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Summary In Iraqi Kurdistan region, with an intensive solar radiation and high vapor pressure deficit, particularly during the summer season, evaporative losses constitute a substantial amount of total stored water. One of the problems with the direct measurement of evaporation is that a network of evaporimeter which is difficult and expensive to install and maintain properly. Furthermore, many attempts were made to estimate evaporation values from various climatic variables. Some of these methods are valid only under specific climatic and agronomic conditions, and they cannot be applied under conditions which are different from those they were originally developed for. Additionally, several techniques were implemented to limit evaporation from free water surfaces during the recent decades. The use of any technique requires more information on their technical efficiency and economic viability under the conditions of the region under study. Therefore, the current study was initiated at Bakrajow site to quantify and estimate evaporation losses besides testing the performance of some selected treatments for mitigating such losses. To target the above objectives a series of sequential experiments were implemented during some selected rainless months of 2015 and 2016 using evaporation pans. Each experiment was laid in completely randomized design. The treating materials encompassed indigenous and non indigenous ones. Additionally, meteorological parameters were obtained for the test periods to relate pan evaporation to these parameters on one hand and to estimate pan coefficients from them. On the other hand in the light of the above study, the main results can be summarized as follows: 1. The water loss due to evaporation was substantial in the region under study. Based on the gathered data during 2016, the total depth of water loss during the three summer months ( June through August ) amounted to 1.13 m. 2. The pan coefficient (Kpan) ranged from a minimum of 0.45 to as high as 0.82 and the Kpan values for the remaining months fell between these two extremes.The overall average value for the study period was 0.62. 3. Amongst the meteorological parameters, the daily maximum temperature exhibited the strongest correlation with the daily pan evaporation ( r = 0.471 ), by contrast, the relative humidity offered the weakest correlation with pan evaporation ( r = 0.106).



i



4. Amongst several models for estimating Kpan, the Raghuwanshi and Wallender (1988) model offered the highest performance and the modified Snyder (1992) model offered the second highest performance. 5. The small plastic balls as covering materials (Diameter = 40 mm) offered the highest percent evaporation reduction (60.81%) compared to those under large balls and the combination of these two sizes. 6. Comparison of four indigenous plant parts as shading cover, namely, reed stems, Washingtonian fronds and date palm mat, showed that the date palm mat was the most effective material for reducing evaporation. 7. It was noticed that cardboards offered the highest performance compared with two other covering or shading materials (Cork disk and licorice branches) for reducing evaporation. 8. There was not a steady reduction in evaporation rate with an increase in monolayer application rate. The maximum reduction in evaporation rate occurred at an application rate of 0.226 g pan-1 day-1 ( 23.75%). 9. The order of preference of some screened treatments under the same atmospheric evaporation demand was: Small balls > Date palm mat > Monolayer > Control 10. It was also noticed that the monolayer offered a higher performance during the field tests compared to that obtained during the pan evaporation experiments.
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CHPTER ONE INTRODUCTION Water is vital for the existence of all living organisms, but this valued resource is increasingly being threatened as human populations grow and demand more water of high quality for domestic purposes and economic activities (UNEP-GEMS, 2000). The extremely high rate of evaporation from water surfaces in arid and semi-arid regions greatly reduces optimal utilization of water reservoirs (Al-Saud, 2010). In these regions, evaporation implies a complete loss of water resources into the basin scale. For both scientific and social reasons, a reliable estimate of loss due to evaporation is thus needed for improved management of water resources ( Martínez-Granados et al., 2011; Massuel et al., 2014). Evaporation, as a major component of the hydrologic cycle, is important in water resources development and management since it affects the yield of river basins, the capacity of reservoirs, the consumptive use of water by crops and the yield of underground supplies (Goyal et al., 2014). In Iraqi Kurdistan region and in many parts of the world, where availability of water resources is scarce, the estimation of evaporation loss is very important for the planning and management of irrigation practices, and these losses should be considered in the design of various water resources and irrigation systems (Tabari H, 2010). Further, the pan evaporation data is very useful in estimating evapotranspiration



(from



agricultural crops) and losses (from reservoirs and lakes) as it combines accumulated effect of all meteorological parameters and, thereby, it can be used as a climate index for a particular region (Tomar, 2014). A number of researchers have attempted to estimate evaporation values from various climatic variables (Vallet-Coulomb et al., 2001; Gavin and Agnew, 2004). most of these methods require data that are not easily available. Furthermore, some of these methods are valid only under specific climatic and agronomic conditions, and they cannot be applied under conditions which are different from those they were originally developed for. One of the challenges of water management in arid and semiarid regions is to reduce the huge amount of water loss through evaporation from water surfaces of dam reservoirs and lakes due to extremely high evaporation rates (Gokbulak and Ozhan, 2006; Craig, 2008).



1



Chapter One



Introduction



Among the various techniques for reducing evaporation loss, mechanical devices, such as shed clothes and floating covers, have demonstrated their effectiveness for small storages, but they are not feasible for large areas of water such as reservoirs (Panjabi et al., 2016). For large storage, the use of mono-molecular layers have the potential to be an attractive and costeffective solution to reduce evaporation. The present research is mainly focused on the selection of the best available and the most feasible technique considering Iraqi Kurdistan climatic conditions for reduction of evaporation from free water surfaces. In view of the above considerations, this study was conducted with the following objectives: 1. To quantify evaporative losses from ( FWS) free water surfaces in the area under study. 2. To predict the amount of evaporative losses from water surfaces by using meteorological data in the area under study. 3. To determine pan coefficient ( Kpan ) in the area under study based on pan evaporation and reference evapotranspiration data. 4.To select the most appropriate model for estimating Kpan. 5. To test the performance of some techniques for reducing evaporation 6. To extrapolate the results obtained from evaporation pan to larger water bodies.
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CHAPTER TWO LITERATURE REVIEW 2.1 Need for Water Resources Conservation Across the world, fresh water is valued as the most critically important natural resource, as it is required to sustain the cycle of life (Schouten, et al., 2012). They also showed that evaporation is one of the primary environmental processes that can reduce the amount of quality water available for use in industrial, agricultural and household applications. Dawood et al. (2013) reported that evaporation of water from reservoirs, rivers and agricultural fields results in major losses of critical water resources, especially in arid regions of the world. In this region, evaporation can account for as much as 25 to 30% of the total consumptive use of surface water. Also, Yahya (2000) reported that evaporation was a serious problem and evaporation control is difficult than seepage control in water harvesting systems. Additionally, Gökbulak and Özhan (2006) revealed that one of the most effective water loss processes is the evaporation from natural bodies such as lakes or artificial water bodies such as dams. Although much effort, time and money are invested in storing water in these reservoirs, evaporation occurs often in large quantities. For example, in the late 1950s, total evaporation from water surfaces in the United States was greater than the total amount of water withdrawn for domestic purposes by cities and towns (Eaton, 1958). Since the problems as environmental degradation, drought, and population pressures are evident in semi-arid and arid areas (Yahya, 2000), there is an urgent need for water management. Schouten et al. (2012) demonstrated that numerous water saving mechanisms have been developed and tested over the past century to safeguard against the influence of droughts and to save water from being lost to the evaporative process. Water conservation can positively affect the reliability of water supplies during periods of high demand such as the summer months and during droughts (Anwar, 2009). An array of technologies exists to increase water supplies in the area including groundwater development, reservoir storage, evaporation suppression, vegetation management etc. (Brooks et al., 1997; Cech, 2003). Saggai et al. (2013) reported that efficient use of stored water is highly desirable, but often a large proportion of it is lost by evaporation. Further, Cooley (1983) stated that conserving water contained in existing storage facilities is, in some situations, the most economical means of providing adequate water supplies. He also showed that water lost 3
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by evaporation from open water surfaces may equal or exceed that used beneficially and reducing evaporation losses is particularly desirable for several reasons: water in the storage facility requires no additional transportation, pumping or collection is expense, good-quality water is maintained because salts are not concentrated and finally no risk is involved in attempting to develop a new supply.



2.2 Significance of Evaporation Studies Evaporation and evapotranspiration processes as major components of the hydrologic cycles play a vital role in agricultural and hydro-meteorological studies (Sabziparvar et al., 2010). Barnes (2008) pointed out that one major source of water loss comes from evaporation of water from open storages. In Queensland, for example, the decrease in water level attributed to evaporation averages about 2 m/year. Tomar (2014) pointed out that knowledge about variation and magnitude of evaporative losses is needed in assessment of irrigation efficiency of existing projects, crop yields forecasting model, ecosystem modeling, irrigation management, planning and management of water resources, preparation of river forecasts, quantification of deep percolation losses under existing water management practices, reservoir design, river flow forecasting, water balance computation, water supply requirements of proposed irrigation projects, etc. Cooke III et al. (2008) revealed that it was also an important dynamic variable that should be considered when modeling fire potential and making crop management decisions. 2.3 Basic Concepts Evaporation can be simply defined as the process of transfer of water vapor from liquid or solid state into the gaseous state through the transfer of heat energy from the water surface due to the concentration gradient of water vapor in the water surfaces and air stream (Tomar, 2014). Dalton (1802) cited in Lurie and Michailoff (1936) was the first to experimentally establish the basic law of evaporation from free water surfaces-namely, that the rate of evaporation is proportional to the difference between the pressure of the water vapor for the temperature at which it evaporates and the partial pressure of water vapor in the air. On the other hands, Barnes (1993) reported that the rate of evaporation is governed by the driving force for evaporation and the total permeation resistance of the transport pathway in an equation analogous to Ohm’s law for electrical conduction: 4
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ΔC Ceq  Cv  r r



[2-1]



Where J is evaporative flux. With SI units J is in mole ( or kilograms) per second per square meter. Ceq is the equilibrium vapor concentration for the surface layer of water in mole or kg m-3 Cv is the actual vapor concentration in the atmosphere some distance above the surface in mole or kg m-3. r is the total permeation or evaporation resistance in s m-1 . Archer and Mer (1955) have shown that the total resistance can be increased by100 – 300 sm1, a quantity called the monolayer resistance ( rm) due to an appropriate choice of a monolayer. For a monolayer free surface, the total resistance is denoted by rw (w for water), while for a monolayer-covered surface, the total resistance is rf (f for the film) where: rf = rw + rm



[2-2]



The spreading of a suitable monolayer on the water surface will increase the total evaporation resistance by an amount that depends upon the nature of the monolayer substance, the surface pressure and the temperature (Gaines, 1966; Barnes, 1993). Henry et al. (2010) showed that the evaporation resistance of a monolayer is an additional resistance offered by the monolayer to the overall resistance of movement of water molecules from the liquid to the vapor phase and can be represented by: r = c expE/RT



[2-3]



E is the activation energy for permeation of the monolayer, R is the gas constant, T is the temperature and c is a constant. 2.4 Factors Affecting Evaporation from Free Water Surface 2.4.1 Air temperature Experiments with heated water show that evaporation does increase with temperature of the water surface ( Linsley et al., 1975). This is a direct result from the increase in vapor pressure with temperature. Al-Saud (2010) found that the relation between air temperature (x) and evaporation (E) can be expressed by an exponential relationship (E = 1.54 e0.061 x ). The model 5
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indicated that there is a direct correlation between air temperature with daily pan evaporation rates. 2.4.2 Atmospheric pressure Atmospheric pressure is very much related to other factors affecting evaporation. It is, therefore, difficult to assess its effect separately (Sinha et al., 2006). With high pressure, there are more chances that vapor molecules escaping from the water surface which will collide with an air molecule and rebound into the liquid. Hence evaporation would be expected to decrease with increasing atmospheric pressure ( Linsley et al., 1975). 2.4.3 Relative Humidity Kahalekar and Kumawat (2013) revealed that pan evaporation rates decrease as humidity increases and there is an inverse correlation between average daily relative humidity with daily pan evaporation rates. Shrivastava (2001) developed a statistical relationship between pan evaporation and the meteorological parameters. From the analysis, it was revealed that morning relative humidity and the maximum temperature have a significant influence on the rate of evaporation. The highest correlation value was obtained with maximum relative humidity (R2 = 0.95) followed by the maximum temperature (R2 = 0.94).



2.4.4 Wind speed Experimental studies of the relationship between wind speed and evaporation show a direct relationship up to a certain value of wind velocity beyond which perhaps the relationship does not hold well. Factors like surface roughness and dimension of the water body reported having an important role to play (Sinha et al., 2006). Roderick et al. (2007) used a 30-year time series of pan evaporation data ( Epan) at 41 Australia stations. They reported a decreasing trend for Epan mostly due to decreasing wind speed and some regional contributions from decreasing solar radiation. McVicar et al. (2008) also reported a negative trend of about 0.009 m s-1 per year and agreed with an earlier site-based studies over Australia.



