can provide us with useful
information about actual evapotranspiration, water surplus, deficit and
changes in soil water storage or availability of soil moisture. This budget
gives knowledge of the volume of input and output of water. In this paper a
simple water budget is applied to the land area of West_Bank-Palestine. It
makes use of monthly and yearly values of meteorological data, as well as
variables like precipitation, temperature, evapotranspiration and heat index,
along with values of latitude and daylight. The paper also presents results of
the twenty-two years period, 1975-1997. It seems that these results conform
to the known climate features of the period in this area.

Keywords and phrases: water budget, precipitation, evapotranspiration,
surplus, deficit, field capacity, wilting point.
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1. Introduction

Water budget can be established for any area of Earth’s surface by
calculating the inputs and outputs of water. The pioneer geographer Charles
Warren Thornthwaite (1899-1963) was the first who used water budget
concept in the climatological studies in 1948 to develop a new climatic
classification system. (Thornthwaite, C. W., 1948) He worked with his team
to develop a water-budget approach for water resource analysis. He and his
team related the water-budget concepts to various geographical problems,
especially to assess water needs for irrigation and timing. (Thornthwaite, C.
W., 1955) Thornthwaite also developed methods for estimating evaporation
and transpiration from a variety of groundcovers and surfaces, and he
identified the relationship between a given supply of water and the local
demand as an important climatic element. (Christopherson, Robert W.,
1992) Water budget may be undertaken on a range of time steps including
annual, monthly or daily. (Martens, Daniel M., 2001) Soil moisture can be
estimated using climatological data and simple water budget applet or
mode] based on rainfall data and estimated evapotranspiration (PE). (Heine,
R. W., 1984; Jense, M. E., 1990) Measurments of soil moisture content
availability is very useful for providing detailed temporal of moisture
availability at a range of time scales. However, a considerable number of
measurements are needed for this data to be useful in differentiating spatial
patterns of moisture availability at the local or regional scale. (Barringer, J.
and Lilburne, L., 1999)

2. Purposes and Scope

The purposes and scopes of the present study are as follows: (a) to
describe the various ways in which water supply is expended; (b) to present
the long-term average water supply and demand conditions for some areas
in West Bank: Jenin, Tulkarm, Nablus, Jerusalem, Jericho and Hebron; (c)
to estimate monthly and annual soil water surplus and deficit using the
Thornthwaite water budget methodology and calculating applet (Sabaev,
M., 1997) for each area; (d) to show the interaction of various components
of water-budget.

The research presented here is based upon a general water budget that
has been derived for the purpose of estimating and calculating spatial
variations in the monthly values for each component of the water budget.
Given the extensive research completed on precipitation (P), this paper
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concentrates primarily on evapotranspiration and changes in soil moisture
storage over the period 1975-1997.

3. Description of Study Area
The study unit includes Jenin, Tulkarm, Nablus, Jeruasalem, Jericho and
Hebron (Fig. 1), all of which are areas in West Bank-Palestine.
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Fig. (1) West Bank ( Study Area).
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West Bank, territory lies in southwestern Asia, bounded on the north,
west, and south by occupied Palestine and on the east by Jordan. It is
located on the western bank of the Jordan River in the northeast, and on a
portion of the Dead Sea in the southeast. The West Bank covers about 5860
sq km. (Microsoft Encarta, Encyclopedia, 2000) Landscape of the study area
is hilly. The steppe gradually rises from west to east to form a mountainous
upland area with an average altitude of 600 meters (m) and having several
peaks higher than 1000 m. The transition to the Jordan Rift Valley, east of
the uplands is sharp, with land altitude falling from 600 m above sea level to
200 to 400 m below sea level over a distance of about 15 km. The climate of
much of the area is typically Mediterranean, with mild rainy winters and
hot, dry summer; the eastern and southern parts are much drier. (U.S.
National Academy of Science, 1999) Rain falls in the study area from
October to April. Most of the study area receives in average about 520
millimeters (mm) of rainfall per year. The study area’s highest rainfall -
those of more than 600 mm falls in an area of highlands in the middle of the
study area. The lowest rainfall falls in the eastern part of the study area
especially in Jericho, 156 mm, which locates in the Jordan Rift Valley. Soils
in the study area tend to be shallow and stony, especially in the upland
limestone areas, and suitable for pasture and non-mechanized farming.
Alluvial soils in the larger valleys are more suitable for agriculture. (U.S.
National Academy of Science, 1999) The study area has approximately 2
million inhabitants, with varying proportions in urban centers and practicing
a variety of activities.

