M5A1: Project 1: Water Balance
· Due Sunday by 11:59pm
 
· Points 100
 
· Submitting an external tool
 
· Available after Mar 8 at 12am
A lot of people think that drought means a lack of precipitation.  However, precipitation is only part of the equation.  Another important aspect about what we need to consider is the natural loss of liquid water to the atmosphere, the processes known as evaporation and transpiration (evapotranspiration).  The higher the temperature, the higher the rate of evaporation in a particular area.  Therefore, it is possible to have a drought in one region one year with a given amount of precipitation (35 inches), and to not have a drought the next year with less precipitation (30 inches).  This is caused by the latter year have a lower rate of evaporation due to lower temperatures.  For us to have a good understanding of the stresses that are placed on water resource it is necessary to have a good understanding of the hydro-climatic processes that are at work at different locations.  Here we are looking at the periods of surplus, water utilization, deficit, and recharge.  An analysis of these help indicate the severity of water needs in a particular area.  In the mid-latitudes, the winter season is generally associated with surplus, when the soil is holding its capacity of water, partially due to low rates of evaporation.  Spring is associated with water utilization, where the water stored in the soil from winter is being used up, at least until there is no water left in storage.  Summer is associated with periods of deficit, when there is no water in storage, due to a lack of precipitation and high evaporation rates.  The fall is associated with recharge, where moisture is being added to the soil due to declining levels of evaporation as the atmosphere begins to cool.  Below we are looking at 2 very different locations, Berkeley, California, which is in a fairly dry environment, with a winter-time precipitation maximum, and Terre Haute, Indiana, which has a peak of precipitation in the summer months.  Compare them for similarities and differences in their hydro-climatologic data.
A. Study the attached table in Figure 1 on of this Lab Exercise.  This represents the Water Budget of Berkeley, California.
B. Using the Terre Haute, Indiana, data given below, complete a data tabulation of the average annual water budget of the area:
WATER BUDGET FOR BERKELEY, CALIFORNIA (Figure 1)
	 