2.4.5 Solar radiation Roderick et al. (2009) reported a decline in pan evaporation in terms of top-of-atmosphere radiative forcing ( 4.8 W m-2) due to doubled CO2. Alam and AlShaikh (2013) noticed that water bodies in arid regions can be subjected to high evaporation losses due to energy advection or extra energy input from the dry surroundings. 6
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2.4.6 Colour Hassan et al. (2007) reported that changing water color can be used as a technique to decrease evaporation losses from open water surfaces. The reflectance from a surface is generally related to its color, i.e., white or light-colored materials have a reflectance (Cooley, 1983). Thus, it is desirable to make the surface as light colored as possible. Further, they showed that the application of colorants modifies the albedo of water.. 2.4.7 Pan-Fetch Effects Studies by Ramdas (1957) and Pruitt (1966) provided clear evidence that unless the local environment of the pan was taken into account, the estimation of lake evaporation was subject to error up to 35%. Studies on evaporation from Class A pan vs. upwind fetch of irrigated grass 0.07 to 0.15 m tall revealed that there was a linear decrease in evaporation rate with an increase in upwind fetch of irrigated grass over some of 200 m (Jensen, 2010). Sabziparvar et al. (2010) made an attempt to determine the pan coefficient from several models for estimation of reference crop evapotranspiration in cold semi-arid and warm arid climates. During this study, the upwind fetch distance of low-growing vegetation was assumed to be 10 m. 2.4.8 Water quality Experimental studies showed that the rate of evaporation decreases with an increase in salt content of water and found that evaporation from seawater is 2 to 3% less as compared to fresh water when the other conditions are the same (Sinha et al., 2006). Linsley et al. (1975) reported that the evaporation rate decreases about 1 percent for each 1 percent increase in specific gravity until crusting takes place, usually at a specific gravity of about 1.30. They also showed that turbidity appears to have no noticeable effect on the evaporation rate. 2.4.9 Other relevant factors affecting evaporation rate The rate of evaporation is also affected by factors other than mentioned in the previous subsections. Ikweiri et al. (2008) showed that open or free evaporation rates are also affected by shape, size, and situation of evaporating body as well as the relative depth of the evaporating body.
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2.5 Evaporation Quantification Jones (1992) reported that evaporation was rarely measured directly, even in small water bodies. It is usually estimated by association with measured evaporation from evaporation pans or calculated by water balance, energy balance, mass transfer or a combination of energy balance and aerodynamic techniques. Jensen( 2010) demonstrated that the selection of the best technique to use for a particular computation is largely a function of the data availability, type or size of the water body, and the required accuracy of the estimated evaporation. 2.5.1 Water budget procedure The water budget procedure is a simple procedure for computing evaporation for monthly, seasonal or annual time periods (Jensen, 2010). All the terms in the water balance, except for evaporation, are either measured or estimated with the evaporation computed as a residual. The water balance equation can be expressed in term of depth or volume of water evaporated from the surface per unit time as: E = Pr +R + Qi +Ggw + Di – Qo- Do - S



[2-4]



Where E is the amount of water evaporated, Pr is the precipitation on the water surface, R is the inflow from the drainage basin, Ggw is groundwater inflow, Do is diversion out of the boundary, Qi and Qo are major channels flows into and out of the water body and S is the change in water body storage. 2.5.2 Aerodynamic methods Aerodynamic methods are among the most widely applied techniques to calculate evaporation from large lakes and reservoirs (Jensen, 2010). As with the water balance procedure, the evaporation is computed as a residual. They also clarified that this procedure is the most dataintensive of the standard evaporation procedures, but it has wide applicability to many differing water bodies for time periods of minutes to years. The energy balance for a water body may be expressed as:



Qt  R n 



λ ρw E  H  Q v  Qw 1000



[2-5]
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Where Qt is the change in energy stored in water body in MJm-2 t-1, Rn is the net radiative energy to the water body in MJm-2 t-1,



λ ρw E is the energy utilized by evaporation in MJm1000



t , w is the density of water in kg m-3,  is the latent heat of vaporization in MJ kg-1, E is



2 -1



the evaporation rate in mm t-1, H is the energy convected from the water body as sensible heat in MJm-2 t-1, Qv is the net energy advected into the water body by stream flow or groundwater in MJm-2 t-1, and Qw is the energy advected by the evaporative water in MJm-2 t-1 2.5.3 Combination methods Jensen (2010) reported that the combination of the aerodynamic and energy balance procedures is desirable for many applications. The most common combined equations were those derived by (Penman, 1948; Penman, 1956). The general form is written as: λE 



Δ( R Q )  γ E n t a Δ γ



[2-6]



where E is the latent heat of evaporation in MJm-2 t-1,  is the psychrometric constant in KPa C ,  is the slope of the saturation vapor pressure curve at Ta in kPa oC-1., ( Rn – Qt) is the



o -1



net radiation minus the change in energy storage in MJm-2 t-1, and Ea is a bulk aerodynamic expression in MJm-2 t-1 containing an empirical wind function:



E  6.43 (aw  b w u z )(eo z  e z ) a Where aw and bw are empirical wind function coefficients and uz is the wind speed at the z height (ms-1). Variables eoz is the saturation vapor pressure and ez is the actual vapor pressure at height z. The value of 6.43 is for E in MJm-2 day-1. For E in MJm-2 h-1, the factor becomes 0.268. 2.5.4 Empirical evaporation equations A large number of empirical equations are available to estimate evaporation from free water surface using commonly available meteorological data ( sinha et al., 2006; Subramanya, 2013). They are based on Dalton’s law, which may be written as follows ( Michael, 1978): E = ( es – ed) f(u)



[2-7]



Where : E is evaporation rate es is saturation vapor pressure at the temperature of the evaporating surface, mm Hg.ed is saturation vapor pressure at the dew point temperature of the atmosphere, mm Hg. f(u) is a 9
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function of wind velocity.This relationship has been the basis of a variety formula, many of which merely introduce a wind correction factor (Linsley et al., 1975). 2.5.4.1 Meyer’s Formula The Meyer's formula according to (Subramanya, 2013) can be expressed as:



u E  K ( e e ) (1 9 ) L M w a 16



[2-8]



Where: EL is lake evaporation ( mm day-1), ew is saturated vapor pressure at the water surface temperature ( mm Hg), ea is actual vapor pressure of the overlying air at a specified height( mm Hg), u9 is mean monthly wind speed in km hr-1 at a height of about 9 m above the ground and KM is a coefficient accounting for various other factors with a value of 0.36 for large deep waters and 0.5 for small shallow waters. 2.5.4.2 Horton formula Horton adapted Dalton’s formula by introducing wind speed function as a power function to give an expression for daily evaporation a cording to (Linsley et al., 1975) in the form: 



Ea  c  2  e 



 - 0.2 v w  e  e   w a 







[2-9]



Where pressures are in inches of mercury and wind speed ( vw) in miles per hour. Horton suggested a value of 0.36 for c in the case of a pan 12 in square . 2.5.4.3 Rohwer’s formula Rohwer’s formula considers a correction for the effect of pressure in addition to the wind speed effect and is given by (Subramanya, 2013), as below:



E  0.771 (1.465 0.000732 pa )( 0.44 0.0733 u o) ( ew  ea ) L



[2-10]



In which EL, ew and ea are as defined earlier in Eq. (2.8), pa is mean barometric reading in mm of mercury and uo is mean wind velocity in km h-1 at ground level, which can be taken to be the velocity at 0.6 m height above ground (Subramanya, 2013). 10
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2.5.4.4 Harbeck et al.(1952) formula Harbeck et al. (1952) derived a formula, which was known as Lake Hefner equation: E = 0.00177 w (eas –ea)



[2-11]



Where w is wind speed and eas is maximum vapor pressure and the remaining symbols retain the previous meaning. 2.5.4.5 Dingman (1994) formula Dingman (1994) also derived a formula to estimate the rate of evaporation. The formula is expressed as: E = KE Va ( eas –ea)



[2-12]



E is Predicted evaporation rate cm day-1 eas and ea are vapor pressures ( mb) at the liquid surface and in the air. where KE is Mass transfer coefficient = 1.26 x 10-4 s/mb-day and Va is measured wind speed (cm/s). 2.5.4.6 Swamee et al.(2002) formula Swamee et al. (2002) derived a formula for estimating evaporation loss from water in irrigation canals. The formula takes the following form:



  17.27 θ   17.27 θ    8 w a     E  2.262x10 1  0.25 U exp  Rh  2   273.3  θ   273.3  θ   w a    











[2-13]



Where w = water surface temperature in oC, ais mean air temperature in oC, Rh is relative humidity expressed as fraction, U2 is wind velocity in m/s at 2 m above the free surface, E is evaporation discharge per unit surface area in m/s
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2.5.4.7 Gosh and Sarkar formula In India, Ghosh and Sarkar made attempts to develop equations, correlating evaporation with meteorological factors like temperature, the degree of saturation of water vapor, wind velocity, and atmospheric pressure. The following equation for calculation of pan-evaporation from meteorological factors as suggested by them is ( Sinha et al., 2006):



E= (1.3684-0.0189 B) (0.41+0.136 U) (es-ed),



[2-14]



Where: E is daily evaporation in inches B is mean barometric pressure in inches of mercury, U is mean velocity of ground wind in miles per hour, es is Mean vapor pressure of saturated air at the temperature of the water surface in inches of mercury. ed is mean vapor pressure actually present in the air in inches of mercury. 2.5.4.8 Other empirical formulas for estimating evaportion from free water surfaces There are other formulas for estimating evaporation from free water surfaces. They are based on available meteorological data. Examples of such empirical models are Harbeck and Kohler (1958) and FitzGerald Model, 1886 cited in Linsley et al. (1975). 2.6 Pan Evaporation Modeling A number of researchers have attempted to estimate evaporation values from various climatic variables (Burman, 1976; Gavin and Agnew, 2004) and most of these methods require data that are not easily available. Furthermore, some of these methods are valid only under specific climatic and agronomic conditions, and they cannot be applied under conditions, which are different from those they were originally developed for. Simple methods that have been reported (Stephens and Stewart, 1963) who tried to fit a linear relationship between the explanatory variables. However, the process of evaporation is highly non-linear in nature, as evidenced by many of the estimation procedures (Sudheer et al., 2002). Singh et al. (1992) the investigated relationship between evaporation from US Class A open pan evaporimeter and meteorological parameters at Hisar. Wind velocity, sunshine hours, mean air temperature and solar radiation were positively correlated with evaporation, and relative humidity was negatively correlated with evaporation. The highest correlation value (r = -0.78) was obtained with relative humidity. Tomar ( 2014) found that best performance indicators for predicting
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Epan both on the weekly and monthly basis are maximum relative humidity followed by wind velocity, maximum air temperature and sunshine hours. Gundalia and Dholakia (2013) noticed a significant relationship between mean daily air temperature and observed mean daily pan evaporation in monsoon season in middle south Saurashtra region of Gujarat State (India). They showed that prediction of Epan with the help of mean air temperature will lead to the minimization of the time, cost, and equipment maintenance necessary for onsite monitoring and will also help researchers to use data from other sources . Jhajharia et al. (2009) examined the influence of different meteorological parameters on Epan at Agartala, India using the linear and exponential methods and concluded that the wind speed and mean temperature have positive and significant influence on Epan. Chu et al. (2010) used wind tunnel experiments to investigate the wind effects upon the evaporation rate of the Class A evaporation pan and found that the evaporation rate increased as the wind speed increased. 2.7 Pan Coefficient Modeling Sentelhas and Folegatti (2003) reported that there is



one common method to estimate



potential evapotranspiration (ETo ) which is is converting the class A pan evaporation (Epan) into ETo by using a pan coefficient ( Kpan). Small errors in prediction of Kpan value may result in incorrect estimation of ETo value. Therefore, accurate prediction of Kpan is essential for exact estimation of ETo value (Sabziparvar et al., 2010). Conceição (2002) showed that the pan coefficient values vary with climate conditions. Therefore, it is necessary to determine the proper model for estimation of Kpan in every interested climate. Sabziparvar et al. ( 2010) pointed out that there are several models to estimate Kpan, all of them use mean daily data of wind speed (U), relative humidity ( RH) and fetch length (F).Sentelhas and Folegatti (2003) estimated ETo for a semiarid region in Brazil from Class A pan evaporation data after using different models to determine Kpan . Upon comparing the estimated ETo values with those measured by weighing lysimeter, they concluded that the best models to estimate Kpan was Pereira et al. (1995) and Cuenca (1989) models. Conversely, Gundekar et al.( 2008), concluded that the, Snyder ( 1992) was the best Kpan model for a semiarid region in India. They reached at this conclusion after comparing the estimated ETo with calculated values by PMF-56 method. On the other hand, Sabziparvar et al. ( 2010) showed that for the cold semiarid climate condition, the best Kpan models for estimation of ETo were Orang (1998) and Raghuwanshi-Wallender (1998). Also, the Snyder and Orang models were best-fitted models for the warm arid climate. The findings of Kaya et al. ( 2012) in Agdir, Turkey, showed that 13
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among six models for estimating Kpan, namely, Cuenca (1989), Snyder ( 1992), Orang (1998), Allen and Pruitt (1991), Raghuwanshi and Wallender (1998) Pereira et al. (1995), Eaton (1958), Allen and Pruitt (1991) provided the best result. However, Doorenbos and Pruitt ( 1977) presented a table showing Kpan values in various ground cover types surrounding the pan. In this table, the Kpan values range from 0.40 to 0.85. 2.8 Evaporation Suppression 2.8.1 Covering the water surface Covering the surface of water bodies with fixed or floating covers considerably retards evaporation loss. These covers reflect energy inputs from the atmosphere, as a result of which evaporation loss is reduced. The covers literally trap the air and prevent the transfer of water vapor to the outer atmosphere ( Sinha et al., 2006). The cover material can vary from porous shade screens to impermeable plastic (Alvarez et al., 2007). Gallego-Elvira, et al. (2010) also pointed out that physical structures such as floating or suspended matreial can minimize energy and mass exchanges between the water surface and the surrounding air and hence hinder the evaporation process. Craig et al. (2005) evaluated the efficiency of a porous shade cover over a shallow dam(3.8 ha, 3 m depth) located in south-eastern Queensland (Australia), where the evaporative demand is very high (2200 mm year-1). They achieved evaporation reductions up to 87% for summer months. In south-eastern Spain, Martinez-Alvarez et al. (2010) reported that the use a double black polyethylene cloth to reduce evaporation rate in an on –farm water reservoir resulted in the reduction of annual evaporation rate by 85%. Dawood et al. (2013) demonstrated that a cover can reduce evaporation by blocking incoming solar radiation incident upon the water surface, thus reducing thermal energy input into the reservoir surface waters, which in turn reduces the water surface temperature and the potential for evaporation. The cover also reduces surface wind action by lowering the vapor pressure gradient over water. The covers can also trap water vapor at the water surface that otherwise replaced by dry air. 2.8.1.1Fixed covers Fixed covers are suitable only for relatively small storages ( Sinha et al., 2006). Among the most efficient solutions, shading structures made of non-porous plastic films supported by a metallic frame are known to substantially reduce the impact of solar radiation and wind speed on the evaporation rate(Cluff, 1975). Alvarez, et al. (2006) reported that these structures suffered from their high investment costs and from their sensitivity to wind speed. Finn and 14
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Barnes ( 2002) showed that these drawbacks can be overcome by covering the water surface with porous shading meshes. 2.8.1.2 Floating Covers Floating covers provide a highly effective means of evaporation mitigation (Craig, 2007). Floating bodies lessening the mass and energy exchanges at the inter-phase water atmosphere (Daigo and Phaovattana, 1999). Some floating covers not only reflect more of the incoming radiation than does a water surface, but act as a physical barrier to evaporation (Cooley, 1983). Dawood et al.( 2013) demonstrated that unlike suspended covers, the floating covers are supported by water itself. However, they do need to be fixed on the water surface using some form of anchoring mechanism when used on large dams. Specifically,



studies



conducted by Jennison (2003) have shown that evaporative reductions ranging from 70 to 75% can be delivered by floating modular covers over an extended time period. Howard and Schmidt (2008) showed that floating covers, including modular and flat sheet covers that float on the water surface, can reflect a proportion of the incoming solar radiation and can act as physical barriers to the passage of water vapor both vertically and horizontally.