4. Data and Methodology

The water budget is implemented using meteorological data (precipitation
and temperatures) for the period from January 1975 to December 1997.
These data for the period used to comprise all the months of the year
whether rainy or dry for some areas in West Bank. The Palestine Climate
Data Handbook and World Weather Information Service (WWIS) (only for
Jerusalem) amply provides precipitation and temperature data in six selected
stations located in: Jenin, Tulkarm, Nablus, Jerusalem, Jericho and Hebron,
(Palestinian National Authority, 1998; WWIS, 2003)

Research on evapotranspiration (PE) in many parts of the world has
attempted to extend spatially PE measurements by employing estimation
methods that rely on generally available data for meteorological variables
that are correlated with PE. Typically, these variables include temperature,
daylight duration, solar insolation, wind speed and relative humidity. In this
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article, evapotranspiration (PE) was calculated using a form of
Thornthwaite’s equation, which considers air temperature, heat index and
daylight. Based on these variables, PE was calculated. The formulas of PE,
are expressed as: (Huang, J. and others, 1996)

PE, = [%@—J 1)

where T is mean surface air temperature per month i (°C) and I is the heat
index defined in Equation (2) below. The exponent a in Equation (1) is a
function of the heat index (I).

§ = i (T‘ Is)l,sﬂ {2)
i-1

a=6Tx107F - 7711077 + L.79% 10771+ 649  (3)

Monthly estimates of potential evapotranspiration calculated with Equation
(1) need to be adjusted for day length because 30-day a month and 12-hour
per day were assumed when this relationship was developed. The adjusted
potential evaporation accounting for month length and daylight duration is
given by:

APE, = PE [@/30)p/12)] @)

Where APE is in (mm/month), d is length of the month in days, and h is the
duration of daylight in hours on the fifieenth day of the month. C++
programs, created by Eng. Hassan Akram Al — Hallag , have been used to
compute PE (according to Thornthwaite’s equation) and duration of
daylight.

5. Components and Concepts of the Water Budget Equation

The purpose of the water budget is to describe the various ways in which
the water supply is expended. To understand Thornthwaite’s water budget
methodology, concept and accounting procedures, which is still a very
useful technique to understand roughly the water affairs, (Te Kung, H,
2003), we need to know the various components, terms and concepts in the
simple water budget equation, (5): (Christopherson, Robert W., 1992)

P=FE-D)+8xA8T (5
Supply = (Demand - Shortage} + Oversupply +Soil moisture or recharge
AL Gheing) vuapotznspiration)
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Where:

« P means precipitation in the form of rain makes up the primarily supply of
water to the soil. “The moisture supply” ‘

» PE is the potential evapotranspiration. It is the amount that would be
withdrawn from the soil water and vegetation if the moisture were
available, (Broper, I, 2001) and return to the atmosphere. Evapo-
transpiration is the sum of evaporation and transpiration. “The moisture
demand” (Wanielista, M. P., 1990)

» D is the deficit. A soil moisture deficit occurs when the demand for water
exceed that which is actually available. In other words, deficits occur
when PE exceeds actual evapotranspiration (AE) and soil is being
depleted. “The moisture shortage(Critchfield, J. Howard, 1974)

