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ABSTRACT
    
Evaporation is one of great important parameter to determine crop water requirement especially in arid areas. The class A pan Evaporation is measured in the agro meteorological stations that sited in agricultural environment. A good relationship usually exists between A-pan evaporation   and grass Evapotranspiration for a period of day or longer. Since the A-pan evaporation will incorporate the effect of all climatic factors. This work was performed using the daily data of Bahtim , Rafaa and Asyout Agro‑meteorological stations for the period 1996‑2000, 2003-2005  and 1997-1999  respectively. Also the daily data of Bahtim  in year 2003,Aswan -Shore meteorological station during  April -  2006 and  seven  agro meteorological  stations in January-April-July -October   2006  to validation the methods have been used. The results of this study we deduced  90 Classifications climatic factors between daily  wind speed at two meters , relative humidity  and mean temperature were used to estimate daily evaporation of class a pan . Also give two methods for estimated daily or month evaporation of class A-pan over Egypt. These two methods gave good accuracy for estimation of daily evaporation of class A-pan. Therefore the two methods are useful for agro meteorological studies and agriculture researches to be used when the actual data are not available.
1-Introduction
The problem of measuring evaporation from open water surfaces, and transpiration from different types of vegetation, has been a central problem in hydrology for many years. In terms of the hydrological cycle and the water balance, evaporation and transpiration make up the second largest component. Errors in estimating evaporative loss, therefore, assume great significance, for example, in the calculation of groundwater recharge. Difficulties in understanding the physical nature of the evaporation process, together with ambiguous results from the various types of instrument designed to measure evaporation directly (such as evaporation pans and evaporimeters), led to the development of empirical techniques for estimating evaporation, using generally available climatic data. These techniques were recognized and acknowledged to give only approximate estimates, but in the absence of simple-to-apply, more theoretically sound methods they provided a useful means of calculating irrigation need and consumptive water use by crops. Advances in micro-meteorology have produced more sophisticated techniques for measuring evaporation. Generally speaking, these are still research techniques requiring far more instrumentation or experimental data than are normally available. A good relationship usually exists between evaporation from class A-pain (Ep) and grass Evapotranspiration (ET) for a period of day or longer. Since the pan evaporation will incorporate the effect of all climatic factors, it is more accurate in estimating grass ET than empirical formulae that depend on fewer of the climatic factors. Grass Evapotranspiration (ET) is less than open water evaporation. Penman and Schofield (1951) gave three reasons for this: (1) the higher albedo of the vegetation, (2) the closure of the stomata at night, and (3) the diffusion impedance of the stomata. In Aspendale, Australia, McIlroy and Angus (1964) found that the ratio between grass ET and class A pan evaporation is 0.84. Evaporimeters have the advantage of giving sufficient allowance to the advected energy in arid climates. Robins and Haise (1961) remarked that the most successful method for use in the presence of advected energy is evaporimeters (Chang, 1968). evaporation of intercepted water can be a significant feature. Allen (1998) introduced a method for estimating ETo depending on Ep. He stated that the pan provides a measurement of the integrated effect of radiation, temperature, humidity and wind on the evaporation from an open water surface. Therefore, it responds in a similar manner to the same climatic factors affecting crop transpiration. Regardless of several factors produce significant differences in loss of water from a water surface and from a cropped surface, the use of pans to predict ETo for periods of 10 days or longer may be warranted. The pan evaporation is related to ETo by an empirically derived pan coefficient: ETo = Kp Ep.  In China, Chuanyan Zhao et al (2005) used ETo estimated by Allen's (1998) Pan method as standard values to evaluate the performance of 8 other climatic methods of estimating ETo. Dawod(2006) found the empirical equation to evaluate evaporation by using available data at Aswan shore station
2‑ Sites and Data
2.1 Sites

The present study uses 9 stations from the monitoring network of the Egyptian Meteorological Authority at table (1)

2.2 data
2.2.1 Instrument of class A pan Evaporation (Ep)

 The class A pan Evaporation (Ep) is measured in the agro met stations that sited in agricultural environment. The Pan is installed in small dry field. It is of cylindrical galvanized steel, 10 inches deep and 47.5 inches in diameter and mounted on a wooden support. The water level is kept at 5-7.5 cm below the rim see figure (1). The pan evaporation data are complete for 5 stations at all period in this study 
[image: image22.wmf]
Fig (1): Instrument of measuring evaporation (Class A pan)
2.2.2 Date 
Average  daily data of temperature °C, relative humidity % , wind speed at 2 meters  m/s and  class A pan Evaporation mm at