Figure 2.1Covering water surfaces with floating cover.
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2.8.2 Shading Al-Hassoun et al. (2009) carried out a study on impounding reservoirs, they found that the average reduction in evaporation using the floating cover made of palm leaves was 63% for fully covered pool, while for the half covered pool was 26% only. The findings of Alvarez et al.( 2006) revealed that shading of pan induced a significant decrease of daily evaporation rate, ranging from 50% for the aluminized screen to near 80% for the colored polyethylene meshes. Alam and Al-Shaikh ( 2013) observed that the average reduction in evaporation in pans covered with a single layer with palm fronds as a shaded cover was about 47% as compared with the evaporation from the open pan. However, the average reduction in evaporation in pans covered with double layer of the palm fronds was about 58% as compared with the evaporation from the open pan. 2.8.3 Monolayers Barnes (2008) revealed that for large areas of water surface, mechanical devices such as shade cloths and floating covers are not economical. For these largest storages, the use of spread monolayers to reduce evaporation has the potential to be an attractive and. costeffective solution. Monolayers are films that are one molecule thick formed at a phase boundary such as the air/water interface (Barnes and Gentle, 2005). Barnes (2008) reported that each molecule had both a hydrophilic and a hydrophobic part. Those amphiphiles that form insoluble monolayers at the air/water interface have hydrophobic parts that render the whole molecule insoluble in water, while the hydrophilic part serves to anchor each individual to the water surface and thus tends to prevent the molecules from piling on the top of another as in an oil drop. An effective evaporation suppression agent must possess several characteristics (Roberts, 1959). From the standpoint of the water for domestic use, it must be nontoxic and easily handled. It should be in a form that is readily applied to the reservoir surface and the cost should be reasonable. Monolayers are potentially most effective in conditions where the rate of evaporation is high (Barnes, 1993). Such conditions include hot dry weather, where the driving force is large because of a low humidity, the windy weather where the permeation resistance of the air is reduced by turbulence. Further, he showed that in hot conditions, monolayer material can be lost from the surface of evaporation. In windy conditions, the monolayer can be blown across the surface and collapses on the lee shore. Among the monolayer compounds examined, long 16
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chain fatty alcohols, especially hexadecanol (C15H31-CH2-OH) and octadecane ( C17H35 -CH2OH) exhibit excellent evaporation resistance (Barnes and La Mer, 1962). The evaporation resistance of most of the monolayers increases when the surface pressure increases (Barnes and Hunter, 1990). Increasing the water temperature tends to degrade the ability of film to reduce evaporation. The evaporation reduction also increases significantly with the chain length ( La Mer and Healy 1965). Impurities suppress evaporation resistancethe effect of impurities is especially significant at low surface pressure (Costin and Barnes, 1967) Use of monolayer has several advantages over other methods. It is economically feasible due to low cost of substance and availability. It mixes with water easily and when added to the large water surface, it forms a thin invisible film that reduces evaporation considerably. It decomposes easily and does not dissolve in water. The substance can be applied using boats or spray planes ( Al-Saud, 2010). McJannet et al. (2008) reported that studies on the effects of monolayers on evaporation go back nearly 100 years. of the literature revealed a large range of evaporation reduction values ( 0% -43%) as a result of the application of monolayers to water bodies. The differences for the duration of studies, type of product applied, water body characteristics ( e.g. size,depth, elevation, wave action). Evaporation estimation techniques and local climatic conditions make it difficult to define specific reduction rates from the application of monolayers. Vines (1962) used hexadecane on a large water storage tank and suppressed evaporation by 20 to 50% depending on weather conditions. Tang, et al. (1993) chose octadecanol (stearlyl alcohol), C17H35-CH2-OH as the surface film with ethanol as a spreading agent to reduce evaporation from a deep stationary water pool. Evaporation suppression of 60% was achieved at a water temperature of 25 oC with an air temperature of 20 oC and a relative humidity of 70 percent. Craig et al.( 2005) stated that monolayers like cetyl alcohol or stearly alcohol, spread over the water surface to create a film resulted in moderate evaporation reductions ( 10 – 40%). Barnes (2008) demonstrated that the limitations of this method are that the monolayer can be negatively affected by dust particles, interactions with dam bacteria and product displacement by wind drag. Upon reviewing the literature, he reported additional problems that have arisen in field applications. These problems encompass:



impurities and contaminants



in the monolayer materials,



vaporization of film material, inhibition of monolayer spreading and photodegradation 17
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Al-Saud (2010) conducted a pilot study to demonstrate the effectiveness of evaporation reduction on US Weather Class A pans adding fatty alcohol emulsion of two different concentrations of 100 and 200 g / 1000 m2day-1. He observed that evaporation was reduced up to 47 -50% as compared to without addition of emulsion. On the other hand, Kahalekar and Kumawat ( 2013) conducted a study to demonstrate the effectiveness of evaporation reduction on US weather class-A pans adding chemical films (cetyl and stearyl alcohols) of different concentrations of 50, 100 and 150 g m-2day-1. They concluded that evaporation was reduced up to 28% as compared to without addition of chemical films. 2.8.4 Other approaches A number of approaches have either been applied or considered by engineers and scientists in their attempt to reduce evaporation losses from the surface of water bodies ( Sinha et al, 2006). Among these methods are wind breaks, reduction of exposed water surface, underground storage of water and integrated operation of reservoirs (Sinha et al., 2006; Cluff, 1980). 2.9 Concluding Remarks Evaporation of water from reservoirs, rivers and agricultural fields results in major losses of critical water resources, especially in arid regions of the world. Chemical treatments have a low evaporation saving rate compared with using covers. Wind speed is the biggest factor controlling the performance of monolayers. The main advantages of chemical treatment are low initial setup cost and can be used over a large area.
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CHAPTER THREE MATERIALS AND METHODS 3.1 Description of the Study Area 3.1.1 Locations All the experiments with exception of the pond experiment were conducted within the enclosure of the college of Agricultural Sciences- University of Sulaimani at Bakrajow (35o 32  41 N, 45o 21  55 E) , which is about 8 km to the southwest of Sulaimani city. The latter is situated to the northeast of Iraq and to the east of Iraqi Kurdistan region (Fig. 3.1). The experimental site is about 756 m. Physiographically, the region is within the mountain region and technonically is within the high folded zone.



Figure 3.1 Location map showing the experimental sites.
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3.1.2 Climate The climate is of Mediterranean type, giving rise to cold and rainy winters and hot and dry summers. The area as a part of Iraqi Kurdistan region is characterized by large diurnal and annual ranges of temperature. The coldest and the warmest months of the year are January and July, respectively. Mean annual temperature amounts to 19 oC with a maximum in July ( 44oC) and a minimum in January (-3 oC) ). The mean annual rainfall of (20 years) is 683 mm distributed over rainy months sulaimani meteorological station. The rainfall has a unimodal distribution. The annual distribution shows a dry season lasting from June to September and a wet season from October to April. There is a surplus of water from mid of November to about mid of April. On the other hand, there is a water deficit over the remaining period of the year. Based on class A evaporation pan the region has a high evaporative demand of about 2020 mm/ year (Qadir, 2009).Wind directions are predominantly from southeast and north. On the basis of aridity index defined from the ratio of



mean annual precipitation to potential



evapotranspiration, the climate regime can be classified as semiarid (UNESCO, 1979). Further, it can be classified under Mediterranean, mild with dry and hot summer ( C sa) according to the scheme proposed by Koppen. Nevertheless, the climate is characterized by the occurrence of a marked dry season (around five months)



and by recurrent droughts



depending on the rainfalls.



3.1.3 Vegetation and land use Vegetation is diverse, but there is no mountain vegetation over most of the area. Even the smaller woody shrublets have been eradicated by the plough, wood cutter and fuel gatherer and most of the palatable perennials have been greatly reduced or eliminated by overgrazing. It includes mostly cropped lands and grazing lands, residential areas and marginal spots. Natural forest trees have been disappeared, but there are artificial trees planted on either side of the main roads and in the existing parks. Planted trees as windbreaks around the agricultural field cannot be observed. The spring aspect of the uncultivated lands is luxuriant grasslands dominated by Poa sp and Hordeum sp ( Guest and Al-Rawi, 1966). Also, there are a few deciduous shrubs over its southern part. They form open plant communities interspersed by a high variety of herbaceous species. The site under study is a part of a wide intermountain valley in Iraqi Kurdistan region. It has a high agricultural potential if properly managed. Most of the area is under dry farming; wheat and barley are the principal winter crops. the fallow system is practiced to a large extent. There are also scattered spots of irrigated lands. They are cropped with vegetables and 20
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orchards. The source of irrigation water is diverse including springs, perennial streams, sewage waters and shallow wells. 3.2 Pan Evaporometer Experiments 3.2.1 Site preparation Prior to the experiment setup, a flat area of about 80 m2 was selected, ground cover was removed, and the soil was raked smooth and level. To protect the experimental materials from birds, animals, the whole site was fenced using wooden poles and BRC Screen. A protection cover was also installed from the top to protect the pan contents from birds.



3.2.2 Pan evaporometer construction and installation Before initiating the experiments, 12 pan evaporometers were constructed of one millimeter thick galvanized steel sheet. They were similar to the US Class A pan developed by the US Weather Bureau. Each pan has a diameter of 1210 mm width 250 mm depth. They were placed in a level spot open to the maximum sunshine duration. To standardize installations and to permit circulation of air below the pan, each pan was placed on timbers such that its bottom was 15 cm above the ground ( Linsley et al., 1975). All the pans were filled with water to the same depth of 20 cm and the same water quality. Table 3.1 shows some chemical properties of the used water. The water depth was measured by a piece of a plastic ruler glued vertically to the pan wall instead of using a hook gauge.



Table 3.1 Some selected chemical properties of the water that has been used for filling the pans.



Parameters



Units



PH



Average value 7.24



EC



µ s cm-1



176.6



TDS



mg .L-1



210



Calcium (Ca2+)



meq. L-1



4.6



Magnesium(Mg2+)



meq. L-1



1.5



Bicarbonate(HCO3)



meq. L-1



2.5
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3.2.3 Experimental Setup The selected area was subdivided into three rows. The pans were installed with 4 pans per each row. The spacing between two pans in the same row was 50 cm . Also the rows were 50 cm spaced. (Fig 3.2.) shows the layout of the experiment setup also (Figure 3.3) displays the general view of the experiment site. R1



R2



R3



171 cm



Legend



Evaporation pan 171cm Legend



Evaporation pan



Figure 3.2 Layout of the pan experiments
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Figure 3.3 General view of the experimental setup.



Since it was impossible to evaluate the performance, a host of locally and non-locally available materials for evaporation reduction at a time, sequential experiments were conducted. During each test, several materials or a material with different levels was tested. 3.2.3.1 Experiment 1 The objective of this experiment was to assess the impact of plastic balls of different sizes on evaporation reduction from evaporative pans. Before initiating the experiment, each ball was covered with a thin coat of white paint. The experiment encompassed the following treatments (Fig 3.4): 1. Control ( without cover ) 2. Covering with plastic (tennis) balls 4 cm in diameter (small balls) 3. Covering with plastic balls 8 cm in diameter (big balls) 4. Combination of the above two sizes. The small balls were inserted into the spaces among the big balls (mixed) 23
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The water inside the evaporation pans was allowed to evaporate over a 20-days period between July 11 to July 30, 2015. Additionally, the recording data included daily measurement of water temperature with a thermometer at different time intervals at 9:00 pm.



Figure 3.4 Covering water surface with balls of different sizes under experiment 1.



3.2.3.2 Experiment 2 This experiment was similar to experiment 1 in all aspects except that the balls were replaced by locally available ( indigenous ) coverage materials. as follow (Fig 3.5): 1. Control (without cover) 2. Sheets of date palm (date palm mat) 3. Washingtonian fronds 4. Reed stems



Before initiating the experiment, circular sheets were made from each of the above materials having the same diameter as the pans and were tied up on wiring. It is worthwhile to mention that each material was applied with a thickness of one sheet. The experiment was run over a period of 22 days, between August 20 to September 10, 2015.
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Figure 3.5 Using different local materials for covering the water surfaces under experiment 2.



3.2.3.3 Experiment 3 This experiment was similar to experiment 1 in all aspects except that the balls were replaced by other locally (indigenous ) and non-locally available coverage materials. as follow: 1. Control (without cover) 2. Licorice weed branches (Liquorice) 3. Disks of cork, 3 cm in diameter and 1 cm in thickness (Fig 3.6). 4.Cardboard sheet.



Before initiating the experiment, circular sheets were made from each of the above materials having the same diameter as the pans and were tied up on wiring as mentioned earlier. It is worthwhile to mention that each material was applied with a thickness of one sheet. The experiment was run over a period of 27 days, between September 17 and October 13, 2015.



25



Chapter Three



Materials and Methods



Figure3.6 Covering water surface with cork disks under experiment 3.



3.2.3.4 Experiment 4 For this experiment, fatty alcohol emulsion was selected and sprayed over the water surface. The experiment comprised the following application rates: 0.0, 0.1, 0.2, 0.3 g of fatty alcohol m2day-1. The experiment was run over a period of 30 days between June 14 to July 13, 2016. 3.2.3.5 Experiment 5 After testing some selected locally and non-locally available materials for reducing evaporation during the period from July 11, 2015, to July 13, 2016, some effective ( screened) materials or levels were selected from the implemented experiments, and their effectiveness was examined under the same atmospheric external evaportivity during the test period July 21 to August 3, 2016, i.e., following the termination of the fourth Experiment .
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The screened treatments encompassed: small balls, date palm mat and fatty alcohol with an application rate of 0.229 g pan-1 day-1 along with the check treatment. It is remarkable to call attention to the fact that this experiment was similar to the previous experiments from all aspects except that the proposed treatments or levels are replaced by some effective treatments. The idea behind this experiment was to evaluate the performance of some effective (screened) treatments under the same atmospherical evaporation demand. This is because each of the four experiments had its own atmospheric evaporation demand. All the experiments mentioned before were the experiment was laid out in a completely randomized design with three replicates.