+ 8 is the surplus. Surplus occurs when P exceeds PE and the soil is at its
field capacity (saturated). “The moisture oversupply” Surplus, also, is
precipitation or water, which does not evaporate or remain in soil storage
and includes both surface and sub-surface rumoff._(Maidment, David R.
and others, 1997; Reed, Seann M., 1997)

» A ST is the change in soil moisture storage (ST). ST means the amount of
water held in the soil at any particular time. Thornthwaite assumed soil
moisture has storage capacity of 100 mm (4 inches) of water, When P>PE,
moisture fill up in soil first then excess water gets into surplus. When
PE>P, soil starts dry out first. (Te Kung, H, 2003) The Change in soil
moisture storage is the amount of water that is being recharged to or
utilized from what is stored. “The moisture saving”

« AK is the actual evapotranspiration. It is the amount of water delivered to
the air from evaporation and transpiration. It is derived from PE — D, “The
actual satisfied demand’ Actual evapotranspiration _(AE) is not directly
measured but is usually calculated from measurements of PE, P and
estimates of the maximum useful quantity of water stored in the soil.

6. Results and Discussion:

Using all of these concepts, we can apply the water budget equation to
specific stations in West Bank.
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6.1 Jemin:

Table (1) presents the long-term average water supply and demand
conditions for the area of Jenin in north of West Bank. Jenin port is at 32°
28' N, 35° 18' E, with an elevation of 138 m, and has maintained weather
records for 22 years. The monthly values in Table (1) assume that
precipitation (P) and potential evapotranspiration (PE) are evenly distributed
throughout each month, smoothing out actual daily and hourly conditions.

By comparing P with PE on a per-month basis to determine whether
there is a net supply (+) or net demand (-) for water, we can see that Jenin
experiences a net supply from January through March and from November
to December. However, the warm days and months from April through
‘October result in net demand for water. Assuming a soil moisture storage
capacity of 100 mm, those months of net demand for moisture are satisfied
through soil moisture utilization.

Table (1) P — PE for Jenin. (mm)*

an Fe =
4

: PE

Net Supply (+)

Or Demand (-}

* Source: by author,

Table (2) presents the annual water budget for Jenin, and Figure (2)
graphs the water budget components of these same monthly averages. The
following discussion elaborates on both this table and graph.

Table (2) shows that soil moisture estimates are at field capacity (FC)
through March, with the excess supply-crediting surplus (S) each month. In
April the net demand is — 60 mm, most of which is withdrawn from soil
moisture storage, bringing soil moisture capacity down to 40 mm at the end
of April. In May the net demand is -108 mm and the soil moisture capacity
down to 0 mm at the end of May. The other 68 mm of net demand appears
as deficit (D); that amount remains in the soil, reflecting the increasing
inefficiency as soil moisture drops below field capacity.

From May through October, the actual evapotranspiration (AE) is
progressively less than the optimum PE, and high deficits continue to be
recorded. By the end of May shallow-rooted soil moisture is near the wilting
point. (WP}
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Table (2) Water budget for Jenin. (mm)*

Mon. | Jan { Feb | Mar | Apr | May | Jun | Jul

P
PE

180

Surpius

Soil Moistura
Utilization

160

40 -

ST Solt Molsture

) Recharge
120 ‘
Deficit

100

i)

40

20

Fig. (2) Average monthly water budget for Jenin. (mm)
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From June through October shallow-rooted moisture is at wiliing point.
During November, however, 7 mm of net suppiy is generated and is credited
as soil moisture recharge. Recharge occurs again in December, bringing the
soil moisture near the field capacity by the end of the year, with no surplus.
In January the soil moisture back up to field capacity, with a surplus of 81
mm estimated for this month. The Jenin water budget equation for the year
and for the months 1s isolated in Table (3) to show the interaction of these
various components. (Compare with Table 2)

'EabEe (3) Annuaﬁ amd Monthly water hudgets i‘mr Hemn (mm)"

Annual
Jdan
Feb
Mar

W o~ 00
DR S

Apr

May
Jun
Jul
Aug
Sep
Cet
Nov
Dec

o o @ o o @ o o ©

So , auto e T—————

6.2 Tulkarm:

Tulkarm lies in the north-west of West Bank, close to the Green Line,
(32° 20" N 34° 51' E), with an elevation of 65 m. Table (4) shows the long-
term average water supply and demand conditions for the area of Tulkarm.
Like Jenin, it is clear that Tulkarm experiences a net supply from January
through March and from November to December. The warm periods from
April to October result in net demands for water.