1. Bahtim Agro‑meteorological station for the period 1996‑2000 .This period contains (1810) days' record. Also during year 2003 (283 days) to validate 
2.  Rafah Agro meteorological station for the period 2003-2005 (1097 days) 
3.  Asyout Agro meteorological station for the period 1997-1999  (1054 days) 
4. Aswan –Shore meteorological station near the lake Nasser during  April month in 2006 to validation the methods
5. 7 agro meteorology stations (Rafah, El-Arish, Baar El Abed, El- Tahrer, Bahtim, Mallawy, Asyout, El-Kharga and Aswan-Shore  stations during January-April-July - October   2006  to validation the methods
3- Method 

3.1 Empirical equation  
Evaporation from an open water surface is estimated by (Jon Wieringa, Jakob Lomas, 2001) from the relationship:-
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E ( mm day-1   )= Evaporation from an open water surface Class A pen 

U = Average wind speed (ms-1    )    at z=6m

T = daily average r temperature ( in kelvin ) at z=6m 
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e

 =daily average vapour pressure (in mb) at the water surface 
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 = average vapour pressure (mb) of air  at z=6 

A new empirical formula has been supposed in this study by development the formula of (Wieringa.2001). The supposed new formula is:- 
2                                                                              -----[image: image5.wmf]T
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 Where 

E = is evaporation from an open water surface class "A" pan (mm/day)

U = is wind speed (ms-1    )    at height =2m

T = is air temperature (in C0 ) at height =2m 
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e

=  is   saturated vapour pressure (in mb ) at height =2m 
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e

= is actual vapour pressure (mb)of air  at height =2m

D= is calculated by using measurement of meteorological elements at table (5-a,b)

Where the constant value is 30 in (Wieringa.2001) formula and the measured of element of meteorological at level 6 m and he also used Kelvin temperature. But the new formula at equation 2 can resulted from development the constant value (30 in Wieringa.2001) to D at the new formula .it is calculated by using measurement element at the station.

To calculate the  value D, we can  use  equation 2 
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(1) Also  by using  Saturated Vapour Pressure ([image: image9.wmf]s

e

) in mbar as a function

  of Mean Air Temperature (T) in degree Celsius ْ C (i.e. Magnus Equation)
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Where,    a = 6.108     ,    b = 17.27     ,     c = 237.3

(2) And Actual Vapour Pressure ([image: image11.wmf]a
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) in mbar as a function of 
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 in mbar and Relative Humidity in %

[image: image13.wmf]100

RH

e

e

s

a

´

=


Hence, es - ea can be determined from:   
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Substituting from equation 4 at equation 3  
D =                                                    E(observed ) *    T                               --------5            

        U * 6.108*exp (17.27*T/(237.3+T))*(1-RH/100)
D= local constant can be calculated by equation 5
E(observed ) ( mm day-1   )= Evaporation from an open water surface Class A pan. 

U = average daily wind speed (ms-1    )    at z=2m

T = average daily air temperature (in C0 ) at z=2m 

RH = average daily Relative Humidity in % at z=2m

After calculating the D local constant by equation 5 in the table 5-a,b 

Then using the  new formulas to estimated the evaporation over Egypt  at equation  

E =         D *U * 6.108*exp (17.27*T/(237.3+T))*(1-RH/100)---6 
                                                                          T

E ( mm day-1   )= estimated Evaporation from an open water surface Class A pan. 

U = average daily wind speed (ms-1    )    at z=2m

T = average daily air temperature (in C0 ) at z=2m 

RH = average daily Relative Humidity in % at z=2m

D= local constant calculated in Table (5-a,b)
3.2 Classifications Climatic Factors (CCF)


For evaporation to occur, both a driving force and a source of energy (for the phase transformation) are required.  The driving force is the vapor pressure difference between the surface and the overlaying air.  When evaporation takes place (by the above conditions), some mechanism, to aid vapour transport is needed and is provided by the turbulence i.e. the movement of the air .However, the evaporation can be effect by three elements 
Wind speed: It is  great important parameter to estimate evaporation. There are   increasing relation between evaporation and wind speed. 
· Relative humidity: it is important parameter to estimated evaporation where air mass which pass over surface water is dry or humidity where  there are   inversely relation between evaporation and  relative humidity 
· Temperature : The daily mean vapor pressure: e = RH e*, where e* is the saturation vapor pressure that is a function of temperature. there are   increasing relation between evaporation and  temperature
CCF  is calculate the average value of evaporation data observed due to homogeneity of data or Classifications Climatic Factors (wind table 2 –relative humidity table 3 and temperature table 4)is found at table (5-a,b),.
3.3 Method of calculation D coefficient 

