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Abstract
The water surface evaporation is one of the major members of the water balance equation. So, evaluation of the measurement error of  the water surface evaporation is an important methodological and metrological task. For an open-air 20 square meter pool, the systematic component is small, which has been proved by the results of many observations. At the same time, an accidental component of measurement errors for evaporating pools is sufficiently big. Under investigation were the readings of several  evaporates stationed on the evaporating platform of the VALDAI branch of the GGI, where a 20 square meter pool and three evaporators of the GGI-3000 model are situated. By the use of the comparison method, they received evaluations of the accidental component error for the three GGI-3000 evaporators. They worked out a physical-mathematical model, which allowed to receive data on the functions influencing the degree of  the measurement error. They suggested that the pool and its three GGI-3000 evaporators in complex with the functions of influence can be used as the initial model for evaporation measuring devices. 
Introduction

Water surface evaporation is one of the basic parameters of the water balance equation used to calculate all major hydrological values. In this procedure, evaluation of the evaporation measurement error is an important methodological and metrological task. The RosHydroMet organization uses evaporation gauges of the GGI-3000 type to estimate the water surface evaporation on its hydrological field. But they can't appreciate the error values with a classic method, since the standard means of measurement are unavailable (do not exist). By way of comparing the readings of one GGI-3000 gauge with those of another one, they can only evaluate the accidental component of the measurement error, which is comparatively small, while the system component of error remains rather big. But the results of numerous observations proved that the system component of error was small for an evaporation-measured 20m2 pool. So, a 20m2 pool was taken as a temporary standard of VMO. At the same time, as we'll show further, an accidental component of error for evaporating pools is sufficiently big as compared with that of the GGI-3000. In connection with this, the following tasks were set: 
- to minimize the error system component of GGI-3000, 

- to determine the error accidental component of an evaporation-measured pool. 
To solve these tasks, we worked out a physical-mathematical model for evaluation of errors of evaporation gauges. To build up the model, we used the parameters shown in Table 1. 

Table 1 
	t
	Conventional sign
	Parameter measured
	Measurement Unit

	t1
	bs20-evp
	Level of water evaporated from the surface of a 20m2 pool 
	 E, mm 

	t2
	bs20-wtm
	Temperature of water in the 20m2 pool 
	  t-0°C 

	t3
	bs20-etw
	Resilience of water vapour at a given water temperature in a 20m2 pool 
	  e-0  

	t4
	bs20-dtw
	Difference between the saturation resilience and the air absolute humidity at the 2m height for a 20m2 pool 
	e0 - e200

	t5
	bas5-evp
	Level of water evaporated from the surface of a 5m2 pool 
	 E, mm 

	t6
	bas5-wtm
	Temperature of water in the 5m2 pool 
	  t-0°C  

	t7
	bas5-etw
	Resilience of water vapour at a given water temperature in a 5m2 pool 
	  e-0  

	t8
	bas5-dtw
	Difference between the saturation resilience and the air absolute humidity at the 2m height for a 5m2 pool 
	e0 - e200

	t9
	bas3-evp
	Level of water evaporated from the surface of a 3m2 pool 
	 E, mm 

	t10
	bas3-wtm
	Temperature of water in the 3m2 pool 
	  t-0°C  

	t11
	bas3-etw
	Resilience of water vapour at a given water temperature in a 3m2 pool 
	  e-0  

	t12
	bas3-dtw
	Difference between the saturation resilience and the air absolute humidity at the 2m height for a 3m2 pool 
	e0 - e200

	t13
	p031-evp
	Level of water evaporated from GGI-3000-1 
	 E, mm 

	t14
	p031-wtm
	Temperature of water in GGI-3000-1 
	  t-0°C  

	t15
	p031-etw
	Resilience of water vapour at a given water temperature in GGI-3000-1 
	  e-0  

	t16
	p031-dtw
	Difference between the saturation resilience and the air absolute humidity at the 2m height for GGI-3000-1 
	e0 - e200

	t17
	p032-evp
	Level of water evaporated from GGI-3000-2 
	 E, mm 

	t18
	p032-wtm
	Temperature of water in GGI-3000-2 
	  t-0°C  

	t19
	p032-etw
	Resilience of water vapour at a given water temperature in GGI-3000-2 
	  e-0  