Table (5) presents the annual water budget for Tulkarm, and Figure (3)
graphs the water budget components of these same monthly averages. The
following discussion explains in both this table and graph.
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Table (4) P — PE for Tulkarm. (mm)*

Months Jan | Feb | Mar | Apr | May

P
PE
Net Supply (+}
Il Or Demand -}

Soe: . auor
Table (5) Water budget for Tulkarm. (mm)*

Mon. | Jan | Feb ;| Mar | Apr | May | Jun | Jul

ce: hauor. T
We shall budgeting procedure at the end of a dry season when soil
moisture storage is at its lowest, and the P begins to replenish the soil

moisture, called soil moisture recharge, in November. At the beginning of
the month, the soil is considered dry, as the storage in October is equal zero.

During November 90 mm of rainfaill on the earth surface, as P. PE
requires 50 mm. P therefore satisfies the need for water with 40 mm of
water left over. The excess 40 mm of water is put into storage (A ST = 40)
bringing the amount in storage to 40 mm. AE is equal to PE, as November is
a wet month. There is no D during this month as the soil now has some
water in it and no S, as it has not reached its water FC.

During December, P far exceeds PE. All of the excess water is added to
the existing soil moisture. ST becomes 100 mm and the soil moisture
reaches to FC in December. Any excess water that falls on the surface will
likely generate S.
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Fig, (3) Average monthly water budget for Tulkarm. (mm)

Similar conditions occur for the months of January, February and March.
All of these months are wet, and the soil remains at its FC so; all excess
water becomes S water.

In April, temperatures have increased to the point where evaporation is
proceeding quite rapidly and plants are requiring more water to keep them
healthy. As a result, PE is approaching its maximum value. P, however, is
falling off in value. During April P-PE is —45 mm. This means that P no
longer is able to meet the demand of PE. In order to meet the needs for
water, plants must extract some of the water that is stored in_the soil from
the previous months. The 45 mm is taken ot of storage reducing its value to
55 mm.

The month of April is considered dry (P<PE) and so AE is now equal to
P plus the absolute value of A ST and AE is equal to PE. This means that P
and what was extracted from storage was able to meet the needs demanded
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by PE during the month April. As a result of this scenario, no surplus can be
observed in this month. Furthermore, the soil moisture storage has dropped
below its FC. There is still no D as water remains in storage.

By the time May ends, water held in storage is down to 0 mm and the soil
moisture reached to WP. This condition is continuous from June through
October. These months are dry. PE still exceeds P and the differences are
-87, -122, -145, -148, -117, and ~71 mm respectively. In these months,
there has not been enough water from P and what is in storage to meet the
demands of PE. The amounts in storage fall to 0 mm and the soil is dried
out. The unmet need for water shows up as soil moisture deficit.

The Tulkarm water budget equation for the year and for the months is
isolated in Table (6) to show the interaction of the various components. It is
apparent that 300 mm of the total of P (49.8%) forms a surplus. This means
that about a half of P is lost by AE,

Table (6) Annual ané Monthly water budgets for Tulkarm (mm)*

Annual

3

Jan
Feb
Mar

v oo
= o

Apr
May
Jun
Jut
Aug

Sep
Qet

L - B - B = .~ B =

Nov

Dec

S ]
]

Source: by author,
6.3:Nablus

Nablus is located to the south of Jenin in the north of West bank,(32° 13
N 35° 16' E), with an elevation of 533 m. Table (7) illustrates the average
water supply and demand conditions for the area of Nablus. It is apparent
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that Nablus experiences a net supply from January through March and from
November o December, whiie the nei demand periods for waier appear
from April to October owing to warm periods, decreasing rainfall and dry
periods.