In this work we calculate the value of D for estimated class A pan evaporation each day by two steps 
A}-first (D)
       Calculate D-constant from equation 3 by using value of data (temperature, wind speed, relative humidity and evaporation measured(class a pan )) at each day which are available from the Rafaa ,Bhtum and  Asyout  agro meteorological stations during periods 2003-2005,1996-2000 and 1997-1999 respectively 
B}-second 
 Classification D-constant due to homogeneity of data or Classifications Climatic Factors is found at table (5-a,b),.
4‑ Results and discussion


Table (5-a,b) shows the variables of D-constant and average of evaporation at different state of weather in three station one in the north Egypt (Rafaa ) ,second at mid Egypt in Bahtim and third at south Egypt in Asyout station  .The first three columns shows the classification of wind speed, relative humidity and temperature due to table 2,3,4 . The other three columns for Rafaa station .where column 4 is Calculate D constant from equation 3 where the value of evaporation is available at the period 1997-1999. The column 5 is calculating the average of measured value of evaporation at each condition of weather and column 6 is summing of recurrence days of each climate classification   factor (CCF). The same way can be show columns at Bahtim and Asyout stations. From the table(5-a,b) we can see that the value of the coefficient (D) is large equal 84 in Bahtim  at CCF  (no 10 ) where wind speed is small less than 1 m/s and relative humidity is high more 90 % and temperature is low less than 20(fog phenomena)  while it is small equal (0.03) in Asyout station at CCF (no 114) where strong wind speed more than 19 m/s and relative humidity is more than 55 % also temperature is less than 20 .it is state thunder storm phenomena . This due to the equation 3 the value of wind speed is largest effected on D coefficient. On other hand in weather condition of each panorama such as fog, hazes, raising sand, sand storm and thunder storm have different condition or climate classification   factor can be see in table 1,2,3  . Table (5-a,b)  are able  to pick up the important features it was found that maximum value of evaporation  is 14.5 mm in Rafaa station   at CCF  (no 99 ) where wind speed is more  than 12 m/s and relative humidity is less than  40 % and temperature is more than 20 C(sand storm  phenomena)  . While it was minimum value of evaporation is (2mm) in Asyout station at CCF (no 20), wind speed < 1 m/s and relative humidity > 80 % also temperature < 20 C (fog phenomena). It is due to that there are increasing relation between wind speed and temperature with evaporation also inversely relation between relative humidity and evaporation.  From table (5-a,b), can be  estimated the value of evaporation at each condition (CCF) over any station when we measured wind  speed ,relative humidity and temperature without calculating by using  value at column 5,7and 9 over  north, mid and south Egypt  receptively.

From Table (5-a,b),  it is clear that  the important features of climate of Rafaa, Bahtim  and Asyout stations ,
· The climates of Rafaa station was humidity and strong wind   due to instability condition from her location on the   coast area where at winter season have the series of cold fronts. It has 90 climate classification   factor CCF during study period. It is found maximum recurrence days have same condition of CCF   is 90 days,8.5% from all days (WS> 3, RH>80, T>20, No 44).where average evaporation is 9.5 mm at this state during 2003-2005.  

· The climates of Bahtim station was humidity   due to stability condition from her location on the agriculture in mid of Egypt .It has 83 climate classification   factor CCF during study period. It is found maximum recurrence days have same condition of CCF   is 209 days, 11.5 % from all days (WS> 2, RH>55, T>20, No 28).where average evaporation is 10 mm at this state during 1996-2000.
· The climates of Asyout  station was dry and hot    due to more stability condition from her location on south of Egypt .It has 41 climate classification   factor CCF during study period. It is found maximum recurrence days have same condition of CCF   is 166 days, 18 % from all days (WS> 2, RH<55, T>20, No 26).where average evaporation is 9.5 mm at this state during 1997-1999.
4.2. Verification two  methods
To obtain the success of the estimation methods we compute the evaporation  for  daily data over Aswan –Shore meteorology station during period April 2006 at table (6) and  over Bahtim agro meteorology station during 2003 at table (7) and monthly data  over 7 agro meteorology stations during January-April, July and October 2006 at table (8) 
. We compute the mean absolute error