3.3 The Field (Pond) Experiment The specific objective of this experiment was to extrapolate the pan evaporation results to a larger water body. To achieve the above objective a pond experiment was conducted at Mergapan site which is about 38 km to the north of Sulaimani city center over a test period, August 7 to August 18, 2016. The tested storage was a rectangular parallelepiped basin (cuboid) with dimensions of 6.03 length m x 3.04 width m x 1.11m depth . Seepage was also measured because it was impossible to measure evaporation alone. water loss due to evaporation . EP = S + Ea [ 3- 2] Where is Ep is a apparent evaporation loss, S is a measured seepage Ea is actual evaporation loss The same pond was used to measure seepage over four days during which the pond surface was covered tightly with sheets of polyethylene. It is also notable that the same pond was considered as a control over 5 days during which the pond water was untreated. During the remaining days of the test period, the performance of the fatty alcohol at an application rate of 0.226 g m-2 day-1 was evaluated.



27



Chapter Three



Materials and Methods



Figure 3.7 General view of the storage basin at Mergapan.



3.4 Data Collection Besides recording daily water evaporation and water temperature at the different time interval during the periods of the conducted experiments, meteorological parameters, including air temperature, relative humidity, wind speed, sunshine durations were obtained from the nearby meteorological station at Sulaimani city center and from Bakrajow station and meterological station in college of Agriculture, the database of daily evaporation for the experiments are presented in tables A1 through A5 of Appendix A. Further, the database of the recorded meterological parameters are displayed in Tables B1 through B5 of Appendix B.
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3.5 Methods of Analysis The water that used for refilling the pans was from a nearby tank as a source of drinking water. Electrical conductivity of the applied water was measured with HANNA Instruments EC 215 Conductivity meter EC-meter Model and adjusted to 25 oC according to Hesse (1972). The Water pH was measured with portable pH-meter Model. The soluble ions and cations were measured according to the standard methods outlined by Richards (1954). The Calculation of Penman-Monteith potential evapotranspiration ( ETo) followed procedures outlined in Allen et al. (1998) using CROPWAT software version 8. 3.6 Statistical Analysis The data were subjected to analysis of variance ( F-test) Statgraphics software release plus 4. Following analysis of variance, least significance difference(LSD) and Dunnett significant difference, were used to compare the means of different treatments. The correlation coefficient among some selected variables were found using Microsoft Excel software. Additionally, the parameters of the to regression models for predicting pan evaporation were determined using IBM SPSS software version. 22.
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4.1 Water Losses Due to Evaporation Fig. 4.1 depicts the monthly average daily pan evaporation during some selected months of 2015 and 2016 at Bakrajow site. The database of figure 4.1 is shown in Tables A1 through A5 of Appendix A. It is evident from (Fig. 4.1) that the pan evaporation varied from as low as 7.06 mm day-1 in October 2015 to as high as 15.73 mm day-1 in July, 2015. Based on the measured data, the largest pan evaporation has occurred in June, July, and August. Further, based on the gathered data during 2016, the total depth of water loss in the three summer months (June through August) amounted to 1.13 m. The inference drawn from the obtained data showed that the water loss due to evaporation is substantial in this region, particularly during the summer months. This could be due to high temperatures, intensive solar radiation, and high wind speed (Table B1 through B5 of Appendix B) These figures highlight the urgent need to improve water management by developing new water-saving technologies, particularly in the agricultural sector . One of the challenges of water management in arid regions is to reduce the huge amount of water loss through evaporation from free water surfaces of dam reservoirs and lakes . Therefore the government should adopt the strategic plans for storage and maximum utilization of rainwater. It is interesting to note that the water loss was based on evaporation from pan evaporimeter, which is higher than the water loss due to evaporation from actual water surfaces of lakes and rivers. It was more useful to use floating pan evaporimeter instead of land evaporimeter. On advantage of pan, evaporation is that they incorporate all the physical effects ( Roderick et al., 2007).
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Time of the year Figure 4.1 Monthly average pan evaporation during some selected months of 2015 and 2016.



However, because of its nature, evaporation from water surfaces is rarely measured directly. A coefficient of 0.70 is applicable when water and air temperature are approximately equal ( Fekih et al., 2013). Comparison of pan evaporation data during the period of the current study with those recorded by the nearby by the meteorological station for the previous years indicated that the annual evaporation tended to increase over time due to global warming and the existing droughts. Contrary to these findings, it was observed that the evaporation of water as measured from pan evaporimeters has decreased in many regions of the world over the past half-century ( Lawrimore and Peterson, 2000). 4.2 Estimation of Potential Evapotranspiration from Pan Evaporation Measurement Table 4.1 displays the pan coefficient for some selected months during 2015 and 2016 at Bakrajow site. The potential evapotranspiration was estimated according to Penman-Monteith method, while the evaporation data were obtained from Colorado class A pan evaporimeters. It is evident from Table 4.1 that the Kpan ranges from a minimum of 0.45 during October 2015 to as high as 0.82 during August, 2015 and the Kpan values for the remaining months fell between these two extremes. The overall average value for the study period was 0.62.
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Table 4.1 Estimation of pan coefficient ( Kpan) for some selected months during 2015 and 2016 at Bakrajow site.



ETo (mm day-1)



Epan (mm day-1)



July



8.9



15.73



0.57



August



8.2



9.99



0.82



September



6.1



11.18



0.55



October



3.2



7.06



0.45



June



7.1



13.54



0.52



July



7.9



11.89



0.66



August



8.9



11.33



0.79



Year



Month



2015



2016



Overall average Kpan



Kpan



0.62



Additionally, it is apparent from the presented results that the Kpan tended to increase with the increase external evaporation. This implies that the hot months yielded higher Kpan compared with the cold months. These results are in concord with the findings of Sabziparvar et al. (2010), who observed that the mean annual Kpan for warm arid sites were approximately 32% larger than the corresponding Kpan coefficients derived for cold semi-arid sites. The mean annual pan coefficient for the cold semiarid and warm semiarid regions were 0.59 and 0.78, respectively. Application of pan evaporation is an appropriate method for estimation of evapotranspiration because of simplicity and ease of data interpretation and also precision in humid zones (Modaberi and Assari, 2014). Accurate estimation of Kpan to provide reliable estimates of potential evapotranspiration is needed for optimizing water use efficiency in the study area. This region lacks a high density of reliable meteorological networks. However, a small error in prediction of Kpan value may result in incorrect estimation of ETo values. Therefore, an accurate prediction is essential for exact estimation of ETo values. For further analysis, the potential evapotranspiration was plotted versus pan evaporation during the study period and the results are portrayed in (Fig. 4.2).
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It is noteworthy to mention that the regression line was forced to pass through the origin. In this case, the coefficient of the Epan represents the overall pan coefficient during a period from June to October. The Pan coefficient is estimated to be about 0.62. It is also obvious from (Fig 4.2) that the linear regression attributed about 50% of the variation in ETo to variation in Epan.
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Figure 4.2 Plot of potential evapotranspiration estimated by Penman-Monteith versus pan evaporation.



Indeed, the area under study experiences problems in the development of the regression equations because long-term records of pan evaporation data were scarce. No doubt, future research will concentrate on improving this situation once more data become available.



4.3. Correlation between Pan Evaporation and the Affecting Climatic Parameters Table 4.2 displays the Pearson’s correlation coefficient between the measured pan evaporation and the controlling meteorological factors. The results presented in Table 4.2 indicated that correlation of monthly average daily maximum temperature (Tmax) with measured Class A pan evaporation was markedly higher than those between measured pan evaporation and each of the remaining meteorological parameters. It was also shown that the strong relationship between Tmax and Class A pan evaporation supports similar findings of Clemence (1987).



33



Chapter Four



Results and Discussion



Table 4.2 The Pearson’s correlation coefficient between the measured pan evaporation



and the



controlling meteorological factors.



Number



1



2



3



4



5



6



7



Meteorological parameter Daily minimum temperature Daily maximum temperature Average daily temperature Relative humidity Wind speed at a height of 2 m Sun shine duration Solar radiation



Symbol



Unit



Correlation coefficient (r)



Level of significance (α)



T min



o



0.250



0.05



T max



o



0.471



0.01



T avg



o



C



0.431



0.01



RH



%



0.106



N.S.



U2



ms-1



0.440



0.01



n



hr



0.365



0.01



0.418



0.01



Rs



C



C



MJ m-2 day-1



Compared with other factors, the measured pan evaporation exhibited the lowest correlation with the monthly relative humidity ( r = 0.106). It is also apparent from Table 4.2 that the wind speed exhibited the second highest correlation with the measured pan evaporation and about the same as the correlation between average daily temperature and pan evaporation. Apart from this, Xu and Singh (1998) revealed that the vapor pressure deficit was best correlated with pan evaporation at all time-scales, while the wind speed was least correlated with pan evaporation. With no exception, all the influencing factors are positively correlated with pan evaporation. It is noteworthy to mention that the slightly positive correlation between pan evaporation and relative humidity was unexpected. The interaction between the relative humidity and the other influencing factors may be responsible for this inconsistency. It is also interesting to note that the relative humidity hardly exceeded 30% during the period of the measurement which lasted for 89 days. Xu and Singh (1998) showed that in general, 34
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the relative humidity is a good indicator of evaporation. However, it is seen that its importance decreases as the time-scale increases. Contrary to this result, Tomar (2014) showed that Epan can be fairly accurately predicted with maximum relative humidity followed by wind speed and maximum air temperature as they are a very highly correlated with observed Epan values which signify that these meteorological parameters play very important role in predicting Epan values. Further, he found that Epan values are inversely related to relative humidity (maximum and minimum) on both weekly and monthly basis. With two exceptions, all the factors were and very high significantly (P < 0.01) correlated with pan evaporation. The knowledge of the most important factors affecting monthly evaporation in each region can be used for a better management of water resources and agriculture planning. The data in (Fig. 4.3 ) revealed that the relationship between pan evaporation and Tmax can be represented by a



power function. This model attributed 22.4% of variation in pan



evaporation to variation in Tmax. The percent of relative error reached about 25%. On the other hand, linear multiple regression analysis showed that about 41% of the variation in pan evaporation can be attributed to variation in T max and wind speed.
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Figure 4.3 Plot of the relationship between pan evaporation and T max .
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4.4 Evaluation of Different Models for Estimating Pan Coefficient ( Kpan) in the Area under Study. Table 4.3 shows different models for estimating pan coefficients in the area under study. The database used for evaluating these models encompassed daily meteorological data of average air temperature (Tavg) in oC, daily pan evaporation (Epan) in mm, average daily relative humidity (%), average daily wind speed at 2 m height (U2) in km hr-1, the upwind fetch distance ( F) in m, the slope of vapour pressure curve () in KPa oC-1 and psychrometric constant () in kPa oC-1. In this study, F was assumed to be 10 m (Sentelhas and Folegatti, 2003). To evaluate the accuracy of each model, the estimated Kpan from each model was compared with the average Kpan obtained via regressing the potential evaporation obtained from Penman-Monteith method versus the measured pan evaporation during the selected months in 2015 and 2016. At this stage of the study, the only performance criteria used was the absolute deviation of the value of Kp estimated by each model and that obtained from the regression analysis. As can be seen from Table 4.3, the estimated pan coefficients by the majority of the suggested models were not statistically accurate to be used in pan-ETo conversion method. It is also obvious from this analysis that Raghuwanshi and Wallender (1998) model offered the highest performance and the modified Snyder (1992) model was the second highest performance. The absolute deviation of Kpan estimated by these two models from that obtained from regression analysis were 0.027 and 0.042 units respectively. These results support the finding of Sabziparvar et al. (2010), who observed that the Raghuwanshi and Wallender (1998) model performed the best for semiarid climate conditions. Conversely, the Orang (1998) model was the least performance. Other models which presented unacceptable results were Snyder (1992), Pereira et al. (1995), Cuenca (1989) and Allen and Pruitt (1991) models. Apart from these results, Modaberi and Assari (2014) concluded that the most appropriate pan evaporation coefficient for mordab plain region in Guilan province, Iran was that calculated by using the Snyder method. Comparison of the obtained Kpan values during this study was lower than those obtained in literature. The high evaporation rate due to an elevated temperature, intensive radiation, and high wind speed during the last decades, particularly during the period of the study may be the reason for relatively lower values of Kpan. An attempt was also made to examine higher values of fetch distance, but the K pan values were not changed significantly. For more reliable estimation of Kpan by regression analysis 36
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and evaluation of different models for estimating Kpan it requires a longer period of meteorological data. However, at the present time, Raghuwanshi and Wallender (1998) model is the most appropriate candidate for estimating Kpan. This will allow conversion of pan evaporation to potential evapotranspiration in this region and other regions with similar climatic conditions



Table 4.3 Different models for estimating pan coefficients in the area under study.



Kpan Model



Average



Formula Min



Max



Average Absolute



deviaiton 1. Orang ( 1998)



Kpan = 0.51206 - 0.00032 U2+ 0.002889 RH + 0.03188 Ln (F)-0.000107 RH Ln (F)



-1.520 0.504



0.023



0.596



0.425



0.610



0.525



0.094



0.381



0.662



0.535



0.084



0.880



1.147



1.043



0.424



0.442



0.647



0.577



0.042



0.573



0.825



0.754



0.135



0.485



0.619



0.592



0.027



Kpan = 0.475-0.000245U2 +0.00516 RH +



2.Cuenca (1989)



0.00118 F - 0.000016 RH2 - 0.00000101 F2 2



2



- 0.000000008 RH U2 -0.00000001 RH F



3.Allen and Pruitt (1991)



4. Snyder (1992)



Kpan = 0.108 - 0.000331U2 + 0.0422 Ln(F)+0.143Ln(RH)0.000631((ln(F))2Ln(RH) Kpan = 0.482+[0.24Ln(F)]-0.000376 U2 + 0.0045RH



5.Modified



Kpan = 0.0.5321 - (0.0003 U2 ) + 0.0249



Snyder(1992)



Ln(F) + 0.0025 RH



6.Pereira et



Kpan= 0.85 (∆+ ) / [∆ +



al.(1995)



(1 + 0.33 U2)]



7.Raghuwanshi



Kpan = 0.5944+ 0.0242 X1 -0.0583 X2 -



and



0.1333 X3 -0.2083 X4 + 0.0812 X5 +



Wallender(1988) 0.1344 X6
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4.5 Approaches to Mitigate Evaporation from Free Water Surfaces 4.5.1 Evaporation suppression as affected by covering



the water surface with plastic



balls of different sizes during experiment 1. Fig. 4.4 portraits the fluctuation of the daily pan evaporation as affected by covering the water surface with balls of different sizes during experiment 1. Generally, it can be elucidated from (Fig.4.4) that the daily water evaporation under treatments exhibited similar trends. A high fluctuation can be observed approximately during the first and the last week of the experiment. This means that the daily pan evaporation cycle repeats itself with considerable changes. A high jump in pan evaporation can be observed during 4 and 18 days from the commencement of the experiment.
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Figure 4.4 Pan evaporation as affected by covering the water surface with ball of different sizes.



