Penman-Monteith Evapotranspiration Worksheet		Intro to Critical Zone Science
I. Goals:
· Download and manipulate energy and water flux data from the CZO database

II. Objectives:
· Use Excel to calculate derived energy and water fluxes
· Compare and understand differences between measured and calculated fluxes

III. References:
· Adopted from “Reference Evapotranspiration Worksheet” by Shirley Papuga, Univ AZ, 2013
· CZO National Database, <criticalzone.org/national/data/>
· Allen, R.; ASCE-EWRI Standardization of Reference Evapotranspiration, ID Ag. Experiment Sta., 
<extension.uidaho.edu/kimberly/tag/reference-evapotranspiration/>
· Allen, Pereira, Raes, Smith; Crop evapotranspiration - Guidelines for computing crop water requirements - FAO Irrigation and drainage paper 56, 
<www.fao.org/docrep/x0490e/x0490e00.htm>

IV. Reading:
· Brown, P.; Standardized Reference Evapotranspiration, AZ Coop. Extension Pub. az1324, 2005, 12 p. <extension.arizona.edu/sites/extension.arizona.edu/files/pubs/az1324.pdf>

V. Evapotranspiration (ET)

Based on your reading, what is the definition of evapotranspiration? (1 pt)
	1. 









List at least three ways that vegetation affects rates of evapotranspiration (1 pt)
	2. 

	3. 

	4. 




What four “weather” conditions (as measured by a micro-met station) affect ET? (2 pts)
	5. 

	6. 

	7. 

	8. 



Of the four weather parameters that can affect evapotranspiration, what factor is most responsible for local variations in ET? Why? (2 pts)
	9. 








VI. Calculations of Standardized ET using the Modified Penman Equation

Based on the reading, write the Standardized ET equation as used by the AZMET network (Eq.2): (2 pts)
	10. 







The factor 0.408 converts MJ m-2 d-1 to mm d-1. If Rn is in W m-2, divide by 11.57 to convert to MJ m-2 d-1
The factor 900 is for short grass; a factor of 1600 is more appropriate for alfalfa.

What are the four meteorological variables required for calculating ET using the above equation? Also list the typical SI units and equivalent values you would use in a generic unit analysis? (4 pts)
	Symbol
	Name
	SI Unit
	L-M-t Unit

	11. 
	
	
	

	12. 
	
	
	

	13. 
	
	
	

	14. 
	
	
	



VII. Steps to Calculate Reference Evapotranspiration
Strategy – We will place our calculations on a separate worksheet/page, which will make it easier to move to other spreadsheet data sets later. There are 5 meteorological and flux fields we need to make this calculation. They are: air pressure, air temperature, relative humidity, wind speed, and net radiation. Since there is no guarantee which columns will contain these data, we will copy or link the columns containing these fields to our new worksheet. If your data set does not contain net radiation, you will need to estimate it using the procedures described in the Reference section. Note that CZO field sites typically look nothing like a flat field of short or long grass so this is just a rough estimate of ET.
a. Link to the first 6 columns of the “daily_met1” worksheet (date, Battery, Pa, Ta, RH, wind) by highlighting the first five data fields, End, Shift Down arrow, Ctrl C; moving to the new worksheet, cell A1, right click, select link (chain-link icon) under paste options. We don’t need the Battery column so it can be deleted (right click on column header cell B, delete). You may need to reformat the Date column (right click on column header cell A, Format cells, Number tab, choose date format you like).
b. We also need Net Radiation so highlight N1, End, Shift down arrow, Ctrl C; move to F1 in the new worksheet; right click, select link under paste options. If Rn is in W m-2, divide by 11.57 to convert to MJ m-2 d-1. We will convert from MJ m-2 d-1  to W m-2 in step J.
c. There are many ways to do this calculation. I like to break the problem down into intermediate values that might show up several times and slowly build up the fundamental pieces – like the saturated vapor pressure and psychrometric constant in separate columns. Here is the order I used (assumes battery Voltage was deleted) following the formulas in the Appendix of the assigned reading (Brown, AZMET).
d. Column G: = Tair+237.3 [ deg C]
e. Column H: =Tair+273.1 [deg K]
f. Column I: calculate Saturation vapor pressure (VPsat) using equation A16 @ Tair)avg.
g. Column J: calculate Slope of the Saturation Vapor Pressure curve (Δ) using equation A1. Use 4098 rather than 2503 (consistent with Δes/∆T and Allen’s Spreadsheet but not text).
h. Column K: calculate Psychrometric Constant (γ) using equation A11. Convert mb to kPa, if necessary using 1 mb = 0.1 kPa.
i. Column L: calculate Actual vapor pressure (VPa) using equation A17.
j. Column M: calculate Reference Crop Evapotranspiration (ET) using equation 2. Convert to [W/m2] by multiplying the whole thing by 11.57/0.408.
Now you have a means of estimating reference crop ET which can easily be moved to worksheets containing other daily data sets, as long as the first 6 columns are relinked in the proper order.
VIII. Homework  (to be done individually; due at beginning of next class)
Directions: Starting from the data you used in your previous homework or picking another site or time period (not Jemez High-Elev ZOB), complete and hand in the following:
· Graph or Excel file
· Make a scatter plot of Net Radiation and Reference ET vs. date. 
· Completed Worksheet, including the following questions:
	[bookmark: _GoBack]15. What is the relationship between these Rn and ref. ET? (1 pt)






	16. How does your average value of reference ET compare with the example from class (Valle Caldera mixed conifer site)? What is responsible for these differences? (2 pts)
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