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HYDROMETEOROLOGICAL CONDITIONS
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ABSTRACT

The (P.E.) values reveal a similar seasonal variation .for six selected climatological stations over
Mujib basin. The average annual values ranges between 2200 mm in the SE region to 1400 mm for
the NW and SW regions of the basin. The relation between the long-term average values and tte
climatic parameters (Class A pan, Temperature; Wind, Sun Shine duration % RH %) for thrce
climatological stations were determined using the linear regression equations. High correlaticn
coefficient values suggest that the obtained equations are highly reliable. Mujib basin is divided in'o
three climatic zones : Moisture index > -80 where the water balance for this zone shows wat:r
surplus during Dec. to Feb. and water cesicit during March to November. Moisture indexes range
between -80 to -90 where the water balance for the normal and wet water years show water surph s
in this zone during the wetted months. Moisture index < -90 where the water deficit is experienced
in high degree and no water surplus has been observed.
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INTRODUCTION

Mujib basin is located in the central part of Jordan, south of the Capital Amman. The coordinates ¢ f
the study area with reference to the Palestine grid are (210 to 295) East and (020 to 147) North. I's
area is approximately 6600 Km® of mainly plateau land to the east of the Dead Sea. The area s
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bound by Azraq basin in the north and Hasa basin in the south, while it extends to Azraq and Sirh: n
basins in the east and to the Dead Sea to the west (Fig. 1). The majority of the basins altitudes range
between 700 to 900 meters above the mean sea level to the east of the hills, which mark the edge of
the Jordan Rift Valley. The topographic relief becomes steeper with the direction eastward in tle
lower part of the study area. Because of the high difference in the elevation, especially in the low:r
parts of the basin, erosional features caused by rainfall and flashy floods, formed a scrap and stecp
canyon down to elevation about 400 meters below the mean sea level adjacent to the Dead Sea.
However, during the rainy season, Jordan falls under the influence of frontal depression invadir g
the Eastern Mediterranean region from the west at a rate of three to four frontal depression systen:s
per month. As the air descends along the slopes of the western range of the Jordan Valley and tl e
Dead Sea, its temperature increases causing substantial evaporation to the product of condensatic n
Abandah,( 1978). So the climate of the study area is predominantly considered to be under tle
influence of the east mediterranean sea, with cold wet winters and hot dry summers.

AIM AND SCOPE

This study is designed to assess the potential of water resources for Mujib basin based on long tern
records of data and to provide the specialists and the decision-makers with information in order ‘o
avoid any future problems throughout the planning of long term allocation and water development
projects related to Mujib basin. This studv will highlight on the evaluation of the climatological ard
hydrometeorological parameters of Mujib basin.

CLIMATOLOGICAL NETWORK

Water Authority of Jordan has six main climatological stations within Mujib basin (Table 1). On'y
three stations are still in operation. Hasa station has the longest period of recorcs
(June 1967 -Dec. 1996) Fig. (1).

The following data are measured at these stations :

Mean daily maximum and minimum air temperature (C°).

Wind speeds (km/hour) and total wind run (km/day) are measured at two meters height ty
anemometer.

Class A pan evaporation is measured (mm/day).

Two types of instruments were used in order to measure the solar radiation. first by (Gunn-Ballan )
radiometer which measures the distillation (ml) and then converted to net back radiaticn
(gm/cal/cm*/day). Second by Campbell-Stokes (Solarimeter) which measures the sun shine hours by
using the Glover Mcculooch relation then convert to radiation (0.29 cos Lat. + 0.52 n/N).

Piche' were used to measure the direct evaporation.

The missing data are filled using linear regression technique. Statistical values for the average
monthly long-term means. Maximum, minimum values and standard deviation of the climatologic: |
data at six climatological stations are calculated.

RESULTS AND DISSCUSION

Vapour Pressure And Temperature
The relations between Vapour pressure (v.p.) and the average temperature (C°) and their equatiors

at six climatological stations were created Fig. (2) and Table (2). High correlation coefficient (R')
(0.89 to 0.97) between V.P and T. suggest that these equations are highly reliable.
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Potential Evapotranspiration

IAM-ETO computer program were used to calculate (P.E.) by mean of penman (1948) and Monteit 1,
(1973) formula.( the Penman-Monteith model as FAO Expert recommends it). The monthly ard
annual long-term (P.E.) results were calculated Table (3) and Fig. (3). In January all the statiors
have minimum average monthly values ranging between 47 (mm/month) for Raba and Ez-Zeitur a
stations and 62(mm/month) for Hasa station. The maximum average monthly values observed
where ranging between 183 (mm/month) at Mushaqqur station to 257 (mm/month) at Hasa statio 1.
The whole basin characterized by minimum values during Jan. and maximum in J uly. Regarding tl e
annual long-term average (P.E.) values varies from 1283 (mm/year) at Mushaqqur climatologic il
station to 1864 (mm/year) at Hasa climatological station.