MAE1= ( │ Eob ‑ ED│ / N

MAE2   =( │ Eob ‑ ECCF │ / N

MAE3   =( │ Eob ‑ Eav │ / N

Where 

MAE1 is the mean absolute error between actual data (evaporation from class A pan)and the first method for estimated by   using equation 6 where  D  -coefficient  at column 5 ,8 and 11 in north, mid and south Egypt  receptively at table (5-a,b),,
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 MAE2 is the mean absolute error between actual data  and second method estimated by using Classifications Climatic Factors (CCF) at column 6,9 and 12 in north, mid and south Egypt  respectfully at table (5-a,b),,

 MAE3 is the mean absolute error between actual data  and  average value of two methods 

Eob =observes evaporation from class a pan 

ED = estimated evaporation by using equation 6 (D coefficient at table (5-a,b), first method)

ECCF= estimated evaporation by using classification (second method)

Eav = estimated evaporation by using average two methods
N   = is the number of days for each month

From the data presented in table (6),(7)and (8) it is clear that two methods D-constant  & CCF  are a accurate and useful regarding average mean absolute error over are  ± 2  mm  at daily and ± 1 at month .From the table (6),(7)and (8)  we can see that the mean absolute error for the daily and month  is small in spite of it is applicable for  different places in different months with different weather

Conclusion  
1. It is found the relation between phenomenon of weather and evaporation where the maximum value of evaporation from sand storm phenomenon and minimum value of evaporation from fog phenomenon
2. Can be  estimated the value of evaporation  over Egypt at each Classifications Climatic Factors (CCF) over any station  by using available data such as  wind  speed ,relative humidity and temperature  from table 5-a,b
3. Empirical relation have been derived to evaluate  evaporation by using available data at Egypt 

The following formula have been statistically computed
E =         D *U * 6.108*exp (17.27*T/(237.3+T))*(1-RH/100) 
                                                                          T

E ( mm day-1   )= estimated Evaporation from an open water surface Class A pan. 

U = average daily wind speed (ms-1    )    at z=2m

T = average daily air temperature (in C0 ) at z=2m 

RH = average daily Relative Humidity in % at z=2m

D= local constant calculated in Table (5-a,b)
4. The verification of empirical equations method  and Classifications Climatic Factors (CCF) method had been performed on daily data of Aswan –Shore meteorology station during period April 2006 (30 days),  over Bahtim agro meteorology station during 2003(283 days)and  over seven  agro meteorology stations during January-April, July and October 2006
5. The attained results revealed that the proposed method gives appropriate results in range of ±2mm at  daily value and ± 1 mm at month value compared to  observed   evaporation  value
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Table (1): Locations of Egyptian Meteorological Authority stations
[image: image15.emf] Station

Longitude

 Latitude Altitude

Name

No.

0     / 0      /

m

North Egypt

Rafah 335 34     12 31     12 73.261

North Egypt

El-Arish 336 33      49 31     05 27.18

North Egypt

Baar El Abed 454 32     45 30     58 23.7

Mid Egypt El- Tahrer 345 30     42 30     42 15.6

Mid Egypt Bahtim 369 31     15 30     08 16.96

South Egypt Mallawy 389 30     45 27     42 45.4

South Egypt Asyout 392 31     10 27     12 52

South Egypt El-Kharga 435 30     32 25     27 77.79

South Egypt Aswan-Shore 32    47 23    55 192.7

Zone


Table (2): Classifications of wind speed in this study 

	wind speed 2 m (m/s)
	State  of wind speed
	Weather Phenomena 

	Ws≥ 0
	calm
	Mist , fog or haze

	Ws≥ 1
	calm
	Mist , fog or haze

	Ws≥2
	calm
	Mist , fog or haze

	Ws≥ 3
	moderate
	Rising sand

	Ws≥ 4
	moderate
	Rising sand

	ws≥5
	moderate
	Rising sand

	Ws≥ 6
	moderate 
	Rising sand

	Ws≥ 7
	moderate
	Rising sand

	ws≥9
	Strong wind
	Sand storm

	Ws≥ 12
	Strong wind 
	Sand storm, Thunder storm

	ws≥15
	Sever wind
	Sand storm, Thunder storm

	ws≥19
	Sever wind
	Sand storm, Thunder storm 


Table 3: Classifications of relative humidity after classifications of wind speed