Table (7) P — PE for Nablus, (mm)*

Months Jan Feb Mar | Apr May
P
PE

Net Supply (+}
i Or Demand ()

* Source: by author.

Table (8) shows the annual water budget for Nablus, and the average
monthly water budget is shown in Figure (4). They clearly show that, on
average, P receipt is sufficient to meet water need from December to March.

Table (8) Water budget for Nablus. (mm)*

Mon. Jan | Feb | Mar | Apr | May | Jun | Jul

* Source: by author.

P amounts are greatest {over 100 mm) in this period when PE is less;
consequently this is when the largest surpluses are generated. During the
period from April to November, PE exhibits a symmefrical pattern with
maximum values of 136 mm occurring in July. It is in the months of April
to October that PE exceeds P and water is drawn from storage
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Fig. (4) Average monthly water budget for Nablus. (mm)

However, AE in these months is still less than PE so that a large D occurs.
This withdrawal is quickly replaced by the end of November during which P
exceeds PE for Nablus. From December onwards the S generated increases
with each month, for example, in January and February, 123 mm and 126
mm of the 141 mm and 147 mm of P is S respectively (87.2% and 85.7%).
The annual values for P, PE and 8 are 661 mm, 878 mm and 367 mm, which
compare favorably with those quoted earlier. Table (8) shows the annual P
expended in AE, which form about 44.5% of total P.

The annual and months water budget equation for Nablus is isolated in
Table (9) to show the interaction of the various components, It is apparent
that 367 mm of the total of P (55.5%) forms a surplus. This means that less
than a half of P is lost by AE.
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Table (9) Annual and Monthly water budgets for Nablus. (mm)*

P ®E - D+ ]

‘Annuat oL = @18 - 588  + 367 & 0

Jan e = (s - 6 o+ 13 = o}

Feb 41 o=@t - 0B o+ 126 =% ol
(36

(63
= (9% - +
(117 - +
(136 - 136) +
(131 - 13D +
(108 - 106) +
Oct 21 = (84 - 63) +
(5
@3

May

it

Jun

g

G

Jul 0
0

2

H
[l

il

]

Aug

S
<

#

Sep

OOOOC’OOO

¥
f=3

* Source: by author.
6.4:Jerusalem:

P amounts are greatest (over 100 mm) in this period when PE is less;
consequently this is when the largest surpluses are generated. During the
period from April to November, PE exhibits a symmetrical pattern with
maximum values of 136 mm occurring in July. It is in the months of April
to October that PE exceeds P and water is drawn from storage

Table (10) presents the average water supply and demand conditions for
the area of Jerusalem. It is clear that the net supply periods occur from
January through March, while the net demand periods for water appear from
April to October. The warm and dry periods from April to October result in
net demands for water.

Table (11) presents the annual water budget for Jerusalem, and Figure (5)
graphs the water budget components of these same monthly averages.
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Table (10) P PE for .}‘erusalem. (mm)*

P

PE

Dot Supply (+3

Or Desmand ()

* Source: by author.

Table (11) Water budget for Jerusalem. (mm)*

* Source: by author,

Table (11) illustrates that soil moisture estimates are at FC through
March, with the excess supply crediting S each month, In April -39 mm, net
demand, is withdrawn from soil moisture, consequently the soil moisture
capacity down to 61 mm at the end of April, and it didn’t appear any D in
this month. In May the net demand is —95 mm, most of which is withdrawn
from soil moisture storage, bringing soil moisture capacity down to zero at
the end of that month. The other 34 mm of net demand appears as D; and
the soil moisture storage down to zero at the end of May.