The average long-term monthly (P.E.) values for the six climatic stations were calculated usir g
Thornthwait's formula (1948) Table (4) and Fig.(4). In January have minimum average valucs
ranges between 11 (mm/month) at Raba station and 19 (mm/month) at Mushaqqur station. Tte
maximum average values were observed at all stations duringn July and range between 116
(mm/month) at Ez-Zeituna station to 132 (mm/month) at Hasa station except at Mushaqqur staticn
where the maximum of 112 (mm) was observed during Aug. to Sep. while the basin has minimwn
values during Jan. The value of average annual long term (P.E.) values were ranging between 724
(mm/year) at Mushaqqur station to 892 (mm/year) at Hasa station. Comparison between the (P.E)
values calculated by both methods show that the values of Thornthwaite's method were far belo v
the values calculated by Penman's method. It seems that Thornthwaite method is subjected 1o
limitations under the conditions prev-iling in the basin. Thus, Penman formula were recommended
because it is and provide more satisfactory results. Monthly and annual (P.E.) average were
computed for the selected normal wet and dry water years at the selected stations Table (§). and
Fig.(5). The results shows a similar seasonal variation for the selected water years. The month'y
values plotted versus the monthly climate factors (mean air temperature, wind run, class A pai,
sunshine hours, relative humidity and Piche's) for main climatological stations Figs. (6,7) and
Fig (8). Such relations enable to estimate the (P.E.) values directly from any available climat.c
factor. These relations may be applied to other stations of similar climate in the basin. Tte
regression equations and correlation coefficient values of these relations were given Table (6).

CLIMATIC CLASSIFICATIONS

The mean monthly value of each climatic factor is plotted versus time F ig. (9). The diagrams sho'v

a periodical cycles which can be divided into :

- Period that begins in August and ends in January where the values of mean T, V.P, P.I,
Sunshine hours and Class A pan shows decrease with time and their lowest values during
January.

- Period that begins in February and ends in July which characterized by increase in the values ¢ f
the same climatic factors, except for RH% and Wind run values.

- Accordingly, three periods can be distingushed in Mujib basin :

- Wetted period prevail during the months November to February. Piche's difference and sunshinz
hours would be at lower limit, whereas the relative humidity and wind speed at their higher limi ..
During this period the region is mainly under the influence of the Mediterranean low pressure:,
cold front from the east moving to the west.

- Transition period prevail during late winter and spring (from middle of March and lasts to middl2
of May). It represents the transition period between the wetted and dry periods, where the values
of the mean air temperature, Piches difference, sunshine hours, vapour pressure and class A pan
increase, whereas the relative humidity, and wind speed decrease.

- Rest of the water year is practically dry with almost clear sky.
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To determine the climate of Mujib basin, the classes suggested by Brown and Cocheme (1973) we e
used Table (7). The Rainfall values (R ) and (1 P.E. 0.5 P.E, 0.25 P.E. and 0.1 P.E.) plotted versiis
time (month) Fig. (10). These relations show that within the main three stations the ( R ) curves
intersect four curves of (P.E.) for more than two months and at (Ez-Zeituna) station intersect tt e
four curves of (P.E.) for one month. suggesting that the climate at these stations in these months cen
be classified as humid (H). for Hasa station the curve of the rainfall intersect only 0.1 (P.E.) curve
for 3 months (Dec. to Feb.) suggesting that the climate can be classified as intermediate (1).
Table (8).