	Relative humidity 
	State  of Relative humidity
	Weather Phenomena 

	RH≤40
	Dry  
	haze

	RH<55
	Dry –moderate 
	haze

	RH≥55
	Dry –moderate
	haze

	RH≥75
	moderate
	mist

	RH≥80
	Humidity 
	fog

	RH≥90
	Height Humidity 
	fog


Table4: Classifications of temperature after classifications of wind speed and relative humidity 

	Temperature 
	Climate 
	Weather Phenomena 

	T<20
	Cold temperature  in winter and spring seasons
	Cold 

	T≥20
	worm temperature  in summer and autumn seasons 
	Worm 


Table (5-a): Estimated evaporation by using two methods in Rafaa , Bahtim  and  Asyout  agro meteorological stations during periods 2003-2005,1996-2000 and d997-1999  respectively
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 2m const.

CCF
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in equ.
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1

WS≥0<1

RH≤40 T<20

2

RH<55 T<20 25 7 1 25 4 1

3

RH<55 T≥ 20 34 6 2

4

RH≥55 T≥ 20 26 8.5 9

5

RH≥55 T<20 16 4.5 20 31 3.5 8

6

RH≥75 T<20 20 4 13

7

RH≥75 T≥ 20

8

RH≥80 T<20 32 3.5 1 35 4 16

9

RH≥80 T≥ 20

10

RH≥90 T<20 84 5 1

11

RH≥90 T≥ 20

12

WS≥1<2

RH≤40 T<20 11 11 1 8.5 6.5 2

13

RH≤40 T≥ 20 7 13.5 1 11 10.5 63

14

RH<55 T<20 10 13 1 7 5 10 10 5.5 27

15

RH<55 T≥ 20 7 11 9 4 11.5 8.5 103

16

RH≥55 T≥ 20 9 7 15.5 10 90

17

RH≥55 T<20 10 4.5 1 15.5 5 58 8.5 3.5 145

18

RH≥75 T<20 9.5 4 2 12 5 25 10 2.5 10

19

RH≥75 T≥ 20 20 9 2 20 9 10 10 5 21

20

RH≥80 T<20 15 4 8 17 4.5 40 9.5 2 5

21

RH≥80 T≥ 20 15 5 4 17 6 4

22

RH≥90 T<20 28 3.5 2 26 3.5 1

23

RH≥90 T≥ 20 40 5 1

24

WS≥2<3

RH≤40 T≥ 20 3.5 8 1 5 10.5 2 6 11 82

25

RH<55 T<20 4.5 7.5 1 4.5 6 7 5 6 43

26

RH<55 T≥ 20 6.5 11 2 6.5 10 12 6.5 9.5 166

27

RH≥55 T<20 7 6 20 6 5.5 60 5 4 48

28

RH≥55 T≥ 20 9.5 9.5 36 10 10 209 6.5 7 45

29

RH≥75 T<20 6 4 11 7.5 5 24 5 2.5 7

30

RH≥75 T≥ 20 11.5 9 24 12 9 35 8 5 1

31

RH≥80 T<20 10 4.5 14 9 4 13 6 2.5 5

32

RH≥80 T≥ 20 15.5 8 45 14 7 2

33

RH≥90 T≥ 20 17 5.5 2

34

RH≥90 T<20 12 3 3 47 4.5 2

35

WS≥3<4

RH≤40 T≥ 20 3.5 10 2 4 11 4 4 11.5 35

36

RH≤40 T<20 5 10 2

37

RH<55 T<20 3 6 2 2.5 5.5 9 3.5 6 10

38

RH<55 T≥ 20 4.5 9.5 7 5 10 26 4.5 10 79

39

RH≥55 T<20 5 6 28 4 3.5 88 3.5 5 25

40

RH≥55 T≥ 20 7 9.5 65 7 10 182 4.5 7 14

41

RH≥75 T<20 6 5.5 30 5.5 5 33

42

RH≥75 T≥ 20 9.5 9.5 76 8.5 8.5 32

43

RH≥80 T<20 7.5 5 29 6 4 15

44

RH≥80 T≥ 20 12.5 9.5 90 9 6.5 1

45

RH≥90 T≥ 20 12.5 4.5 1

46

RH≥90 T<20 14.5 5 1 8 3 1

47

WS≥4<5

RH≤40 T≥ 20 2.5 11 3 3 10 2 3 12 6

48

RH≤40 T<20 2.4 8 3

49

RH<55 T<20 3.5 8.5 1 2.5 6 13 2.5 6.5 7

50

RH<55 T≥ 20 3.5 9.5 8 4 10 26 3.5 10 20

51

RH≥55 T<20 3.5 5.5 42 3.5 5.5 102 3 5 8

52

RH≥55 T≥ 20 6 9.5 46 5 10 172 4 9.5 1

53

RH≥75 T<20 4 5 8 5 5 27

54

RH≥75 T≥ 20 8 10 48 7 4 29

55

RH≥80 T<20 6 5 26 6 4 14

56

RH≥80 T≥ 20 10 9.5 30 6 5.5 1

 

