Department of Civil Engineering

CE 431 Hydrology

Laboratory Problem #6

Estimating Seasonal Consumptive Use and Water Requirements

Objectives: 
To estimate consumptive use of water and water requirements of crops using the method of Blaney & Criddle. (USDA Tech. Bulletin No. 1275)

Procedure: 


1. For a weather station location you choose from the given list, determine the four crops showing greatest acreages in the county in which your station is located.  Determine the normal monthly temperature, precipitation, and average spring and fall “frost dates”.  Tabulate these data, noting also the latitude of the assigned station.

2. From the text (Table 4.6), determine monthly percent of daytime hours of the year for each month at the latitude of the station used.

3. Calculate consumptive use factor “f” for each month of the year, and make a summation for the season.  Recall: f = tp/100

4. Tabulate results obtained and calculate the estimated growing season consumptive use of water for different crops commonly grown near the station assigned.  Use “U.S. Census of Agriculture” or an online encyclopedia to find crops grown.  Recommended values of the seasonal consumptive use factor “K” for various crops in Western U.S. are given in Table 4.  Assume that use begins on the normal last-day-of-killing frost (28oF) in the spring and ends at the end of the normal growing period given in Table 4, except for those crops with a shorter growing season than the “Frost-free” period.  (note:  K = k)

5. By comparing with normal growing-season precipitation figures at your station, calculate the average seasonal deficiency of precipitation to fill the needs of each of the crops chose.

6. Assuming that the water deficiency will be provided by irrigation water, calculate the acre-feet of water per acre which must be made available (yes this is just feet of water). 

7. In the procedures used you will note that in some months of the growing season, the precipitation may be in excess of the consumptive use.  Discuss the effectiveness of such water in meeting crop requirements.

8. Write a report of your results.

References:

1. “Determining Consumptive Use and Irrigation Water Requirements” Blaney and Criddle. USDA Technical Bulletin No. 1275

2. Census of Agriculture for the various states of the U.S. (Documents Section of the H. B. L. Library at Brigham Young University)

3. Climatological Data for the various states of the U.S.

4. “Climate and Man” Yearbook of Agriculture, U.S. Dept of Agriculture

5. (Go to a website for most common crops).

1. Spokane, Washington

2. San Diego, California

3. Milford, Utah

4. Phoenix, Arizona

5. Bozeman, Montana

6. Riverside, California

7. Corvallis, Oregon

8. Denver, Colorado

9. Grand Island, Nebraska

10. Baker Oregon

11. Boise, Idaho

12. Cheyenne, Wyoming

13. Fresno, California

14. Pullman, Washington

15. Santa Fe, New Mexico

16. Holbrook, Arizona

17. Davis, California

18. Farmington, Utah

19. Pocatello, Idaho

20. Cody, Wyoming

21. Billings, Montana

22. Ely, Nevada

23. Bakersfield, California

24. Vernal, Utah

25. Grand Junction, Colorado

26. Las Cruces, New Mexico

27. Amarillo, Texas

28. Pueblo, Colorado

29. San Jose, California

30. Logan, Utah

31. Redding, California

32. Riverton, Wyoming

33. St. George, Utah

34. Tucson, Arizona

35. Albuquerque, New Mexico

36. Lubbock, Texas

37. Blanding, Utah

38. Merced, California

39. Las Vegas, Nevada

40. Laramie, Wyoming

41. Carson City, Nevada

42. Sacramento, California

43. Moscow, Idaho

44. Salinas, California

45. Yuma, Arizona

46. Idaho Falls, Idaho

47. Salt Lake City, Utah

48. Moses Lake, Washington

49. El Centro, California

50. Fort Collins, Colorado

51. Colorado springs, Colorado

52. Durango, Colorado

53. North Platte, Nebraska

54. Jerome, Idaho

55. Twin Falls, Idaho

56. Great Falls Montana

57. Favre, Montana

58. Globe, Arizona

59. Nogales, Arizona

60. Prescott, Arizona

61. Chandler, Arizona

62. Bowie, Arizona
63. Ingman, Arizona

64. Snowflake, Arizona

65. Cedar City, Utah

66. Brigham City, Utah

67. Rexburg, Idaho

68. Burley, Idaho

69. Preston, Idaho

70. Modesto, California

71. Chico, California

72. Eureka, California

73. Whichita, Kansas

74. Salina, Kansas

75. Worland, Wyoming

76. Farmington, New Mexico
Consumptive Use and Water Requirements

Monthly percentages of annual daytime hours computed from possible sunshine hours (1) for latitudes covering most cropland areas of the world are shown in appendix, table 16.  It is realized that computed daytime hours may be somewhat misleading, particularly in areas where heavy fog or stormy weather exists during the crop-growing season; however temperatures tend to correct this effect.  If humidity records are available, these may also be used as a correction (16).  It is to be understood that if actual data are available, these should be improved in the future, the theoretical values will be replaced by actual values in many computations.
Consumptive-Use Formula