Aridity (I,) and humidity (I,) indeses where calculated using Thornthwaite, (1948) method while o

calculate the moisture index (In,), the equation given by (Carter and Mother, 1955) were used. Tte

moisture index (I, = 1,-1,) for 31 rain-gauges over the period 1962-1998 (37 water years) we e

calculated Table (9). The data shows negative values ranging between -76 to -98. (i.e high aridi'y

index values and low humidity index values). However, the majority of the area of the basin shov's

negative results. On these basis of the values of moisture index, Mujib basin can be divided in o

three climatic zones:

- Moisture index > -80, where the prevailing climate is considered moderate to semi arid. [t
represents areas of the high lands located north west and south west of the basin and extend o
the 150 mm isohyetal line presenting about 15% of the total Mujib basin area. The water balance
equations shows that this zone has a vater surplus for three months (Dec. to Feb.) and low wat:r
deficit over the period Nov. to Morch.

- Moisture indexes between -80 and -90, indicating a semi arid climate representing the area 150
mm 250 mm isoyetal line forming about 15% of the total Mujib basin area. The water balance
equation for the normal and wet water years show surplus in this region during the wetted
months. These regions also experienced water deficit over longer duration than upper region.

- Moisture index < -90, prevailing climate is dry representing more than 70% of the total Muj:b
basin area. It covers Siwaqa, Qutrana and Sultani sub basins. This zone is located east and sou'h
east of 150 mm isohyetal line The water deficit is experienced in high degree and no watcr
surplus has seen for long-term average water year.

SUMMERY AND CONCLUSIONS

The (P.E.) values reveal a similar seasonal variation fat the six selected climatological stations over
Mujib basin. The average annual (P.E.) value ranging between 2200 mm in the SE region and 14(0
mm in the NW and SW regions of the basin. The relation between the average long-term (P.I)
values and the climatic factors (Class A pan, Temperature, wind run, Sun Shine RH% and Pechie’)
for the main three climatological stations (Mushaqqar, Raba and Hasa) were determined using tte
linear regression equations. High correlation coefficient values suggest that these equations aie
highly reliable. The majority of the area shows negative moisture index at the 31 rain-gauge statior s
over the period of the observation (1962-1998) ranging between -76 to -98. Accordingly, Mujib
basin is divided into three climatic zones : The moisture index > -80 representing high lands arca
located at the NW and SW of the basin extending to of 150 mm isohyetal line. The water balance
for this zone shows water surplus during the period Dec. to Feb. and water deficit during Nov. and
March. The miosture indexes range between -80 to -90 representing the area located between 150
mm to 250 mm isohyetal lines. The water balance for the normal and wet years show water surplt s
in this zone during the wetted months. The miosture index < -90 representing more than 70% of tte
total basin located E and SE of 150 mm isohetal line. The water deficit is experienced in highcr
degrees and no water surplus has been observed for the long-term average.
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[} Statien Palestime Coordinates | Elev Durativy of Remarks
No. Narme Grid secoured
[East lwdhf("f%q. Lat. |m.a.m.[From “Tu
5|
CCDA [Mashagaar [226.2 1329 |31 48 |28 &2 |Te7 Cec-B4 [Ses-86| cpuraton
C630 |Bieann 2507 |E58 (a1 22 |37 0 |176  [Jan-BA [Mar-73|Closec
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Table ¢ 20 Long-tarm polynomial CEEIesston equirlions for the relainsg
betweer i mperature (Thversus Vapour pressure
(V' ™1at the climatic stationg

Station ~ TRegression Equations R
Mushagaqur ]lV‘P =0.037" . 0.423F +9.29 D36
Raba VPR 0031 . 38T a8z fo‘s?
Caser V.P=0.01T  + 016T +5.95 0.94
E2-Zeiwna |V.P =D.02577 . D.225T + 5.16 'n 43
Hasa lv.p= 00177 - cogT + 63 f0.89
s Siwaga [v-p=0.02T’ - 0121 467 Io.sa

Table ¢ 3 Long-term monthly averages of the P.E [esun) lor the siv
cluraniv stations caleulated by Peaman's Formulae

Month Hasa Siwaga Qutrana Raba  Ez Zeit Mushgq
mr mm Mm Mrn mrn mrm

oCT 143 133 127 102 118 112
NOV 40 &4 81 78 72 75
DEC 65 59 53 50 47 68
JAN [$¥:4 69 50 47 47 50

. FEB 76 76 73 50 58 50
MAR 118 115 93 a7 84 GB
APR 168 150 132 123 123 lo]
MAY 220 211 187 164 171 130
JUN 243 222 162 162 148 159
JUL 257 245 211 186 208 183
AUG 239 220 195 171 195 174
SEP 189 171 156 144 153 123
Annual 1870 1745 1530 1364 1472 1282
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