From June to October AE is less than PE, and high D continues to be
record. April and May feature soil moisture utilization of ~39 mm and —61
mm, so that by the end of May shallow rooted soil moisture is at WP, This
case continues through October.
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Fig. (5) Average monthly water budget for Jerusalem. (mm)

In November 17 mm of net supply is generated and is credited as soil
moisture recharge. Recharge occurs in November and December, bringing
the soil moisture backs up to near FC by the end of the year, with no S.

The annual and months water budget equation for Jerusalem is isolated in
Table (12) to show the interaction of the various components. It is apparent

that about a half of the total of P forms surplus. This means that other half is
lost by AE

6.5 Jericho (Ariha) :

Jericho (4riha), area in the West Bank, located in the Jordan Rift, north
of the Dead Sea and west of the Jordan River. (31° 52' N 35° 27" E) Jericho
is the world's oldest known city, dating back to ca. 8000 B.C., (Omi, E. and
Efrat, E., 1976) and is famous in biblical history. Located about 260 m
below sea level, Jericho is one of the lowest cities in the world. Its climate is
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hot, dry in summer and mild in winter. Table (13) presents the average
water supply and demand conditions for the area of Jericho.

Table (12) Annual and Monthly water budgets for Jerusalem. (mm)*
554

133
118

o
s

f o o o o © © © o o

* Soc: | by atho. o
Table (13) P ~ PE for Jeriche. (mm)*
M!‘hs T Jan eb . l Apr ) .l'

r
PE
Met Supply ﬂ)

j| Or Demand (-)

* Source: by author,

The net supply periods occur in two months, January and February, where
the P exceeds the PE, but the net demand periods for water appear from
March through December. '

Table (14) shows the annual water budget for Jericho, and the average
monthly water budget is shown in Figure (6). The water budget values for
Jericho indicate an average annual P total of 156 mm. Although in winter
AE reaches the potential amount, in summer it falls well.
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Table (14) Water budget for Jericho. (mm)*

Mon. Jan Jun | Jul

"* Source: by author.

250
1 E Soll Moisture Utliization

v
[ - B >SN ~ B SR - B - )
§ & § & 2§ 3 35 & & ¢

[ P ot PE emm AE |

Fig. (6) Average monthly water budget for Jericho. (mm)

In January and February, P exceeds the PE, but from May through
December there is water D. Starting in March, when PE surpasses P, soil
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moisture from below the ground is used in evaporation. Most of it is drawn
up through the roots of plants and evaporates from their leaves. This is
shown in the table by value of 19 mm. The 19 mm is taken out of storage
reducing its value to 81 mm. This process continues until the end of April
where the water held in storage is down to mere 7 mm. There is still no D as
water remains in storage. The D starts in May and continues until the end of
December. When P once more exceeds PE and the stock of available soil
water is recharged. During this time, in January and February, surplus is
plentiful from Jericho’s winter storm.

Table (15) shows the interaction of the various components of water budget
for Jericho. It is clear that 25 mm of the total of P (16%) forms a surplus.
This means that 84% of P is lost by AE.

Table (15) Annual and Monthly water budgets for Jericho, (mm)*

S + AST|

P = (PE - D) +

Annual 156 = (1304 -  1073) + 25 - 100
Jan 36 = (18 - o + 18 * 0
Feb 31 = (4 - O o+ 1 o« 0]
Mar 25 (44 03 + 0 19 §
Apr 10 (84 )] + 0 74 §
May 2 (145 136) + 0 - 7}
Jun 0 (193 193) + 0 * 0}
Jut 0 (224 224) 4+ 0 & 0
Aug 0 (214 21+ 0 & o
Sep 0 (169 169 9+ 0 0]
Oct 7 (113 106) + 0 = 0}
Nov 22 {52 30) + 0 + 0 |
Dec 23 o - Do+ 0 o+ o)

* Source: by author.