As indicated in (Fig. 4.4) on a given day, the pan evaporation under the control treatment was superior to those under the covered water surface irrespective of the type of treatment. To go more deeply into the analysis, the cumulative pan evaporation was plotted against elapsed time and the results were displayed in (Fig. 4.5) As can be noticed from (Fig. 4.5), the cumulative evaporation increased linearly with an increase in time irrespective of treatment. Under any treatment, the linear relationship explained about cent percent of the variation in cumulative evaporation on account of variation in time.
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Figure 4.5 Cumulative pan evaporation as affected by covering the water surface with plastic balls of different sizes during experiment 1 .



However, it was observed that the pan evaporation was reduced in the following order: Small balls > Combination balls > big balls > Control Close examination of Table 4.4 shows that the predicted average rate of evaporation during the period of the experiment were 15.54, 6.22, 8.49 and 7.85 mm respectively



Table 4.4 Regression analysis showing the relationship between cumulative evaporation and elapsed time during experiment 1.



Regression equation



R2



Average rate of Predicted evaporation (mm day-1)



1. Control



Epan = 0.936 + 15.54 t



0.998



15.54



2.Smal balls



Epan = -0.532+ 6.224 t



0.996



6.22



3. big balls



Epan = 0.203 + 8.489 t



0.996



8.49



4. Combination of small and big balls



Epan =-2.049+7.847 t



0.997



7.85



Treatment
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Dunnett’s t–test revealed that the pan evaporation under any of the applied treatments differed high significantly from that under the control treatment. The percent of reduction ranged between a minimum of 47.14 to 60.81%. It is praiseworthy to mention that among above treatments, small ball with a diameter of 4 cm can be considered as an effective candidate as a suppressant mean for reducing evaporation from free water surfaces.



Table 4.5 Summary of Dunnett's t-test and percent of reduction in daily evaporation rate due to different treatments over control in experiment 1.



Percent of reduction



Average



Absolute



evaporation



difference



rate(mm day-1)



|Ti-T1|



Control (T1)



15.73



0.00



0.00



Small balls (T2



6.17



9.57



60.81



big balls ( T3)



8.32



7.42



47.14



Mixed (T4)



7.71



8.03



51.02



Treatment( Ti)



with respect to control = [100 |T1Ti|] /T1 ]



D(0.05)  t  Dunnett (3, 8, 0.05 )



2 MSe  2.94. r



2 x 0.542  1.77 3



D (0.01)  t  Dunnett (3, 8, 0.01)



2 MSe  4.06. r



2 x 0.542  2.44 3



4.5.2 Evaporation suppression as affected by covering the water Surface with different local materials during experiment 2. Fig. 4.6 shows daily pan evaporation under shading by different plant materials over a period of 22 days from August 20 to September 10, 2015. It is evident from (Fig. 4.6) that the daily pan evaporation is characterized by a high fluctuation over the study period. This is particularly true under the control treatment. The high oscillation may be due to the fluctuation in external evaporatively or fluctuation in the evaporation controlling factors, mainly air temperature and wind speed. In addition, it can be noted that the drawn curves tended to overlap to a higher extent compared with those of Experiment 1.
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Figure 4.6 Pan evaporation as affected by treatment with different local materials during the



period of



experiment 2.



To further evaluate the effectiveness of different shading materials, the cumulative evaporation was plotted versus elapsed time under the employed treatments. It can also be observed that there was a marked reduction in pan evaporation under date palm mat shading followed by Washingtonian fronds. However, daily evaporation under the treatments can be arranged in the following descending orders: Control > Reed stems > Washingtonian fronds > Date palm mat . Also, it is evident that the linear model attributed about 99% of the variation in cumulative pan evaporation to variation in time (Table 4.6)
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Time (days) Figure 4.7 Cumulative pan evaporation as affected by covering the water surface with different indegeneous materials during experiment 2.



Table 4.6 Regression analysis showing the relationship between cumulative evaporation and elapsed time during experiment 2.



Treatment



R2



Regression equation



Average rate of the Predicted evaporation (mm day-1)



1.Control



Epan = 0.476 + 10.57t



0.987



10.57



2. Date palm mat



Epan = 1.85 + 4.295 t



0.986



4.295



3. Washingtonian



Epan = 5.727 + 6.394 t



0.986



6.394



Epan = 1.282+ 6.902 t



0.989



6.902



fronds 4. Reed stems



Daily pan evaporation under both ornamental Washingtonian fronds and date palm mat treatments differed high significantly (P  0.01 ) from that under control treatment, whilst the pan evaporation under reed stem differed significantly (P  0.05) from that under control treatment (Table 4.7)
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Table 4.7 Summary of Dunnett's t-test and percent of reduction in daily evaporation rate due to different treatments over control in experiment 2.



Percent of



Average



Absolute



evaporation



difference



rate ( mm day-1)



|Ti-T1|



Control (T1)



11.04



0.00



0.00



Date palm mat (T2)



4.47



6.57



59.48



Washingtonian fronds ( T3)



6.58



4.46



40.43



Reed steems (T4)



7.27



3.77



34.12



Treatment ( Ti)



reduction with respect to control = [100 |T1-Ti|] /T1 ]



D(0.05)  t  Dunnett (3, 8, 0.05 )



2 MSe r



 2.94.



2 x 1.60  3 . 03 3



D (0.01)  t  Dunnett (3, 8, 0.01)



2 MSe r



 4.06.



2 x 1.60  4 . 19 3



It can also be elucidated from Table 4.7 that the percent of reduction was ranged from a minimum of 34.12% under reed stem to a maximum of 59.48% under the date palm mat. These findings are in concord with findings of Alam and AlShaikh ( 2013), who found that the evaporation can be reduced by 47% under shading by a single layer of palm fronds and by 58% by the use of double layer cover. In the light of the above study, it is concluded that the date palm mat sheet can be used as promising shading cover or a likeliest candidate to reduce evaporation from the water surface. The strength of this approach is date palm is widely distributed across the central and southern parts of the country and the date palm leaves and fronds are considered as disposed of waste after pruning. Further, it is environmentally friendly and capable of withstanding the extremely weather conditions of arid regions ( Alam and AlShaikh, 2013). In contrast, the weaknesses points of view are the difficulty of implementation and instability under gusty wind conditions.
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4.5.3 Evaporation suppression as affected by covering the water surface with different local and synthetic materials during experiment 3 . The plotted data presented in (Fig. 4.8) show the average daily evaporation during Experiment 3 over a period from Sept. 17 to Oct. 13, 2016, under covering with different materials. The covering materials (treatments ) encompassed: Control (Uncovered) licorice branches 2-cm in thickness, cork disks, and cardboard sheet. It can be observed from (Fig. 4.8) that the drawn curves cannot be represented by smooth curves. These curves exhibited the highest fluctuation compared to the plotted curves belonged to the other experiment. The fluctuation was very profound under the control treatment. As stated previously before, the high fluctuation in external. Evaporatively may be responsible for the profound fluctuation in pan evaporation during the



period of the experiment. Albeit, at a given date the evaporation rate under the control treatment is superior to those under the other treatments, the curves under the remaining treatments are overlapped or interlocked. This is an indication of insignificant differences between the treatments excluding the control treatment.
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Figure 4.8 Pan evaporation as affected by treatment with different local materials during the period of experiment 3.
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The obtained data from experiment 3 were replotted in term of cumulative evaporation versus time and the results were presented in (Fig. 4.9). As can be noticed from (Fig. 4.9) the curves start to diverge with an increase in time. Furthermore, regression analysis showed that the linear relationship attributed more than 92% of the variation in cumulative evaporation to a variation in time under the study treatments.



Table 4.8 Regression analysis showing the relationship between cumulative evaporation and elapsed time during experiment 3.



Treatment



R2



Regression equation



Average rate of the Predicted evaporation (mm d-1)



1. Control



Epan = 17.35 + 6.435 t



0.938



6.435



2. Licorice branches



Epan = 9.507 + 4.044 t



0.928



4.044



3. Disks of cork



Epan = 12.55+ 3.318 t



0.936



3.318



4. Cardboard sheet



Epan = 0.404+ 2.893 t



0.995



2.893
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Figure 4.9 Cumulative pan evaporation as affected by different treatments during experiment 3.
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Table 4.9 Summary of Dunnett's t-test and percent reduction in daily evaporation rate due to different treatments over control in Experiment 3.



Percent of Average Treatment( Ti)



evaporation rate -1



( mm day )



reduction with



Absolute difference |Ti-T1|



respect to control = [100 |T1-Ti|] /T1 ]



Control (T1)



8.87



0.00



0.00



Licorice branches, (T2)



5.42



3.45



38.91



Disks of cork ( T3)



4.82



4.05



45.64



Cardboard sheets (T4)



4.01



4.85



54.74



D(0.05)  t  Dunnett (3, 8, 0.05 )



2 MSe  2.94. r



2 x 0.585  1.84 3



D (0.01)  t  Dunnett (3, 8, 0.01)



2 MSe  4.06. r



2 x 0.585  2.54 3



Additionally, it can be discerned from the above results that the cardboard treatment proved to be the most effective suppressant in this experiment compared with the other treatments. However, over the period of the experiment, the order of the treatments effectiveness being: Cardboard sheet > Disks of cork > Licorice branches > Control. The percent reduction in pan evaporation ranged from 38.91% under licorice leaves treatment to 54.74% under the cardboard treatment. With no exception, the average daily pan evaporation under all the treatments differed high significantly (P  0.01) from that under the control treatment. 4.5.4 Evaporation suppression as affected by different rates of monolayer application during experiment 4. Fig. 4.10 illustrates the comparison of pan evaporation under different application rates of fatty alcohol during the period from June 14 to July 13, 2016. The daily application rate ranged from 0.00 g pan-1day-1 under control treatment to 0.339 g pan-1day-1 under the fourth treatment with a concentration interval of 0.113 g pan-1day-1. As (C3) indicated, all the treatments responded similarly to atmospheric evaporation demand.
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Furthermore, the results indicated that the daily evaporation under the treated waters did not differ appreciably from control treatment at the early stage of evaporation, while the difference became more significant after 8 days from evaporation commencement. This implies that the lower the atmospheric evaporation demand, the lower would be the treatment performance. In other words, the treatments that appeared quite promising in the middle of the summer season became much less effective early in summer season. By contrast, GallegoElvira et al., ( 2013) showed that high temperatures and high incoming radiation negatively affected the persistence of the condensed monolayer and decreased product performance.
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Figure 4.10 Pan evaporation as affected by different concentration of fatty alcohol during the period of experiment 4.



The declivity in evaporation reduction percentage as the water temperature increased may be attributed to many factors. At high water temperature, more water molecules have higher kinetic energy and have a better chance to penetrate the films and then escape to the air. Furthermore, at high water temperature, the evaporation rate of the film becomes significant and deteriorates the film quality ( Tang et al., 1993).
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To go in depth analysis, the data of experiment 4 was replotted as cumulative evaporation versus time and the results were illustrated in (Fig. 4.11) As indicated by the data of (Fig. 4.11), the divergence between evaporation curves under each of the monolayer treatments and that of control treatment tended to become wider with an increase in time, particularly, after about 10 days from evaporation commencement as mentioned previously.
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Figure 4.11 Cumulative pan evaporation as affected by different concentration of fatty alcohol during experiment 4.



At a given date, the increase in monolayer concentration from 0.113 to 0.339 did not lead to an appreciable reduction in evaporation rate. Regression analysis showed that the average rates of evaporation represented by the slope of the regression line were 13.18, 10.52, 10.49 and 10.20 mm day-1 under the application rates of 0, 00, 0.113, 0.226 and 0.339 g pan-1 day-1, respectively. Additionally, the results presented in Table 4.10 revealed that there was not a steady reduction in evaporation rate with an increase in monolayer application rate. The maximum reduction in evaporation rate occurred at an application rate of 0.226 g pan day-1 (23.57%). The percent reduction increased from 20.57 to 23.57% as the monolayer concentration was doubled. In a similar study.
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Al-Saud (2010) observed that the evaporation rate from surface water was reduced overall up to 47.2% to 50.5% when fatty alcohol was added at concentrations of 100 and 200 /1000 g m2 day -1 respectively. It was also noticed from Table 4.10, that the evaporation rate under all the application rate differed high significantly from treatment. As unexpected, a slight drop in percent of the reduction in evaporation rates occurred when the application rate increased from 0.226 to 0.339. On the opposite, Kahalekar and Kumawat (2013) observed that as the concentration of cetyl alcohol increased from 50 g m-2 d-1 to 150 g m-2 d-1 the percent reduction in daily evaporation rate increased from 22.09% to 33.85%. However, existing evidence suggested that monolayer application rates may need to be up to three times those recommended by manufacturers to achieve satisfactory results (McJannet et al., 2008) .



This signals that monolayer application rate should be increased to reduce the cuts in the monolayer film due to the wind effect, which creates voids in the surface of water allowing the surface to be without protection. Hobbs (1961) revealed that in order to compensate for the higher water temperatures occurring during midsummer, heavier and more frequent treatment applications would be required to maintain evaporation control at a practical level. Albeit the evaporation reduction of around 24% due to monolayer application is much less than evaporation reduction under the treatments of the previous experiments, it still represents a significant saving for a water supply from a practical point of view.



However, the



treatments can be ranked as follows according to effectiveness 0.226 g pan-1 day-1>0.339 g pan-1 day-1 >0.113 g pan-1 day-1>control however chemical methods are not as effective as physical methods (Erick 2007) .
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Table 4.10 Summary of Dunnett's t-test and percent reduction in daily evaporation rate due to different treatments over control in Experiment 4.