Disregarding many influencing factors, consumptive use varies with the temperature, length of day, and available moisture regardless of its source (precipitation, irrigation water, or natural ground water).  Multiplying the mean monthly temperature (t) by the possible monthly percentage of daytime hours of the year (p) gives us a monthly consumptive-use factor (f).  It is assumed that crop consumptive use varies directly as this factor when an ample water supply is available.  Expressed mathematically in English units u = kf and U  = sume of kf = KF where,



t = mean monthly temperature, in degrees Fahrenheit.



p = Monthly percentage of daytime hours of the year.



f = 
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u = Monthly consumptive use, in inches.



U = Seasonal consumptive use (or evapotranspiration), in inches.

F = Sum of monthly consumptive-use factors for the period (sum of the  

       products of mean monthly temperature and monthly percentage of  

       daytime hours of the year).

K = Empirical consumptive-use crop coefficient for irrigation season or  

       growing period.  (This has been found to be reasonably constant for 

       all areas.)

In metric units,



u = kp 
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= Monthly consumptive use, in millimeters.



t = Mean monthly temperature, in degrees Centigrade

The consumptive-use factor (F) may be computed for areas for which monthly temperature records are available, if the percentages of hours that are shown in appendix table 16 are used.  Then, the total crop consumptive use (U) is obtained by multiplying (F) by the empirical consumptive-use crop coefficient (K).  This relationship allows the computation of consumptive-use anywhere in the world for crops for which coefficients have been experimentally established or which can be estimated.  Appendix tables 17 and 19 contain calculated normal monthly consumptive-use factors (f) and average monthly precipitation (r) for areas in Western United States and in various areas of the world.  From these data the seasonal factor (F) can be determined for any growing period at these locations.

Table 4. –

Seasonal Consumptive-use Coefficients (K) for Irrigated 

Crops in Western United States

	Crop
	Length of normal growing
	Consumptive-use

	 
	season or period 1
	coefficient (K) 2

	Alfalfa
	Between Frosts
	0.80
	to
	0.90

	Bananas
	Full year
	0.80
	to
	1.00

	Beans
	3 months
	0.60
	to
	0.70

	Cocoa
	Full year
	0.70
	to
	0.80

	Coffee
	Full year
	0.70
	to
	0.80

	Corn (Maize)
	4 months
	0.75
	to
	0.85

	Cotton
	7 months
	0.60
	to
	0.70

	Dates
	Full year
	0.65
	to
	0.80

	Flax
	7 to 8 months
	0.70
	to
	0.80

	Grains, small
	3 months
	0.75
	to
	0.85

	Grain, sorghums
	4 to 5 months
	0.70
	to
	0.80

	Oilseeds
	3 to 5 months
	0.65
	to
	0.75

	Orchard crops:
	 
	 
	 
	 

	       Avocado
	Full year
	0.50
	to
	0.55

	       Grapefruit
	Full year
	0.55
	to
	0.65

	       Orange and lemon
	Full year
	0.45
	to
	0.55

	       Walnuts
	Between Frosts
	0.60
	to
	0.70

	       Deciduous
	Between Frosts
	0.60
	to
	0.70

	Pasture crops:
	 
	
	 
	 

	       Grass
	Between Frosts
	0.75
	to
	0.85

	       Ladino Whiteclover
	Between Frosts
	0.80
	to
	0.85

	Potatoes
	3 to 5 months
	0.65
	to
	0.75

	Rice
	3 to 5 months
	1.00
	to
	1.10

	Sisal
	Full year
	0.65
	to
	0.70

	Sugar Beers
	6 months
	0.65
	to
	0.75

	Sugar cane
	Full year
	0.80
	to
	0.90

	tobacco
	4 months
	0.70
	to
	0.80

	Tomatoes
	4 months
	0.65
	to
	0.70

	Truck crops, small
	2 to 4 months
	0.60
	to
	0.70

	Vineyard
	5 to 7 months
	0.50
	to
	0.60


1 Length of season depends largely on variety and time of year when the crop is grown.    

  Annual crops grown during the winter period may take much longer than if grown in the  

  summertime.

2 The lower values of K for use in the Blaney-Criddle formula, U = KF, are for the more 

  humid areas, and the higher values are for the more arid climates.
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