6.6 Hebron (4! Khalil) :

Hebron (4 Khalil), area in the south West Bank. It lies in a mountainous
region near Jerusalem (31° 32' N 35° 06' E), and is situated at an altitude of
930 m above sea level.
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Table (16) shows the average water supply and demand conditions for the
area of Hebron. Ii is apparent that Hebron has a net supply from Jaiuary
through March and from November to December, while the net demand
periods for water appear from April to October owing to warm periods,

decreasing rainfall volume and dry periods.

Table (16) P — PE for Hebron. (mm}*

Months Jan | Feb | Mar | Apr | May

P 92
. PE 31
Net Supply (+)

; 61
it Or Demand (-)

“* Source: by author.

Table (17) shows the annual water budget for Hebron, and the average
monthly water budget is shown in Figure (7). At the end of October the soil
is considered dry and the storage of water is equal zero..

Table (17) Water budget for Hebron. (mm)*

| Mon. { Jan | Feb ; Mar | Apr | May dJun | Jub | Aug ?

* Source: by author.

P amount in November is 67 mm and PE requires 41 mm. Therefore, P
satisfies the need for water with 26 mm of water left over. This amount
becomes the storage in this case and there is no D. During November the
soil has some water and no S. In December, PE has dropped to 20 mm and
the difference between P and PE is 96 mm but not all is placed into storage
because the soil at the end of November was within 74 mm of being at its
FC. Therefore, only 74 mm of 96 mm available is added into the soil and
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remainder (22 mm) forms as S, and the soil has reached its FC in December.
Any excess water that falls on the surface will likely generate S

1 150,

420

Jo0

Sﬁ‘:_

Fig. (7) Average monthly water budget for Hebron. (mm)

We note in January that P exceeds PE with 120 mm and A ST is 0 mm.
This indicates that it can’t change the amount in storage as the soil is at its
capacity to hold water. As a result the amount in storage (ST) remains at
100 mm. Note that all excess water shows up as S (S= 120 mm). Similar
conditions occur for the months of February and March. These are all wet
months and soil remains at its FC so all-excess water becomes S water. By
the time April temperature has increased to the point where evaporation is
proceeding quite rapidly and plants are withdrawing more water, As a result,
PE is approaching its maximum value, P, however, is falling off in value.
During April the difference between P and PE is 31 mm. This means that P
cannot able to meet the demand of PE. In order to meet this need for water,
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plants must extract water that is stored in the soil from previous months,
The 31 mm is taken out of siorage (100 mm) reducing iis vaiue io 69 mm.
So the month of April is considered a dry month because the P is less than
PE. Hence, AFE is equal to P plus the absolute value of A ST. It is apparent
that there is no S as the soil moisture storage has dropped below its FC and
there is still no D as water remains in storage. The period from May through
October is considered dry where PE still exceeds P and the differences are -
83, ~106, -120, -114, -91 and 59 mm respectively. May begins with only
69 mm of water in storage (ST of April). Thus only be able to extract 69
mm of the 83 mm of water needed to meet the demand of PE. So, of the 83
mm of water would need to extract from the soil. The amount in storage
falls to zero and the soil dried out. The remaining 14 mm of the original of
83 mm shows up as soil moisture deficit. In other words, it has been able to
meet the need for water from P and what it can extract from storage. AE is
therefore equal to 74 mm (5 mm of P + 69 mm of A ST). Similar conditions
occur for June, July, August, September and October, just in different
values.

Table (18) shows the interaction of the various components of water
budget for Hebron. It is clear that 327 mm of the total of P (54.6%) forms a
surplus. This means that 45.4% of P is lost by AE.