Percent of Average Treatment( Ti)



evaporation -1



rate(mm day )



Absolute



reduction with



difference



respect to



|Ti-T1|



control=[100|T1Ti|] /T1 ]



Control (T1) 0.00 g



13.35



0.00



0.00



C1 (T2), 0.113 g



10.60



2.75



20.57



C2 ( T3) 0.226 g



10.20



3.15



23.57



C3 (T4) 0.339 g



10.24



3.11



23.27



D(0.05)  t  Dunnett (3, 8, 0.05 )



2 MSe  2.94. r



2 x 0.342  1.40 3



D (0.01)  t  Dunnett (3, 8, 0.01)



2 MSe  4.06. r



2 x 0.342  1 .94 3



4.6 Comparison of Some Screened Treatments Which Offered the Best Performance during the Experiments 1 through 4. Fig. 4.12 compares the pan evaporation rates under some selected treatments which offered the best performance during the previous four experiments. Since each of the four experiments had its own atmospheric evaporation demand, it was impossible to select the best evaporation retardants. Therefore, this experiment was conducted during the test period July 21 to August 3, 2016 representing 14 days of evaporation.
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Figure 4.12 Pan evaporation as affected by different treatments during the period of experiment 5.



Following the termination of experiment 4, the above test period was devoted to evaluating the performance of the following screened treatments: small plastic balls, date palm mat sheet and fatty alcohol with an application rate of 0.226 g pan-1 day-1 along with check treatment under the same atmospheric external evaportivity. Approximately, the linear relationship attributed the percent of variation in daily pan evaporation to variation in time under each treatment. Furthermore, the results illustrated that the plotted curves tended to diverge with an increase in time, particularly at the end of the experiment period ( Fig. 4.12).



It is also evident from (Fig. 4.12) that the order of preference of the treatments for evaporation suppression was as follows: Small balls > Date palm mat > Monolayer > Control Additionally, the findings of Table 4.11 revealed that the percent of reduction under these treatments varied between as low as 32.68% under the monolayer treatment to as high as 71.8.% under covering the pans with small plastic balls. It is also evident from Table 4.11 that the pan evaporation under each of the screened treatments differed high significantly ( P  0.01 )from check treatment.
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Table 4.11 Summary of Dunnett's t-test and percent of reduction in daily evaporation rate due to different treatments over control in experiment 5.



Average



Absolute



Percent of reduction with



evaporation rate



difference



respect to control = [100



( mm day-1)



|Ti-T1|



Control (T1)



10.78



0.00



0.00



Small balls (T2)



3.04



7.74



71.80



Date palm mat( T3)



3.66



7.12



66.08



C3(T4)



7.26



3.52



32.68



Treatment( Ti)



|T1-Ti|] /T1 ]



D(0.05)  t  Dunnett (3, 8, 0.05 )



2 MSe  2.94. r



2 x 0.072  0.64 3



D (0.01)  t  Dunnett (3, 8, 0.01)



2 MSe  4.06. r



2 x 0.0.072  0.89 3



It is apparent from the above results that a considerable amount of water can be saved through applying one of these treatments to control evaporation from water surfaces of the existing reservoirs in the region. Saved water may lead to an increase in the cultivated area ( Alvarez et al., 2006).



4.7 The Field Experiment Fig. 4.13 depicts the water losses from the field tests as affected by an application rate of 0.20 g m2 d-1 of fatty alcohol at Mergapan during a time interval from 7 August to 18 August 2016. The tested storage was a rectangular parallelepiped basin (cuboid) with dimensions of 6.03 m x 3.04 m x 1.11 m. Seepage was also measured because it was impossible to measure evaporation alone. The measured seepage was subtracted from the total water loss to measure the water loss due to evaporation. On average, the evaporation losses under the untreated and treated water were 15 and 4.68 mm day -1, respectively..
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Figure 4.13 Evaporation suppression from a stationary water pool as affected by treatment with



fatty



alcohol during August, 2016.



On average, the percent reduction in evaporation due to monolayer application was estimated as 69%. Lower percent reduction would be expected when the experiment lasts for a longer period because the weather was calm during the study period and the wind speed ranged from 1.5 to 2.5 m s-1 . Apart from this result, Saggai et al. (2013) observed that the best evaporation reduction rate was registered in case of a mixture of hexadecanol (cytel alcohol) and octadecane ( stearyl alcohol) (24%). Further, they concluded that in suitable conditions evaporation losses were reduced by up to 60%. It seems from the above results that the performance of monolayers to reduce evaporation depends on the substance used to form the monolayer and the prevailing conditions. For instance, Fitzgerald and Vines (1963) noticed that evaporation savings of 10-20% were found with winds up to 16 km h-1 to 0% at 24 km h-1.



53



Chapter Four



Results and Discussion



It was also noticed that the monolayer offered a higher performance during the field tests compared to that obtained during the pan evaporation experiments. The higher performance of the monolayer application during the field experiment can be ascribed to its lower water temperature compared to those of the pan evaporation experiments. The water temperature was in neighbourhood of about 20 oC during the storage tests. On the other hand, the water temperatures were 23 and 25 oC during the experiments 4 and 5, where fatty alcohol was used. The percent evaporation reduction due to the application of fatty alcohol at an application rate of 0.339 g pan-1 during experiment 4 and 5 were 23 and 33%, respectively. Previous studies revealed that there was a fall in the reduction of evaporation with the rise of water temperature, from about 60% at 20 oC through about 35% at 30 oC to about 15 percent at 60 oC (Frenkil and Frenkil, 1965). Albeit, the chemical treatment did not offer the highest performance during the previous pan evaporation experiments, it was used to extrapolate the pan tests to the storage tests. One justification is the ease of implementation on a larger scale. It is also noteworthy to mention that the use of fatty alcohol as an evaporation suppressant has limited the



impact on



aesthetics but are less efficient than physical structures. Further, the chemical treatment is less permanent, but it can be implemented easily. Based on a rate reduction of 10.32 mm day-1, the depth of saved water during the summer months from June 1 to August 31st, will be 950 mm. However, any savings gained by reducing evaporation losses could significantly improve overall the agricultural use efficiency of the region. Accordingly, it is believed that it is highly feasible and cost effective to apply the fatty alcohol on a large scale to the existing earthen ponds and reservoirs of Iraqi Kurdistan region to reduce water loss through evaporation from water surfaces.
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CONCLUSIONS AND RECOMMENDATION A . CONCLUSIONS 1. Evaporative losses constitute a substantial amount of total stored water leading to low water storage efficiency in the region under study. 2. The model suggested by Raghuwanshi and Wallender (1998) can be used for estimating Kpan under the prevailing condition of the investigated site. 3. Among the tested synthetic materials, small balls (Diameter = 40 mm) offered the highest performance. 4. There was no a steady increase in evaporation reduction over the range of monolayer concentration from 0.00 g pan-1 day-1 to 0.339 g pan-1 day-1 5. The performance of plastic ball as evaporation retardant increases with decrease in its size. 6. Among a host of indigenous materials as evaporation retardants, the date palm mat can be considered as the most effective materials. 7. When both effectiveness and ease of implementation are taken into consideration, the fatty alcohol at a concentration of about 0.226 g pan-1 day-1 can be considered as the best treatment for reducing evaporation from free water surfaces on a large scale.
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B. RECOMENDATION FOR FURTHER WORKS 1. To monitor the rate of evaporation over all the months of the year to have a good picture about the annual potential evaporation rate at many sites over the region. 2. To examine the effectiveness of the study evaporation retardants under different atmospheric evaporation demands in the region under study. 3. To use floating pan evaporimeter instead of land evaporimeter to monitor evaporation from the existing dams. 4. To derive Kpan for all the months of the year. 5. To apply the fatty alcohol at an application rate of 0.226 g pan-1 day-1 to reduce evaporation from free water surface at a large scale and monitor its impact on water quality and aquatic creatures.
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APPENDICES Appendix A Table A1. The database of daily evaporation in mm day-1 for experiment 1.



Date



T1= Control



T2= Small balls



T4=Combination of big and small balls



T3= Big balls



R1



R2



R3



R1



R2



R3



R1



R2



R3



R1



R2



R3



11/07/2015



15



23



19



5



7.5



6



7.5



8.5



8.5



7.5



7



7



12/07/2015



15



23



19



5



7.5



6



7.5



8.5



8.5



7.5



7



7



13/07/2015



10



10



20



2



2



1



5



6



10



3



3



4



14/07/2015



18



18



19



14



13



12



17



12



11



17



15



11



15/07/2015



10



10



10



4



4.5



3



6



6



6



4.5



4.5



6.5



16/07/2015



10



10



10



4



4.5



3



6



6



6



4.5



4.5



6.5



17/07/2015



14



14



13



7



5.5



5.5



10



6



7



7.5



7



7



18/07/2015



14



14



13



7



5.5



5.5



10



6



7



7.5



7



7



19/07/2015



19



18.5



18.5



10.5



8



7.5



15



10.5



10



10.1



10



10



20/07/2015



19



18.5



18.5



10.5



8



7.5



15



10.5



10



10.1



10



10



21/07/2015



17.5



19



18



6.5



7.5



6



10



9.5



10.5



10.1



9.5



10



22/07/2015



17.5



19



18



6.5



7.5



6



10



9.5



10.5



10.1



9.5



10



23/07/2015



15



15



15



6.5



4



4.5



11.5



5



5.5



6



6



7.5



24/07/2015



15



15



15



6.5



4



4.5



11.5



5



5.5



6



6



7.5



25/07/2015



15



17



10



8.5



6



5.5



10



7



7



9



8



7



26/07/2015



15



17



10



8.5



6



5.5



10



7



7



9



8



7



27/07/2015



14



14



15



4



3



3



6



3



5



4



5



4



28/07/2015



20



20



19



5



4



4



5



4



7



6



5



7



29/07/2015



18



16



18



6



11



7



9



9



12



11



8



13



30/07/2015



13



14



20



8



6



7



10



6



8



9



7



7



sum



304



325



316



135



125



110



192



145



162



159.4



147



156



Average of replications



15.2



16.2



16



6.75



6.3



5.5



9.6



7.25



8.1



7.97



7.35



7.8



Average of treatments



15.7



6.16



8.3



64



7.71



Appendices Table A2. The database of daily evaporation in mm day -1 from experiment 2.



T1= Control



Date



T2=Date palm mat



T3=Washingtonian fronds



T4= Reed steems



R1



R2



R3



R1



R2



R3



R1



R2



R3



R1



R2



R3



20/08/2015



6



4



12



3



3



12



3



4



9



3



8



14



21/08/2015



17.5



17.5



15



7



6



4.5



7.5



10



12.5



9.5



9



9



22/08/2015



17.5



17.5



15



7



6



4.5



7.5



10



12.5



9.5



9



9



23/08/2015



7.5



5.5



6.5



2



1.5



1.5



3



5



6.5



3.5



2



7



24/08/2015



7.5



5.5



6.5



2



1.5



1.5



3



5



6.5



3.5



2



7



25/08/2015



13



8



12



4



3



9



6



5



11



4



4



13



26/08/2015



9



12



9



3



5



11



4



10



6



6



5



9



27/08/2015



9



13



15



5



4



7



6



8



11



5



10



10



28/08/2015



7.3



7.3



8.3



3.3



2.6



5.3



4.3



5



5.3



6.6



6.6



7.6



29/08/2015



7.3



7.3



8.3



3.3



2.6



5.3



4.3



5



5.3



6.6



6.6



7.6



30/08/2015



7.3



7.3



8.3



3.3



2.6



5.3



4.3



5



5.3



6.6



6.6



7.6



31/08/2015



10



10



10



4



4



5



5



5



15



4



2



5



01/09/2015



5



20



18



3



2



5



2



8



5



7



8



10



02/09/2015



20



15



19



6



4



9



8



7



10



13



13



9



03/09/2015



15



20



16



3



6



6



5



10



10



10



9



10



04/09/2015



12.5



13



12.5



6.5



7.5



7.5



8.5



8



11.5



8



7.5



10.5



05/09/2015



12.5



13



12.5



6.5



7.5



7.5



8.5



8



11.5



8



7.5



10.5



06/09/2015



10



16



14



2



3



5



5



6



8



6



7



9



09/09/2015



4



4



8



1



2



1



2



3



3



2



3



4



10/09/2015



5



9



9



2



2



3



2



2



2



8



7



5



115. 9



98.9



129



166.9



129.8



132.8



173. 8



10.14 11.24 11.74 3.84 3.79 5.79



4.94



6.45



8.34



6.49



6.64



8.69



sum Average of replications Average of treatments



202.9 224.9 234.9 76.9 75.8



11.04



4.47



65



6.57



7.27



Appendices Table A3. The database of daily evaporation in mm day -1 from experiment 3.



Date



T2= Licorice branches



T1= Control



T3= Disks of cork



T4= Cardboard sheet



R1



R2



R3



R1



R2



R3



R1



R2



R3



R1



R2



R3



17/09/2015



9



5



9



6



1



3



8



7



4



2



5



1



18/09/2015



10



8



6



3



4



5



7



6



3



4



2



5



19/09/2015



10



5



9



5



5



6



5



2



6



4



3



4



20/09/2015



19



19



13



13



8



7



7



14



10



10



6



10



21/09/2015



14



14



14



8



10



9



7



5



6



7



7



4



22/09/2015



10



4



6



5



4



6



8



10



3



4



4



3



23/09/2015



10



4



10



2



2



10



1



1



1



1



1



1



24/09/2015



4



3



3



2



1



10



3



2



2



1



2



1



26/09/2015



13



13



14



10



8



10



7



6



6



3



6



6



27/09/2015



17



15



19



12



10



11



9



7



7



7



7



7



28/09/2015



8



8



7



7



3



8



4



6



2



3



4



4



29/09/2015



6



9



5



2



5



4



4



4



3



5



2



1



30/09/2015



10



11



6



3



2



3



2



2



1



1



2



1



01/10/2015



3



3



2



2



2



2



1



1



1



10



8



7



05/10/2015



10



7



6



6



6



6



8



7



4



3



2



4



06/10/2015



12



7



8



8



3



4



6



6



4



2



3



3



07/10/2015



12



10



10



4



5



5



3



6



5



3



8



4



12/10/2015



9



7



5



5



5



3



5



6



4



4



3



6



13/10/2015



6



6



4



4



4



3



5



3



3



3



3



2



sum



192



158



156



107



88



115



100



101



75



77



78



74



Average of replications



10.1



8.3



8.2



5.6



4.6



6.1



5.3



5.3



3.9



4.1



4.1



3.9



Average of treatments



8.9



5.4



66



4.8



4.3



Appendices Table A4 . The database of daily evaporation in mm day-1 for experiment 4.