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D

	P
	13.0
	11.2
	9.4
	3.7
	2.4
	0.5
	0.1
	0.1
	1.3
	3.1
	6.2
	10.6

	PE
	2.6
	3.2
	4.5
	5.6
	7.1
	8.4
	8.8
	8.2
	7.5
	6.3
	4.3
	2.8

	P-PE
	10.4
	8.0
	4.9
	-1.9
	-4.7
	-7.9
	-8.7
	-8.1
	-6.2
	-3.2
	1.9
	7.8

	Change in ST
	0.0
	0.0
	0.0
	-1.9
	-4.7
	-3.4
	0.0
	0.0
	0.0
	0.0
	1.9
	7.8

	ST
	10.0
	10.0
	10.0
	8.1
	3.4
	0.0
	0.0
	0.0
	0.0
	0.0
	1.9
	9.7

	AE
	2.6
	3.2
	4.5
	5.6
	7.1
	3.9
	0.1
	0.1
	1.3
	3.1
	4.3
	2.8

	D
	0.0
	0.0
	0.0
	0.0
	0.0
	4.5
	8.7
	8.1
	6.2
	3.2
	0.0
	0.0

	S
	10.4
	8.0
	4.9
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0


Note:
· The data is in centimeters (cm)
· The estimated soil moisture is at field capacity
· In the data tabulation, complete one column at a time.  In this case, 
January serves as an acceptable starting point.
Consult the following web sites for information about water budgets and the following terminology:
http://www.earthonlinemedia.com/ebooks/tpe_3e/hydrosphere/water_balance_1.html (Links to an external site.)
http://ww2010.atmos.uiuc.edu/(Gh)/guides/mtr/hyd/home.rxml (Links to an external site.)
Key:
P = Precipitation
Change in ST = change in 10.0 cm storage
ST = Actual storage (somewhere between 0 and 10 cm, inclusive)
AE = Actual Evapotranspiration (never greater than the Potential Evapotranspiration); evapotranspiration -> is the combined processes of evaporation and transpiration; the delivery of water to the atmosphere by vegetation and by direct evaporation from wet surfaces
D = Deficit (Will only occur when the soil has no moisture; ST = 0) -> 
PE = Potential Evapotranspiration (the higher the temperature the greater; this is theamount that would be lost with an unlimited supply of water)
S = Surplus (will only occur at field capacity -> 10 cm -> soil is holding its maximum capacity of moisture
In terms of a water balance we generally look at 4 stages of water usage:  surplus, usage, deficit and recharge.  We are making an assumption, for the basis of this exercise, that the maximum storage capacity of the soil (field capacity) is 10cm.  Using this value, a surplus can only occur when the soil is at field capacity in storage (10cm).  Usage occurs as the soil water storage is reduced from 10 cm to none.  A deficit will occur only when the soil has no water in storage.  Recharge occurs as water is being added to storage, and the values of storage are increasing from 0 to 10 cm.  Upon reaching 10cm, the soil will be back in a surplus situation.  In the mid-latitudes, surplus is often associated with winter, usage with spring, deficit with summer and recharge with the Fall.  One other assumption that we make here is that with the Berkeley data we are starting with 9.7 cm in storage at the beginning of the year and the Terre Haute starts off being at field capacity with a value of 10 cm of storage from the previous December.
Use Figure 2 for the Terre Haute data.
 WATER BUDGET FOR TERRE HAUTE, INDIANA (Figure 2)
	 