6.7 Average Water Budget for West Banik:

Figures (8) and (9) show the annual average P and its partitioning into
estimated AE and surplus for the period 1975-1997. The P map displays the
well-known pattern of higher mountain P superimposed on general west-
east gradient. The percentage of P that is evapotranspired is shown in Figure
(9). It will be noticed that the patterns on this map are nearly opposite those
established in Figure (8): the lowest values are to be found in the west and at
higher elevation and the highest values are found in the east at Jordan rift or
valley. This relationship is to be expected, as areas of higher P will
generally be areas of greater cloudiness and less sunshine. Water D, defined
here as a difference between actual and potential evapotranspiration, is
shown in Figure (10). The values here are very high, for most of the West
Bank there has an annual D (accumulated during the summer months) more
than 600 mm

The average monthly water budget for the entire West Bank is shown in
Table (19) and figure (11). They clearly show that, on average, P receipt is
sufficient to meet water need in some months. P amounts are greatest (over
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75 mm) from December to March when evapotranspiration is less;
consequently this is when the largest surpluses are generated.

Table (18) Annual and Monthly water budgets for Hebron. {(mm)*

Annnal
Jan
Feb
Mar
Apr
May

=28
—

Jun

e S A = N = B - S o S 1

P
>

* Source: by author.

From April, evapotranspiration exhibit a symmetrical pattern with
maximum values of 154 mm occurring in July. It is in the months of April,
June, July, August, September and October PE surpasses P locally and
water is drawn from storage. However, AE in these months is still less than
PE so that a high D occurs. This withdrawal is quickly replaced by the end
of November during which P exceeds PE for most of the West Bank (the D
in this month is due to the fact that the spatial distribution of P and PE are
not perfectly correlated). From December to March the S generated
increases with éach month, for example, in January, about 83.5% of P is S.
On an annual basis, it was estimated that AE equaled 55.8% of precipitation,
leaving a water surplus of 44.2%. In other words, more than half of the
water returns to the atmosphere and the rest becomes as runoff or ground
water recharge. Thornthwaite considered that 50% of water surplus in any
month as a runoff, while the other half recharge the ground water. (Shahada,
N., 1983) As 224 mm of precipitation per year illustrates water surplus,
average ground-water recharge would be 112 mm per year. Consequently,
this value forms more than 650 million cubic meters recharged to the
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aquifers in West Bank. The annual water surplus for West Bank is shown in
Figure (12). It will be noticed that the patterns on this map are nearly
compatible with established in Figure (8). The highest values are to be

found in the West and North and the lowest values are found in the East and
Southeast.

Fig. (8) Average annual precipitation (mm) for West Bank
(Source: After Applied Research Institute- Jerusalem, 2000)
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Fig. (9) Average estimated actual evapotranspiration as
a percentage of annual precipitation 1975-1997.

*Source: by Author.
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Table (1%) Waler budget for West Bank. (mm)*

it Mon. § Jan | Feb | Mar

P
PE

180 4

3 Surplus ﬁ&@%ﬁ Detioit

&)

3 Soll Molature Utllization

[——P =wPE ——aE ]

Fig. (11) Average monthly water budget for West Bank, (mm)
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Fig. (12) Average annual surplus (mm) 1975-1997.

Source: by Author
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7. Summary and Conclusions:

The water budget approach offers a comprehensive assessment of
evapotranspiration, soil water, surplus and deficit. This paper has described
the application of a simple water budget (Thomthwaite water budget) on the
West Bank. This work has provided the most detailed temporal and spatial
evaluation of the components of the water budget over a significant period
of time. The results indicate that while West Bank as a whole receives
sufficient water in some months, from December to March, to meet
vegetation or soil needs there can be substantial deficits. The period of
deficit extends from May to October and forms in average 683 mm.

In this water budget a variety of meteorological data has been used.
Estimation of potential evapotranspiration is the most problematic of budget
terms. The limited number of stations and the absence of widespread
measurements of wind, potential evapotranspiration, temperatures, and
humidity prevent the application or development of more realistic or
comprehensive methodologies. So, a mathematical and statistical approach
is employed here to estimate PE and other variables like daylight, which is
needed to estimate PE, in each area.
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