Mohamed A.A.DAWOD methods for Estimating Evaporation over Egypt ,Meteorological Authority of Egypt 

Classifications Climatic Factors

Rafaa ,2003-2005  Bahtim ,1996 -2000 Asyout,1997-1999

CCF

North Egypt  Mid Egypt South Egypt

RH Tem.


Table (5-b): Estimated evaporation by using two methods    in Rafaa , Bahtim  and  Asyout  agro meteorological stations during periods 2003-2005,1996-2000 and 1997-1999 respectively
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57

WS≥5<6

RH≤40 T≥ 20 2.5 12.5 2 2 9.5 2 2.5 10 2

58

RH≤40 T<20 1.5 5 1

59

RH<55 T≥ 20 2.5 10.5 4 3 10.5 16 3 11 2

60

RH<55 T<20 2 6 10 2.5 8.5 2

61

RH≥55 T<20 2.5 5 38 3 6 56

62

RH≥55 T≥ 20 3.5 8 15 4 10.5 90 2 5 1

63

RH≥75 T<20 3.5 5 16 3.5 5 5

64

RH≥75 T≥ 20 6 9.5 14 4.5 8 8

65

RH≥80 T<20 5 4.5 10 4.5 4.5 4

66

RH≥80 T≥ 20 8.5 10.5 9 4.5 5.5 3

67

RH≥90 T<20 7 3.5 2

68

WS≥6<7

RH≤40 T≥ 20 2 10.5 2 2 10.5 4

69

RH≤40 T<20 1.5 7.5 1

70

RH<55 T≥ 20 2.5 10 3 2.5 11 10

71

RH<55 T<20 2 6 6 2 6.5 7

72

RH≥55 T<20 2 5 23 2 5.5 34

73

RH≥55 T≥ 20 2.5 7 6 3,5 10 54

74

RH≥75 T<20 3 5.5 13 3 5 7

75

RH≥75 T≥ 20 6 11 2 5 10 4

76

RH≥80 T<20 3.5 4 14 3 4 2

77

RH≥80 T≥ 20 7.5 9 1

78

RH≥90 T<20 8 6 1

79

WS≥7<8

RH≤40 T> 20 1.5 12 3

80

RH≤40 T< 20 1 7 2 1.5 8 2

81

RH<55 T≥ 20 2 9.5 3 2 10 10

82

RH<55 T<20 1.5 6 5 1.5 6 20 2 8 1

83

RH≥55 T<20 1.5 5 27 2 5.5 42

84

RH≥55 T≥ 20 3.5 10 6 3 10 11

85

RH≥75 T<20 2 4.5 9 3 7 3

86

RH≥75 T≥ 20 4.5 10 2 4 7 1

87

RH≥80 T<20 3 4 9 2 3.5 3

88

RH≥80 T≥ 20 4 7.5 1

89

RH≥90 T<20 4.5 3.5 5

90

WS≥9<12

RH≤40 T≥ 20 1.5 14 1 1 10 2 2 13 1

91

RH≤40 T< 20 0.8 7 3 0.8 7.5 5

92

RH<55 T≥ 20 1.5 8 2 1.5 9 2

93

RH<55 T<20 1 6 9 1 7 6

94

RH≥55 T<20 1.5 7 20 1 4.5 11 1 4.5 1

95

RH≥55 T≥ 20 1.5 7 3 2 9 3

96

RH≥75 T<20 2 5 6

97

RH≥80 T<20 2.5 5 10 2.5 5 1

98

RH≥90 T<20 3.5 4 1

99

WS≥12<15

RH≤40 T≥ 20 1 14.5 1

100

RH≤40 T< 20 0.8 9.5 1

101

RH<55 T≥ 20 1 6 1

102

RH<55 T<20

103

RH≥55 T<20 1 6.5 13 1 5 3

104

RH≥55 T≥ 20

105

RH≥75 T<20 1.5 6 2

106

RH≥80 T<20 2 5 4

107

RH≥90 T<20 3.5 4.5 1

108

WS≥15<19

RH≤40 T<20 0.8 10 1

109

RH<55 T<20 0.8 7.5 1

110

RH≥55 T< 20 1 8.5 2