	t20
	p032-dtw
	Difference between the saturation resilience and the air absolute humidity at the 2m height for GGI-3000-2 
	e0 - e200

	t21
	p033-evp
	Level of water evaporated from GGI-3000-3 
	 E, mm 

	t22
	p033-wtm
	Temperature of water in GGI-3000-3 
	  t-0°C  

	t23
	p033-etw
	Resilience of water vapour at a given water temperature in GGI-3000-3 
	  e-0  

	t24
	p033-dtw
	Difference between the saturation resilience and the air absolute humidity at the 2m height for GGI-3000-3 
	e0 - e200

	t25
	atmt-atm
	Air temperature at the 2m height 
	t air °C

	t26
	atme-ea2
	Air absolute humidity at the 2m height 
	 e-200 

	t27
	wnd2-wd2
	Wind speed at the 2m height 
	 U-200 м/с

	t28
	prcp-prc
	Precipitations by the readings of the evaporation gauge 
	precip., mm

	t29
	rele-rle
	Air relative humidity at the 2m height 
	f,%

	t30
	defe-def
	Air humidity deficiency at the 2m height 
	Def

	t31
	gt20-gtm
	Soil temperature at the 20cm deep 
	t soil °C

	t32
	 magnus
	Value of the saturation resilience at a given temperature, calculated by the Magnus formula 
	 е-0

	t33
	 e-max2
	Value of the saturation resilience at a given temperature, according to the readings of psychometrical tables 
	 е-0

	t34
	 def1
	Air humidity deficiency, by the Magnus formula 
	 е-0

	t35
	 def2
	Air humidity deficiency, by the psychometrical tables 
	 е-0

	t36
	 date
	Number of days before/after the summer solstice 
	 days



To compare the influence of various parameters on the value of an error, we recounted the parameters' meanings into relative units using the following formula:


[image: image1.wmf]average

average

measured

i

t

t

t

t

-

=

  

The only exception is the parameter referring to the maximal height of the sun above the horizon and the length of the day. It was proved that the evaporation measurement error depended on these data [1]. To make our calculations of the influence of these factors more accurate, we introduced a new parameter, namely, the number of days before/after the summer solstice. For example, on April 23 and on August 23, the length of the day and the maximal height of the sun above the horizon are equal. But from the point of view of the amount of water evaporation, they are different. 
Physical-mathematical model. Description


To build our physical-mathematical model for water evaporation measurement, we used the initial data they had been receiving at the Valdai GGI experimental field since 1968. At the Valdai field, they have three measurement grounds: 
- on the shore, 

- on the continent, 

- and on the water surface (on a raft in the Valdai lake). 
On each ground, there is a 20m2 evaporation measurement pool and a GGI-3000 gauge. The shore ground is better equipped than the others, and observations on it, practically, have never been interrupted. So, the data received from this ground were used as the basic ones for building our new model for water evaporation measurement. The shore ground is equipped with a 20m2- , a 5m2- , and a 3m2 evaporation measuring pool. Besides, on the ground, there are three evaporation gauges of the GGI-3000 type, one of which is heat-insulated. In this article, it is further referred to as gauge No.3. 

Thus, we have to analyze the readings of six evaporation gauges, three of which are of the same GGI-3000 type. In this case, we can apply a well-known method of comparison [2]. We eliminate the error system component as mathematically expected difference in readings of the evaporation gauges. As a result, we receive the following values of 
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: 
– GGI-3000 No.1 – 0,009mm2 

– GGI-3000 No.2 – 0,056mm2 

– GGI-3000 No.3 (heat-insulated) – 0,090mm2 

– 3m2 pool – 0,148mm2 
– 5m2 pool – 0,200mm2 
– 20m2 pool – 0,295mm2 

These results show that the error accidental component for the GGI-3000 evaporation gauges is close to a one point error in the indicator panel of a water-level gauge used for the GGI-3000 functioning. Certain deviations in the values of the error accidental component of the GGI-3000 gauges were conditioned by the fact that GGI-3000 No.2 and No.3 had been withdrawn from the observation process for some time, to be painted, and thus, the homogeneity of the observation process was broken. Besides, the value of the error accidental component of the heat-insulated GGI-3000 (gauge No.3) could be influenced by a neglected error system component. Thus, for the GGI-3000 gauges, the error accidental component ranges from 0,1mm to 0,3mm. The error accidental component for the 20m2 evaporation-measured pool is, on the average, by three or four times bigger, and makes, approximately, 0,54mm.   