T2=0.113 gm pan-1 day-1



T1= Control



Date



T3=0.226 gm pan-1 day-1



T2= 0.339gm pan-1



R1



R2



R3



R1



R2



R3



R1



R2



R3



R1



day-1 R2



R3



14/06/2016



14



11



15



5



7



8



13



6



11



10



6



10



15/06/2016



17



11



8



15



11



6



10



10



5



12



10



10



16/06/2016



14



11



10



11



13



10



13



13



8



10



14



4



18/06/2016



18



12



10



16



16



9.5



16



5



8



15



10



15



19/06/2016



18



12



10



16



16



9.5



16



5



8



15



10



15



20/06/2016



11



11



11



8



9



4



8



7



5



10



8



5



21/06/2016



7



6



5



4



4



8



4



1



3



5



3



5



22/06/2016



15



19



18



12



16



12



13



17



15



8



17



15



23/06/2016



19



16



15



15



16



10



14



12



12



12



10



12



24/06/2016



15.5



15.5



13



12



11



10



13



12.5



11



12.5



15.5



13



25/06/2016



15.5



15.5



13



12



11



10



13



12.5



11



12.5



15.5



13



26/06/2016



14



15



14



12



12



12



11



12



12



10



11



12



27/06/2016



14



14



15



9



12



11



10



10



11



11



11



10



28/06/2016



14



13



14



10



10



10



9



10



8



9



7



9



29/06/2016



14



15



17



10



12



13



11



11



13



10



11



11



30/06/2016



15



15



15



11



10



13



11



10



13



13



10



10



01/07/2016



14



17.5



15



11



12.5



13



13



13



14



11.5



13



12.5



02/07/2016



14



17.5



15



11



12.5



13



13



13



14



11.5



13



12.5



03/07/2016



12.5



11.5



11.5



11



10.5



10



10.5



10



9



10.5



9



9.5



04/07/2016



12.5



11.5



11.5



11



10.5



10



10.5



10



9



10.5



9



9.5



05/07/2016



12.5



13.5



12



10



9.5



11



10



11



9.5



10



8.5



10.5



06/07/2016



12.5



13.5



12



10



9.5



11



10



11



9.5



10



8.5



10.5



07/07/2016



11.5



11



11



9.5



8.5



9



9.5



8.5



9



7.5



7.5



8



08/07/2016



11.5



11



11



9.5



8.5



9



9.5



8.5



9



7.5



7.5



8



09/07/2016



13



11.5



11.5



10



10



8.5



9.5



9.5



8.5



10



9.5



9.5



10/07/2016



13



11.5



11.5



10



10



8.5



9.5



9.5



8.5



10



9.5



9.5



11/07/2016



15



12



13



11



8



10



9



8



8



9



7



9



12/07/2016



15



15



14



11



12



9



10



11



7



12



10



7



13/07/2016



16



17



16



10



13



12



10



12



12



10



11



10



sum



408



386



368



313



321



289



319



289



280



305



292



295



Average of replications



14.1



13.3



12.7



10.8



11.1



10



11



9.9



9.65



10.5



10.1



10.2



Average of treatments



13.34



10.6



10.2 10.24



67



Appendices Table A5 . The database of daily evaporation in mm day-1 for experiment 5 .



Date



T2= Small balls



T1= Control



T3= Date palm mate



T4= Monolayer



R1



R2



R3



R1



R2



R3



R1



R2



R3



R1



R2



R3



21/07/2016



7



10



11



5



3



3



5



6



5



6



6



6



22/07/2016



12



12



11



4



3



2



5



5



6



7



7



8



23/07/2016



13



12



13



2



3



3



3



3



2



9



8



7



24/07/2016



12



11



10



4



2



2



5



3



4



8



6



6



25/07/2016



12



12



13



3



3



2



4



3



3



7



8



9



26/07/2016



8



9



8



2



2



3



3



3



2



7



6



8



27/07/2016



9



10



11



3



3



3



3



3



3



7



6



6



28/07/2016



12



11



10



4



3



3



4



3



2



8



7



8



29/07/2016



11



10



9



3



2



3



4



3



2



7



7



8



30/07/2016



11.5



10



9.5



3.5



3.5



4



4.5



5



4.5



7.5



7



8



31/07/2016



11.5



10



9.5



3.5



3.5



4



4.5



5



4.5



7.5



7



8



01/08/2016



11



10



11



2



6



2



2.5



2



2



6



6



6



02/08/2016



9



10



12



3



2



2



3



3



2



7



8



8



03/08/2016



12



14



13



3



4



4



7



2



5



9



8



9



sum



151



151



151



45



43



40



57.5



49



47



103



97



105



Average of replications



10.8



10.8



10.8



3.2



3.1



2.9



4.1



3.5



3.4



7.4



6.9



7.5



Average of treatments



10.78



3.04



68



3.65



7.25



Appendices Appendix B Table B1 . Meteorological data recorded during the period of experiment 1.



Date



Air temperature ( 0C ) Wind speed Tmin



T max



T avg RH(%)



11/07/2015



24.8



43.5



34.15



14



12/07/2015



25



44.8



34.9



13



13/07/2015



26.5



40.8



33.65



15



14/07/2015



23.5



41.5



32.5



16



15/07/2015



24.5



44.4



34.45



17



16/07/2015



29.7



45.5



37.6



15



17/07/2015



27.5



42.8



35.15



16



18/07/2015



28.4



38.5



33.45



26



19/07/2015



27.5



37.5



32.5



27



20/07/2015



27.2



37.7



32.45



22



21/07/2015



27



39.5



33.25



22



22/07/2015



29.5



41.6



35.55



21



23/07/2015



27



41.3



34.15



19



24/07/2015



29



41.5



35.25



15



25/07/2015



31



42.2



36.6



16



26/07/2015



32



44



38



14



27/07/2015



28



41.5



34.75



13



28/07/2015



25



43



34



12



29/07/2015



27.4



44.7



36.05



18



30/07/2015



32



45



38.5



12



-1



(ms )



0.5 0.9 1.9 1.1 0.5 2.8 2.6 6.8 6 7.8 4.8 3.9 2.6 2.8 2.5 1.8 3.5 2.3 1.2 2.6



69



Sunshine km -1 (hr) day



(MJ m-2 day-1)



pan Evaporation (mm day-1)



Solar radiation



43



13



24.95



18.5



78



12



27.17



18.5



164



11.9



26.25



13.33



95



12.5



24.4



18.33



43



12.1



26.06



10



242



11.8



26.43



10



225



11.1



24.95



13.66



588



11.5



24.03



13.66



518



12



23.66



18.83



674



12



24.4



18.83



415



11.5



26.43



18



337



11



26.06



18



225



11.6



23.84



15



242



12



24.58



15



216



12.2



24.21



13.5



156



12



23.47



13.5



302



11.8



24.21



14.3



199



11.6



24.03



19.6



104



12.1



23.29



17.3



225



11.5



22.92



15.66



Appendices Table B2 . Meteorological data recorded during the period of experiment 2.



Air temperature ( 0C )



Wind speed



Date T avg



RH(%)



T min



T max



20/08/2015



25.8



43.5



34.65



5



21/08/2015



27.5



43.6



35.55



5.6



22/08/2015



24



41.5



32.75



8.7



23/08/2015



25.4



41.6



33.5



9.2



24/08/2015



23.9



39.2



31.55



8.4



25/08/2015



24.2



39



31.6



11.6



26/08/2015



25



37.2



31.1



13



27/08/2015



22.2



37.7



29.95



13.8



28/08/2015



22



40



31



13.7



29/08/2015



24



40.5



32.25



9



30/08/2015



27



39.5



33.25



10



31/08/2015



27



34.2



30.6



11.6



01/09/2015



25.2



34.7



29.95



14.8



02/09/2015



21.2



36.2



28.7



25



03/09/2015



26



38.7



32.35



14.5



04/09/2015



29.5



41.2



35.35



11



05/09/2015



26.5



41.5



34



9.5



06/09/2015



26



39



32.5



11



09/09/2015



23.5



39



31.25



26



10/09/2015



41



24



32.5



21.9



(ms-1)



1.5 2.3 2.1 1.5 1.8 2.4 1.9 2.72 1.3 1.2 2.6 1.5 2.3 5.6 4.4 2.5 1.3 3 0.8



0.8



70



Solar radiation



(hr)



(MJ m day-1)



Pan evaporation (mm day-1)



130



11.9



22.55



7.33



199



11.2



21.62



16.66



181



11.2



20.7



16.66



130



12.1



21.62



6.5



156



12.1



21.26



6.5



207



11.5



20.7



11



164



11.8



19.78



10



235



11.7



20.15



12.33



112



11.4



20.15



7.66



104



11.5



20.33



7.66



225



8.4



19.22



7.66



130



4.8



18.85



10



199



8



15.53



14.33



484



8.1



0



18



380



11.6



20.15



17



216



10.6



19.96



12.5



112



10.9



19.22



12.5



259



6



18.3



13.33



69



9.7



17.19



5.3



69



8.9



17.37



7.66



km day-1



Sunshine



-2



Appendices Table B3 . Meteorological data recorded during the period of experimental 3.



Air temperature ( 0C )



Wind speed



Tavg



RH(%)



Tmin



Tmax



17/09/2015



24.2



37.5



30.85



16.5



18/09/2015



25.1



37.8



31.45



10.7



19/09/2015



24



33.5



28.75



10.7



20/09/2015



24.2



35



29.6



18.4



21/09/2015



24.5



38



31.25



12



22/09/2015



22.5



39



30.75



11.5



23/09/2015



21



37.3



29.15



11.8



24/09/2015



20



38.5



29.25



14



26/09/2015



20.5



36.8



28.65



9.88



27/09/2015



19.5



36



27.75



14.8



28/09/2015



20



35.7



27.85



13.6



29/09/2015



23



36.5



29.75



17



30/09/2015



21



33.4



27.2



15.3



01/10/2015



23



34.5



28.75



17.7



05/10/2015



20



33.5



26.7



22.1



06/10/2015



19.5



35.3



27.5



21



07/10/2015



22



31.8



26.5



12



12/10/2015



15



32.5



23.7



26



13/10/2015



15



33



23.7



21



(ms-1)



1.5 2.5 3.7 4.8 2.3 1.3 1.2 1.8 1.3 1.6 1.3 0.8 1.5 1.3 1.9 2.1 3 1.1 1.3



71



Solar radiation



Sunshine (hr)



(MJ m-2 day-1)



Pan evaporation (mm day-1)



130



9.2



17



8



216



8.8



16.45



8



320



10.4



17.93



8



415



10.2



18.67



17



199



10



19.41



14



112



10.2



18.85



6.66



104



9.5



17.37



8



156



10.2



17



3.6



112



9.8



18.3



13.3



138



9.5



18.11



17



112



9



17.37



7.3



69



10.8



0



6.6



130



0.5



17.19



9



112



6



14.7



2.66



164



8.9



14.05



7.6



181



5



14.4



9



259



2.3



14.8



10.66



95



9.3



15.7



7



112



9.3



15.9



4.66



Date km day-1



Appendices Table B4 . Meteorological data recorded during the period of experimental 4. Air temperature ( 0C )



Wind speed RH(%)



Date Tmin 14/06/2016 15/06/2016 16/06/2016 18/06/2016 19/06/2016 20/06/2016 21/06/2016 22/06/2016 23/06/2016 24/06/2016 25/06/2016 26/06/2016 27/06/2016 28/06/2016 29/06/2016 30/06/2016 01/07/2016 02/07/2016 03/07/2016 04/07/2016 05/07/2016 06/07/2016 07/07/2016 08/07/2016 09/07/2016 10/07/2016 11/07/2016 12/07/2016 13/07/2016 14/7/2016



28.32 29.74 31.23 30.74 29.44 30.47 31.66 32.55 33.71 34.07 34.63 35.44 35.34 35.61 35.55 34.34 33.86 34.65 32.18 33.81 34.91 35.75 34.14 33.72 33.56 34.64 34.32 33.51 33.82 35.26



Tmax 34.1 37.43 40.35 37.86 35.14 36.16 36.99 37.98 41.16 42.23 41.89 41.78 42.28 41.5 41.65 42.37 41.74 42.86 40.34 42.42 42.12 42.96 42.47 40.54 40.23 42.3 42.17 41.49 42.05 43.17



Tavg 31.21 33.58 35.79 34.31 32.29 33.31 34.32 35.26 37.43 38.15 38.26 38.61 38.81 38.51 38.61 38.35 37.82 38.75 36.26 38.11 38.51 39.35 38.30 37.13 36.89 38.47 38.24 37.5 37.93 39.21



(MJ m-2 day-1) 26.62



13.33



26.83



12



25.63



11.6



14.69



8.82



*



0.18



8.82



*



18.94



8.82



*



22.37



11



*



25.15



6



25.37



17.33



25.27



16.66



24.98



14.66



25.06



14.66



24.38



14.33



24.53



14.33



25.24



13.66



23.63



15.33



25.28



15



25.26



15.5



26.36



15.5



26.87



11.83



25.6



11.83



25.19



12.66



23.13



12.66



24.1



11.13



24.39



11.13



24.35



12



24.29



12



24.27



13.3



24.62



14.3



24.67



16.3



(ms-1)



Km day-1



1.43



124



12.1



1.26



109



12.1



1.06



92



12 *



2.35



203



0.57



49



1.79



155



1.63



141



2.84



245



3.69



319



12



3.5



302



12



2.27



196



12.4



1.77



153



12



1.86



161



12.2



2.21



191



11



1.5



130



12



1.72



149



11.5



1.46



126



12



1.79



155



12



1.92



166



1.41



122



1.49



129



13.8



1.54



133



12



1.82



157



1.71



148



11.5



1.53



132



11



1.57



136



13.5



1.57



136



12



1.6



138



13



1.76



152



12



4.06



351



11.9



33 26 26 28 29 30 30.4 31 26 29 32 29 28 29 28 27 27 14 12 9 15 15.7 18 15.8 15.6 17.8 16 14 14 20



72



Solar radiation



Pan evaporation (mm day-1)



Sunshine (hr)



Appendices Table B5 . Meteorological data recorded during the period of experimental 5.