111

RH≥75 T<20 2 7.5 1

112

RH≥80 T<20 2 7.5 1

113

WS≥19 RH<55 T<20 0.8 9 2

114

RH≥55 T<20 0.3 2.4 1

1062 1835 991 Total days 

Number  of  CCL 90 83

North Egypt  Mid Egypt South Egypt

41

RH Tem.

 

Mohamed A.A.DAWOD methods for Estimating Evaporation over Egypt ,Meteorological Authority of Egypt 

Classifications Climatic Factors

Rafaa ,2003-2005  Bahtim ,1996 -2000 Asyout,1997-1999

CCF


Table (6): Daily validation of two methods over Aswan –Shore meteorology station during period April 2006
[image: image18.emf]WS-2m

RH

Temp.

evaporation  D est-ev1 MAE1 est-evap2 MAE2

 (m/s) %

C

mm Const. improv-eq classf. Climate

01/04/2006 3.3 24 23.4 12.8 4 12.2 0.5 11 1.8

02/04/2006 3.1 26 22.6 11.5 4 11.0 0.5 11 0.5

03/04/2006 2 34 22.6 6.6 6 9.5 2.9 11 4.4

04/04/2006 2.3 39 24.7 7.3 6 10.5 3.2 11 3.7

05/04/2006 3.2 38 22.4 9.9 4 9.5 0.4 11 1.1

06/04/2006 3.9 38 22 7.2 4 11.5 4.3 11 3.8

07/04/2006 3.1 38 22.8 9.7 4 9.3 0.4 11 1.3

08/04/2006 2.8 37 23.5 9.0 6 12.9 3.9 11 2.0

09/04/2006 2.8 28 25 10.5 6 15.2 4.7 11 0.5

10/04/2006 3.9 28 23.8 12.0 4 13.8 1.8 11 1.0

11/04/2006 5 23 22.4 16.1 2 9.2 6.9 10 6.1

12/04/2006 3.4 25 23.1 12.9 4 12.4 0.5 11 1.9

13/04/2006 2.5 22 25.3 10.3 6 14.8 4.5 11 0.7

14/04/2006 2 21 28.9 9.0 6 13.0 4.0 11 2.0

15/04/2006 3.4 19 29.7 16.0 4 15.4 0.6 11 5.0

16/04/2006 5.7 25 23.4 18.2 2 10.4 7.8 10 8.2

17/04/2006 4.2 27 23.9 13.2 3 11.3 1.9 12 1.2

18/04/2006 3.2 26 26.9 12.9 4 12.4 0.5 11 1.9

19/04/2006 2.9 19 31.1 14.1 6 20.3 6.2 11 3.1

20/04/2006 2.3 20 30.7 10.9 6 15.8 4.9 11 0.1

21/04/2006 2.6 17 31.3 13.0 6 18.8 5.8 11 2.0

22/04/2006 2.2 18 32.1 11.1 6 16.0 4.9 11 0.1

23/04/2006 2.9 19 29.8 13.7 6 19.7 6.0 11 2.7

24/04/2006 3.7 20 26.4 13.4 4 15.3 1.9 11 2.4

25/04/2006 3.2 20 26.8 13.9 4 13.4 0.5 11 2.9

26/04/2006 3.1 19 26.6 13.6 4 13.1 0.5 11 2.6

27/04/2006 2.1 15 27.8 9.9 6 14.3 4.4 11 1.1

28/04/2006 1.6 15 31 13.7 11 21.5 7.8 10 3.7

29/04/2006 2.7 17 33.5 14.4 6 20.6 6.3 11 3.4

30/04/2006 3.7 17 31.8 15.7 4 18.0 2.3 11 4.7

2.6 28.7 31.4 12.1 4.9 14.0 3.4 10.9 2.5


Table (7): monthly validation of two methods over Bahtim agro meteorology station during 2003 (283 days)