When determining the error system component, we assume that it is insignificant for the 20m2 pool. As for the rest of the observation objects, here are their values of the error system component - Δ: 
– GGI-3000 No.1 – 0,111mm

– GGI-3000 No.2 – 0,134mm

– GGI-3000 No.3 (heat-insulated) – 0,022mm

– 3m2 pool – 0,052mm

– 5m2 pool – 0,004mm


The results of observation proved our supposition about the ignorably small value of the error system component for the 20m2 pool. For the 5m2 pool, the error system component is insignificantly small. For the 3m2 pool, it is smaller than one point in the indicator panel of the water-level gauge. For the GGI-3000 evaporator measuring gauges, the error system component is significantly big, except for the heat-insulated one which was created especially to minimize the value of the error system component [3]. 

So, we see that the error accidental component for GGI-3000 gauges is small as compared with that of the evaporation measured pools, and, on the contrary, the error system component for GGI-3000 is big as compared with that of the evaporation measured pools. On the basis of the aforesaid, we create a linear dependency model for evaluation of the system error for GGI-3000 and the error accidental component for the 20m2 evaporation-measured pool, as follows: 
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Where  Δ0 – is the value of the error system component for GGI-3000, at the average values of 

         all the parameters on the day of the summer solstice, 
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 – the value of the error accidental parameter for the 20m2 pool at the average values 
          of all the parameters on the day of the summer solstice, 


N – the number of parameters, 

ai  and  bi   – coefficients. 
Thus, the system- and the accidental components of error are supposed to be regarded as a plane in the N-space. 

Table 1 shows that all the 36 parameters can be used for the calculation, though it is not absolutely necessary to do. For example, when you evaluate the error system component for GGI-3000, it is advisable to use only such parameters as the level of the evaporated water, the water temperature, resilience of the water vapour at the given water temperature and the difference between the resilience of saturation and the air absolute humidity at the 2m height. All the readings should be taken from a certain evaporation measuring gauge, and should not be connected with the evaporation-measured pools. You should use the same procedure to evaluate the error accidental component of the evaporation-measured pools. Similarly, there is no sense in simultaneous usage of the data on the resilience of saturation and the deficiency of humidity calculated with the help of the empirical Magnus formula and the same data received with the help of the psychometrical tables. 

The planes are drawn with the help of the smallest squares method. By calculating the dispersion of deviations, from these planes, of the results of your measurements, you can appreciate the level of accuracy of your evaluations. 
Results

Finally, we received the following dependencies of the error system component for GGI-3000: 
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and the error accidental component for the 20m2 evaporating pool: 
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As aforesaid, all the parameters of ti are given in relative units. Thus, the coefficients for the error system component are expressed in mm , and those for 
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 are expressed in mm2. And only the parameter t36 , denoting the number of days before/after the summer solstice, is expressed in days. 

Now we'll analyze the influence of various parameters on the error system– and accidental components, in order of decrease of their influence. 

In the influence on the error system component, the first place takes resilience of the water vapour calculated by the water temperature. The second place takes the water temperature. Then goes the air temperature, and then – the air humidity, the difference between the resilience of saturation and the air absolute humidity, resilience of saturation at a given air temperature, the level of the evaporated water, the wind speed, the soil temperature, relative humidity. To sum up the aforesaid, the value of the error system component is influenced mainly by the parameters referring to the speed of evaporation, then go the temperature parameters, and then – the wind speed and air humidity.  

In the influence on the error accidental component, the first place takes the air temperature. Then go absolute humidity, the value of the resilience of saturation at a given air temperature, resilience of the water vapour at a given water temperature, relative humidity, the soil temperature and the number of days before/after the summer solstice. It is important to mark that the value of the error accidental component depends mainly on the coefficient independent of the parameters. The most important role in the error accident component and, alike, in the error system component, is played by the parameters connected with evaporation speed. Parameters connected with absorption of the heat energy are also important in this process. 
Conclusion

The 20m2 evaporating pool in combination with the three GGI-3000 evaporation gauges, set side by side, can serve as an initial standard model for evaporation measurement. This standard model is capable of self-controlling, using the described above method. The heat-insulated GGI-3000 TM can serve as a secondary standard model after its error system component is corrected with the help of this newly developed method. 
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