Date



Air temperature ( 0C ) Tmin



Tmax



Tavg



Wind speed km RH(%)



21/7/2016



36.2



42



39.1



12



22/7/2016



38



47



42.5



13



23/7/2016



37



45



41



12



24/7/2016



35.8



45.8



40.8



14



25/7/2016



36



44



40



11



26/7/2016



35



45



40



12



27/7/2016



34



42



38



16



28/7/2016



34.6



43



38.8



14



29/7/2016



35



43.8



39.4



13



30/7/2016



34



42



38



13



31/7/2016



35.6



43.6



39.6



15



1/8/2016



35.7



45.4



40.55



14



2/8/2016



37



44



40.5



16



3/8/2016



38



45



41.5



15



4/8/2016



36



44



40



14



(ms-1)



73



km day-1



1.88



162.432



2.2



190.08



1.5



129.6



2



172.8



1.5



129.6



1.77



152.928



1.9



164.16



1.2



103.68



1.4



120.96



1.5



129.6



1.3



112.32



1.4



120.96



1.8



155.52



1.3



112.32



2



172.8



Solar radiation (MJ m-2 day-1)



Pan evaporation (mm day-1)



23



10.66



23



11.66



22



12.66



23



11



24



12.33



23



8.66



22



10



22



11



23



10



23



10.33



23



10.33



23



10.33



23



10.33



25



13



24



اخلالصة تشكل املياه املفقوده عن طريق التبخر جزءا هاما من كميات املياه املخزون يف اقليم كردستان العراق بسبب شده األشعاع الشمسي واخنفاض الرطوبة النسبية وبصورة خاصة يف مواسم الصيف. ان احد مشاكل تقدير التبخر بالطريقة املباشرة هو أن وضع شبكة من مقاسات التبخر و صيانتها بشكل صحيح أمر صعب  ،مع ذلك نفذت بعض التقنيات لتحديد التبخر من سطوح املياه احلره يف العقود األخرية  ،و أن استخدام هذه التقنية حتتاج اىل معلومات و بيانات كثرية ملعرفة كفاءة التقنية و مالئمتها اقتصاديا يف الظروف األقتصادية املوجودة يف منطقة الدراسة. وعليه نفذت هذه التجربة يف منطقة بكرجو لتحديد و تقدير املاء املفقود بطريقة التبخر  ،باألضافة اىل تقيم اداء بعض املعاجلات املعينة لتقليل مثل هذه الفقدان من املياه .ولتحقيق اهداف املنشورة أعاله نفذت سلسلة من التجارب املتتالية. فى األشهر عدمية األمطار خالل سنيت  5102و  5102و ذلك باستعمال صحن التبخر .يف كل جتربة استخدمت تصميم العشوائي الكامل. ان املواد املعاجلة تكونت من مواد حمليه و غري حمليه ،اضافة اىل ذلك مت احلصول على العناصر املناخية للفرتة اليت نفذت فيها التجارب  ،وذلك لربط مقدار التبخر من صحن التبخر بتلك العناصر املناخية من جهة ومن حمطة اخرى ألجياد معامل التبخر من تلك العناصر. وعلى ضوء مانفذت اعاله ميكن تلخيص أهم الفقارع كما يلي: -1شكلت املياه املفقودة عن طريقة التبخر جزءا حمسوسا من الكميات الكلية للمياه املفقودة يف منطقة الدراسه وباألخص خالل أشهر الصيف.وبلغ العمق الكلي 0101م للماء املفقود خالل الفرتة حزيران اىل متوز سنة .5102 -2ان مدى معامل صحن التبخر من نوع( )K panيرتاوح من  11.2اىل  11.5وان قيمة ( )K panلبقية األشهر وفقت بني القيمتني املذكورتني وان قيمة لفرتة الدراسة كانت .1125  -3من بني العناصر املناخية ،فأن درجة احلرارة اليومية القصوى اعطت عالقة قوية مع التبخر اليومي املقاس من صحن التبخر ( ،)r=11..0خبالف ذلك فأن الرطوبة النسبية اظهرت عالقة ضعيفة مع التبخر من صحن (.)r= 11012 أ



-4من بني عدد من املوديالت لتقدير ثابت األناء ( )Kفأن موديل() Raghuwnshi and wallender,1992 أعطت احسن نتائج  ،فيما اعطت موديل((Snyder,1992احملور ثاني احسن نتيجة. -5ان كرات بالستيكية صغرية احلجم كمادة معظيمة (قطرها=  .1ملم) أعطت اعلى نسبة اخنفاض التبخر%211.0 مقارنة بالتبخر احلاصل حتت كرات بالستيكية كبرية احلجم و من خليط من كرات كبرية و صغرية احلجم. -6من مقارنة استخدام أجزاء النباتات الطبيعية كغطاء مضلل مثل ساق الربادى و اوراق خنلة الزينة (الواشنتونيا) واحلصرية املصنعة من اجزاء نبات النخلة .أظهرت بـأن احلصرية املصنعة من اجزاء النخلة كانت هلا تأثري يف تقليل التبخر اكثر من بقية النباتات املذكورة. -7لوحظت بأن ورق املقوى اعطت احسن نتيجة مقارنة باملواد املخطية او املضللة األخرى مثل (الفيلي املقطوع أو عرق السوس) يف تقليل التبخر. -8مل حيدث اخنفاضا مستمرا يف معدل التبخر مع ازدياد تركيز الطبقة األحادية .ووجد اكرب معدل لالخنفاض عن تركيز 11552غم/صحن/يوم حيثكان.511.2  -9كانت درجة التفضيل لبعض املعاجلاتاملغربلة وحتت نفس الظروف اجلوية كما يلي: كرات بالستيكية صغرية احلجم > حصرية النخلة >أحاديةالطبقة > بدون معاملة.  -10وحلظت بأن اضافةأحادية الطبقة أعطت للماء خالل التجربة احلقلية أعطت أعلى اخنفاض للتبخر خالل التجارب اليت استخدمت فيها صحن التبخر.



ب



حكومة إقليم كردستان وزارة التعليم العالي و البحث العلمي جامعة السليمانية كلية العلوم الزراعية



التنبؤ و السيطرة على التبخر من السطوح املائية احلرة يف حمافظة السليمانية رسالة مقدمة اىل جملس كلية العلوم الزراعية يف جامعة السليمانية كجزء من متطلبات نيل شهادة املاجستري



العلوم الرتبة و املياه/يف العلوم الزراعية (إدارة املياه) فيزياء الرتبة من قبل



روشن حممود رسول بكالوريوس يف علوم الرتبة و املياه ( ,)1021جامعة السليمانية بأشراف



د .طارق محة كريم بروفيسور  1022م



د .خالد طيب برزجني االستاذ مساعد  2341ه



ثوختة بةهؤى زؤرى برِى تيشكى خؤر لة كوردستانى عيَراقدا و وة بوون بةهةلَمى ئاو بةتايبةت لة وةرزى هاويندا ،ئةوا لةدةست ضوونى ئاو بة ِريَطةى بةهةلَمبوون لةئاوى كؤطا كراوةوة بؤتة هؤى كةمبوونةوةى توانستى كؤطا كردنى ئاو. يةكيَك لة كيَشةكانى رِاستةوخؤ ثيَوانةكردنى بةهةلَمبوون ئةوةية كة دانانى تؤرِيَك لة (بةهةلَمبوون ثيَو) وة ثاراستنى بة شيَوةيةكى درووست كاريكى طرانة .سةرةرِاى ئةوةش ضةند تةكنيكيَك جيَبةجيَ كراوة بؤ سنورداركردنى بةهةلَمبوون لة رِووة ئاوية كراوةكانةوة لة ماوةى دةيةكانى ئةم دواييةدا .بةكارهيَنانى ئةم تةكنيكةش ثيَوستى بة زانيارى زؤر هةية لة سةر توانستى تةكنيكةكة و طوجناويَتى لة رِووى ئابورييةوة لة بارودؤخى ئابوري ناوضةى تويَذينةوة كةدا. لةبةرئةوة ئةم تويَذينةوةية دةست بة ئةجنامدانى كرا لة ناوضةى بةكرةجؤ بؤ دياريكردن و ثيَوانةكردنى ئاوى لة دةست ضوو بة ِريَطةى بةهةلَمبوون .جطة لة هةلَسةنطاندنى كارى هةنديَك ضارةسةرى دياريكراو بؤ كةمكردنةوةى ئةم جؤرة لة دةست ضوونةى ئاو بؤ بةديهيَنانى ئةو ئاماجنةى سةرةوة ،زجنريةيةك لة تاقيكردنةوةى يةك لة دواى يةك جيَبةجيَ كرا لة ماوةى هةنديَك لة مانطة بيَ بارانةكاندا لة سالَى ( 5102و )5102دا ئةوةش بة بةكارهيَنانى تةشتى بةهةلَمبوون ،وة هةر تاقيكردنةوةيةك جيَبةجيَ كرا بة بةكارهيَنانى ديزاينى بلؤكى هةرِةمةكى تةواو. مادة ضارةسةرسازةكانيشى ثيَكهاتبوون لة مادةى سروشتى و نا سروشتى هةروةها ثاراميتةرى كةشناسى ثةيداكرا بؤ ئةو مادةيةى كة تاقيكردنةوةكانى تيَدا ئةجنامدرا ،تاكو بةهةلَمبوون لة تةشتةكانى بةهةلَمبوونةوة ببةسرتيَتةوة بةو ثاراميتةرانةوة لة اليةك وة لة اليةكى تريشةوة بؤ دياريكردنى هاوكؤلكةى تةشتى بةهةلَمبوون لةو ثاراميتةرانةوة. لةبةر رِؤشنايى ئةو تويَذينةوةيةى سةرةوةدا ئةجنامة سةرةكيةكان دةتوانريَت بةم شيَوةيةى خوارةوة كورت بكريَتةوة:  -0لةدةست ضوونى ئاو بةهؤى بةهةلَمبوونةوة برِةكةى زؤرة لة ناوضةى تويَذينةوةكةدا ،وة بةشيَوةيةكى كردارى لة مانطةكانى هاويندا.  -5هاوكؤلكةى تةشتى جؤرى ) (K panمةوداكةى لة نيَوان ( )14.2بؤ ()14.5ة وة بةهاى ( )K panبؤ مانطةكاني تر كةوتؤتة نيَوان ئةو دوو نرخةوة .وة تيَكرِاى بةهاكةش بؤ ماوةى تويَذينةوةكة بريتيبوو لة (.)1425



1



 -3لة نيَوان داتاكانى كةشناسيدا بةرزترين طةرمى رِؤذانة ثةيوةنديةكى بةهيَزى دةرخست لةطةلَ بةهةلَمبوونى رِؤذانة لة تةشتةكانةوة ( )r= 0.471بة ثيَضةوانةوة شيَى ِريَذةيى الوازترين ثةيوةنى دروست كرد لةطةلَ بةهةلَمبوونى تةشتةكان (.)r= 0.012  -.لةنيَوان ضةند مؤديَليَكدا بؤ دياريكردنى جيَطريى تةشت ( )Kمؤديَلى Raghawnish and Wallender,  1992باشرتين ئةجنامى بةدةست هيَنا ،وة مؤديَلى دةستكاريكراوى ( Snyder )0995دووةم باشرتين ئةجنامى بةدةست هيَنا.  -2تؤثى ثالستيكى قةبارة بضوك وةكو داثؤشةر كة تريةكةى  .1مليميرت بةرزترين ِريَذةي كةمكردنةوةى بةهةلَمبوونى بةدةست هيَناوة ( )214.0 %بة بةراورد بةوةى بةدةست هات لة تؤثة قةبارة طةورةكان و تيَكةلَى تؤثى قةبارة طةورة و بضوكةوة.  -2بة بةراورد كردنى بةشةكانى رِووةكى سروشتى بةكارهيَنراو كة وةك داثؤشةريَكى سيَبةرهيَن بةكارهات لةوانةش قةدى قاميش و طةالَى دارخورماى جوانى (واشنتؤنيا) و حةسريى دروستكراو لة خورما دةركةوت كة حةسريى دروستكراو لة دارخورما لة هةموويان كاريطةرى زياترة بؤ كةمكردنةوةى بةهةلَمبوون.  -7تيَبينى كرا كة مقةبا (كارتؤن) باشرتين ئةجنامى بةدى هيَنا بة بةراورد بة مادة داثؤشةرةكان يان سيَبةر ثةيداكةرةكانى ترى وةك (ثارضةى تةبةدؤر يان طةالَى بةلةك) لة كةمكردنةوةى بةهةلَمبووندا.  -.كةمبوونةوةيةكى رِيَك لة تيَكرِاى بةهةلَمبووندا رِووى نةدا بة زؤركردنى رِادةى بةكارهيَنانى تاكة ضني ،وة طةورةترين رِادةى كةمبوونةوةى كاتيَك رِوويدا كة برِى بةكارهيَنان بريتى بوو لة ( )14552طم بؤ هةر تةشتيَك لة رِؤذيَكدا ( )53427 %بوو.  -9ثلةى ثةسةندكردن بؤ هةنديَك ضارةسةرى شاشةيى (بيَذنطى) لة ذيَر هةمان بارودؤخى كةشى ثيَويست بؤ بةهةلَمبوون بةم شيَوةية بوو :تؤثى ثالستيكى بضوك > حةسريى دارخورما > تاكة ضني > كؤنرتِؤأل.  -01هةروةها تيَبينى كرا كة تاكة ضني بةرزترين ئةجنامى بةدى هيَنا لة ماوةى تاقيكردنةوةى مةيدانيدا بة بةراورد بةوةى كة دةستمان كةوت لة تاقيكردنةوةى تةشتى بةهةلَمبوونةوة.
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حكومةتي هةريَمي كوردستان وةزارةتي خويَندني باالَ و تويَذينةوةي زانسيت زانكوَي سليَماني كوَليَذي زانستة كشتوكالَيةكان



ثيَشبيين كردن و كوَنرتِوَلَ كردني بوون بة هةلَمي رِووبةرة ئاوييةكان لة ثاريَزطاي سليَماني نامةيةكة ثيَشكةش كراوة بة ئةجنومةني كوَليَذي زانستة كشتوكالَيةكان لة زانكؤي سليَماني وةك بةشيَك لة ثيَداويستيةكاني بةدةستهيَناني برِوانامةي ماستةرلة



زانسيت كشتوكالَدا /بةشي زانسيت خاك و ئاو (بةرِيوةبردني ئاو) فيزياي خاك لةاليةن



ِروَشن حممود رسول بةكالوَريوَس لة زانسيت خاك و ئاو ( ,)1021زانكوَي سليَماني سةرثةرشتياران



د .طارق محة كريم ثرِوَفيسوَر  1022زايين



د .خالد طيب برزجني برِوَفيسوَري ياريدةدةر  1222كوردي
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