[image: image19.emf]HumidR.HumdW.V.P.D.PointT.DayT.NightT.D +NMin.Max.T-MEANCloudDateEVXTRHDI100seeskk-esK-ESTevapEmeamABERRm/secDailyHoursmm/dayDatek-esev-ccfDateDailyVapoWindSpedR.HumdT-MEANk-esd-evaporev-ccfave(d+ccf)MAE-dMAE-CCFMAE-avmonthsDailyVapoWindSpedR.HumdT-MEANk-esd-evaporev-ccfdayDailyVapoWindSpedR.HumdT-MEANk-esd-evaporev-ccfave(d+ccf)MAE-dMAE-CCFMAE-av

Months Number of 

Daily

Vapo

Equt 1

CCF 2

MAE1 MAE2 two MAE3

days

mm

mm

mm

mm mm method mm

Jan-03 31 3.3 5.2 5.3 1.9 2.0 5.2 2.0

Feb-03 28 5.1 6.5 6.0 1.3 0.9 6.2 1.1

Mar-03 17 5.0 6.3 5.1 1.4 0.2 5.7 0.8

Apr-03

May-03 19 11.8 11.5 10.3 0.3 1.6 10.9 0.9

Jun-03 30 12.2 11.8 10.1 0.4 2.1 10.9 1.3

Jul-03 31 10.7 10.5 9.9 0.3 0.8 10.2 0.5

Aug-03 9 11.6 8.6 9.8 3.0 1.8 9.2 2.4

Sep-03 26 10.0 9.5 9.9 0.6 0.1 9.7 0.3

Oct-03 31 7.3 8.3 9.4 1.0 2.1 8.8 1.6

Nov-03 30 4.8 5.6 5.9 0.8 1.1 5.7 0.9

Dec-03 31 4.4 5.1 5.1 0.7 0.7 5.1 0.7

Mean Abs. Error

1.1 1.2 1.1


Table (8) monthly validation of two methods over 7 agro meteorology stations during January-April, July and October 2006
[image: image20.emf]Station

Obs.evaporation 

Equ.(1) CCF.(2) MAE(1) MAE(2)

two-method

MAE3

mm

mm mm mm mm mm

Rafah 4.2

5.0 6.0 0.9 1.8 5.5 1.3

El-Arish 4.6

4.4 4.5 0.2 0.1 4.4 0.2

Baar El Abed 4.8

8.1 6.0 3.3 1.2 7.0 2.2

El- Tahrer 8.8

8.6 10.0 0.2 1.2 9.3 0.5

Mallawy 3.0

4.7 2.5 1.7 0.5 3.6 0.6

Asyout 2.8

2.9 3.5 0.1 0.7 3.2 0.4

El-Kharga 6.5

6.2 3.5 0.3 3.0 4.8 1.6

Mean Abs.Error

0.9 1.2 1.0

Rafah

6.5 6.0 4.5 0.4 2.0 5.3 1.2

El-Arish

5.4 3.6 4.0 1.7 1.4 3.8 1.6

Baar El Abed

8.7 6.2 7.5 2.5 1.2 6.8 1.9

El- Tahrer

11.5 10.7 10.0 0.8 1.5 10.4 1.1

Mallawy

7.1 5.8 7.0 1.3 0.1 6.4 0.7

Asyout

7.1 10.0 8.5 2.9 1.4 9.3 2.2

El-Kharga

13.3 16.0 10.5 2.8 2.8 13.3 0.0

Mean Abs.Error

1.8 1.5 1.2

Rafah

10.8 9.0 9.0 1.8 1.8 9.0 1.8

El-Arish

7.1 7.1 7.0 0.1 0.1 7.0 0.1

Baar El Abed

11.0 8.1 11.0 2.8 0.1 9.6 1.4

Mallawy

11.2 11.1 11.0 0.0 0.2 11.1 0.1

Asyout

11.5 13.0 8.5 1.5 3.0 10.7 0.8

El-Kharga

18.0 20.7 10.5 2.8 7.5 15.6 2.3

Mean Abs.Error

1.5 2.1 1.1

Rafah

7.5 9.6 9.0 2.1 1.5 9.3 1.8

El-Arish

7.7 3.8 8.0 3.9 0.3 5.9 1.8

Baar El Abed

7.4 7.2 7.0 0.2 0.4 7.1 0.3

Mallawy

6.7 6.5 11.0 0.2 4.3 8.7 2.0

Asyout

6.8 5.6 9.5 1.2 2.7 7.5 0.7

El-Kharga

12.8 9.1 11.0 3.7 1.8 10.1 2.8

Mean Abs.Error

1.5 1.8 1.3

January-06

April-06

July-06

October-06
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