GGR 206F – Introduction to Hydrology

Department of Geography, Fall 2005

Hydrology Lab #2:  Evapotranspiration
(Total score: 10 marks, i.e., 10% of final score)

1. A lake surface lost 5 mm of water in 10 hours. On average, what was the evaporation rate in mm h-1 (denoted using the symbol Ew ) (0.3 mark) and in W m-2 (denoted using 
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) (0.7 mark)?
Hint: For evaporation in unit of latent heat per unit surface area per unit time, use the equation:
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where Ew is the evaporation rate in unit of volume of water per unit surface area per unit time (i.e., mm/h); ( is the latent heat of vaporization in unit of energy per unit weight of water, equal to 2.49(103 J g-1 (at 20(C); and 
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is the water density in unit of weight per unit volume of water, equal to 1 g cm-3. Note that 1 W=1 J s-1. 

2. A grass surface is exposed to an incoming solar radiation of 1000 W m-2 near noon, and the surface albedo to solar radiation is 20%. Longwave radiation from the sky at the time is 270 Wm-2, and longwave emission from the surface is 350 W m-2. How much is the net radiation in W m-2 (0.5 mark)? With this net radiation, if the heat transfer to soil is 5% of the incoming solar radiation and the sensible heat transfer to the atmosphere is 15% of the net radiation, what is the evapotranspiration rate in W m-2 and in mm h-1, assuming the remaining radiation energy is all consumed by evapotranspiration (1 mark)? What is the value of the Bowen Ratio at this time (0.5 marks)? 

3. Given the following conditions for a grass land and a conifer forest at a given time, calculate evapotranspiration (ET) for the grass and conifer, separately, in mm/s, using the Penman-Monteith equation (4 marks)
Incoming short-wave radiation:
K
=
410 W m-2
Net long-wave radiation:
L*
=
-90 W m-2
Ground heat flux (downward)
Qg
=     10 W m-2
            Albedo:
(
=
0.05 (conifers)



=
0.15 (grass)

Aerodynamic resistance:
ra
=
20 s m-1 (conifers)



=
60 s m-1 (grass)

The canopy resistance for grass and conifer:
rs     =    
150 s/m

Slope of the SVP curve:
(
=
1.53 mb (C-1
Psychrometric constant:
(
=
0.66 mb (C-1
Latent heat of vaporization of water:
(
=
596 cal g-1
Air temperature at 2 m:
Ta
=
25(C
Air dew point temperature at 2 m:
Td
=
14(C
Air density:
(     =     
1.225 kg m-3

Specific heat of dry air
Cp   =     
1004 J (C-1 kg-1


Hint: steps are: 

(1) to calculate the net radiation, considering all components of radiation;
Rn=(1-()K+L*

(2) to calculate the net available energy for ET:

H= Rn-Qg
(3) to calculate saturated and actual water vapor pressure from air temperature and dew point temperature using 
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where es is the saturated water vapor pressure in mb, and T is the air temperature 

in (C
(4) to calculate ET using the following Penman-Monteith equation (check conversion and consistency of units). Note: 1 W = 1 J s-1; 1 cal = 4.186 J; water density
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 is 1 g cm-3 (i.e., 1 g of water in weight equals 1 cm3 of water in volume. This conversion should be made to obtain the unit of mm s-1)
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4. In the above case, if both conifer and grass are under water stress, i.e., soil available water can not meet the demand for ET, the canopy resistance can increase dramatically. If the canopy resistance for both conifer and grass is increased to 550 s m-1, what would be the ET value in mm s-1 and in W m-2 for conifer and grass, respectively (2 marks)?. 

Note: you only need to repeat the step 4 in Question 3 with the new value for canopy resistance, and to convert the unit based on Question 1.

5. From Questions 3 and 4, discuss the roles of aerodynamic and canopy resistances in evapotranspiration (ET), and then answer the following questions (1 mark):

i) as the plant height increases, will ET increase or decrease? Why?

ii) as the soil water content reduces, will ET increase or decrease? Why?

Note: Provide at least one full sample of the procedures used.  

Please hand in your original graphs and charts (not photocopies).

� EMBED Equation.3  ���




















1

_1190369907.unknown

_1190462221.unknown

_1190369598.unknown

_1190369359.unknown

_1094545577.unknown