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D

	P
	7.4
	6.8
	9.6
	9.4
	10.1
	10.2
	8.1
	8.2
	8.7
	6.9
	8.4
	7.5

	PE
	0.0
	0.0
	1.8
	4.9
	10.2
	13.4
	15.8
	13.8
	9.9
	5.2
	1.7
	0.1
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STEP 1:  P-PE is calculated by measuring Precipitation (P) minus Potential Evapotranspiration (PE) for each month. 
Example:  January at Berkeley is calculated as 13.0 minus 2.6, which equals 10.4.
STEP 2:  Soil Storage (ST) will be a value between 0 and 10 cm.  We will assume that in the previous December that the soil is saturated heading into January.  It will remain saturated until P-PE is a negative value.
Example: At Berkeley, P-PE is positive in January through March, so ST remains 10.0 in January through March.
STEP 3:  When P – PE becomes negative, that value is subtracted from soil storage, until ST reaches 0 or P – PE becomes positive again. 
Example: In April at Berkeley, P – PE is -1.9 cm. 10 – 1.9 is 8.1 cm.  In May at Berkeley, P – PE is -4.7 cm.  8.1 – 4.7 = 3.4 cm.  In June at Berkeley, P – PE is -7.9.  Since P – PE exceeds the Soil Storage of 3.4 cm from the previous month the Soil Storage (ST) goes down to 0.  It can’t go down to any value less than 0.
STEP 4:  The Soil Storage will remain at 0 until the P – PE becomes positive.
Example:  At Berkeley, P – PE remains negative in the months of July, August, September, and October.  Therefore, the storage remains 0.
STEP 5:  When P-PE becomes positive, that positive value is added back to storage.
Example:  At Berkeley in November P – PE is 1.9 and that added to the previous month’s storage of 0 gives a new storage value of 1.9.  In December a P –PE of 7.8 added to the previoos month’s storage of 1.9 is 9.7 cm.
STEP 6:  The change in storage is simply the change from the previous month’s value.
Example:  At Berkeley in December, the change in storage from the previous month is 9.7 (December) minus 1.9 (November), which equals 7.8.
STEP 7:  The difference between Potential Evapotranspiration (PE) and Actual Evapotranspiration (AE), is that PE represents the value that would exist with an unlimited amount of moisture at a given temperature, while AE represents the amount that could evaporate given the amount of precipitation (P) and water in storage (ST), that is actually available.  As long as the soil is t full capacity (field capacity, which equals 10 cm), and P – PE is positive, AE and PE will be the same.
Example:  At Berkeley, ST is at 10 and P – PE is positive in the months of January, February, and March.  So, AE and PE are the same value.
STEP 8:  When P – PE is negative, but ST is still above 0 for the entire month, AE and PE will still be the same value.
Example:  At Berkeley, ST is still above 0, while P – PE is negative in the months of April and May, so the AE and PE are still the same.
STEP 9:  Often we will have a month of transition where P – PE is a greater negative value than can be supplied by water in soil storage (ST).  In this case AE is calculated by combining the precipitation from the current month and adding this with the storage that was available from the previous month:
Example:  In Berkeley in the month of June P – PE was -7.9.  There was only 3.4 cm of water in storage in the previous month May.  To calculate the AE we combine the storage that was available in May and the precipitation (P) that fell in the month of June:  3.4 plus 0.5 equals 3.9 cm of AE.  AE will always be equal to or less than PE, but never more.
STEP 10: If there is 0 water in storage and P – PE is a negative value, AE will be equal to only the amount of precipitation that falls.
Example:  At Berkeley there is 0 water in storage and P – PE is negative in July, August, September, and October.  So AE is equal to the precipitation that fell in each of these months only.
STEP 11:  Once P – PE becomes positive AE and PE will be equal to one another.
Example:  At Berkeley in November P – PE equals 1.9.  This is also the value of AE since sufficient moisture is now available.
STEP 12:  Deficits are only possible when there is 0 water in storage (ST), and is the difference between PE and AE.
Example: At Berkeley in June, ST is 0, PE is 8.4, and AE is 3.9.  PE minus AE is 8.4 minus 3.9, which equals a deficit of 4.5 cm.
STEP 13: Surpluses are only possible when soil storage (ST) is at 10 cm, and is the difference between P and AE.
Example: At Berkeley in January P was 13.0 cm and AE was 2.6.  The surplus is equal to P minis AE which is 13 minus 2.6, which equals a surplus of 10.4 cm.
Of course, Berkeley is a west-coast Mediterranean climate (distinct wet and dry seasons), and Terre Haute is a mid-latitude continental climate.  How do these 2 locations compare in their surplus, deficit, usage, and recharge characteristics?  Describe in detail, how and why these areas have differences in their characteristics.  Remember to look at characteristics such as geographic position, topography, elevation, climate, prevailing winds, access to moisture, etc.  This should be 2-4 pages, double-spaced in length (about 400 to 800 words).
Compose your work in a .doc or .docx file type using a word processor (such as Microsoft Word, etc.) and save it frequently to your computer. For those assignments that are not written essays and require uploading images or PowerPoint slides, please follow uploading guidelines provided by your instructor.
Check your work and correct any spelling or grammatical errors. When you are ready to submit your work, click “Upload Submission.” Enter the submission title and then click on “Select a file to upload.” Browse your computer, and select your file. Click “Open” and verify the correct file name has appeared next to Submission File. Click on “Continue.”  Confirm submission is correct and then click on “Accept Submission & Save.”
Turnitin®
This course has Turnitin® fully integrated into the course dropbox. This means that you should only submit your assignments to the dropbox below. Please do not submit your assignment directly to Turnitin.com.
Once submitted, your assignment will be evaluated by Turnitin® automatically. You will be able to view an Originality Report within minutes of your first submission that will show how much of your work has been identified as similar to other sources such as websites, textbooks, or other student papers. Use your Originality Report as a learning tool to identify areas of your assignment that you may not have cited appropriately. You may resubmit your assignment through this dropbox as many times as you need to check to see if you have made improvements, until the due date of the assignment.However, once you have made your first submission, you will need to wait 24 hours after each subsequent submission to receive a new Originality Report. Plan accordingly as you draft your assignment. Once the due date has passed, your assignment submission will be considered final.
Evaluation
This assignment will be graded using the Written Assignment Grading Rubric located on the Course Rubrics page within the Start Here section of the course.  Please review the rubric prior to beginning your work so that you ensure your submission meets the criteria in place for this assignment.  This assignment is worth 15% of your final course grade.
The following content is partner provided


