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1 INTRODUCTION

1.1 CONSUMPTIVE USE

The hydrologic cycle describes the movement of water on, above, and below the surface of the
Earth. The two major components of the hydrologic cycle on a continental scale are precipitation and
evapotranspiration, the combined process of evaporation and transpiration. Evaporation can occur
from wet leaf or soil surfaces, as after a rainfall, as well as from water surfaces. Transpiration is the
term used to describe water movement in plants starting from the root zone, through the root system,
up the plant stem, to the leaves, and finally into the atmosphere through small pores in the leaves. The
combination of evaporation and transpiration is termed evapotranspiration (ET). Reference
Evapotranspiration has become a commonly used term to describe the rate of ET from a green grass
cover of uniform height in well-watered condition which is disease and weed free. In this case, the
grass cover is termed the reference crop. Rates of reference evapotranspiration are related to a
number of meteorological variables such as air temperature, solar radiation, relative humidity, and wind
speed.

Reference evapotranspiration (ET.) at a location or region is used to determine the water
requirements of various crops. The water requirement is calculated by muitiplying ET. by a crop factor
(Kc) to relate the reference value to the evapotranspiration of a particular crop. The result is termed
ET«or and is also called the consumptive use or crop water requirement. ET=o» describes the water
requirement of the crop itself and must be adjusted for on-farm irrigation efficiency to determine the
amount of water that needs to be delivered to the field.

Estimates of evapotranspiration are critical for irrigation system design, determination of the net
irrigation requirements for a crop, and irrigation management. They are also vital to engineers,
planners, and others involved in water resources management and policy decisions.

1.2 NET IRRIGATION REQUIREMENTS

The net irrigation requirement of a crop is the difference between the crop water requirement and
the effective precipitation. Effective precipitation is any amount of precipitation that plants can use to
meet the evapotranspiration of the crop during the period of interest. The amount of precipitation that
goes to runoff or deep percolation below the root zone is not considered effective in reducing the
irrigation requirement. If effective precipitation exceeds consumptive use over the period of interest,
the net irrigation requirement is zero.

The term net refers to the irrigation requirements of the plant. It does not include inefficiencies of
the application system such as deep percolation due to over-irrigation or nonuniform application of
water to the field. Water not reaching the field due to fine spray and drift from sprinkler systems or
surface runoff is also not included in the net irrigation requirement. These inefficiencies, as'
demonstrated later, must be considered when determining the total irrigation water requirement for a
field or farm. Purposeful over-irrigation which may be necessary to avoid accumulation of salts or to
leach salts out of the root zone has also not been considered. (See, for example, Cuenca (1989) for
calculation of leaching fraction depending on soil and water salinity.)



2 PROJECT

2.1 BACKGROUND

The previous report on crop water requirements for Oregon was compiled by Watts, Dehlinger,
Wolfe, and Shearer (1968) and entitled Consumptive Use and Net Irrigation Requirements for Oregon
(Oregon State University, Agricultural Experiment Station Circular of Information 628). The method
used to calculate evapotranspiration for that publication was the Soil Conservation Service (SCS)
Blaney-Criddle method, a temperature-based method (USDA-SCS, 1964). Estimates contained in that
publication have been effectively used by engineers, farmers, planners, and others for allocation of
water resources in the state of Oregon for the last 25 years.

Improved estimating methods for evapotranspiration which include meteorological data in
addition to temperature have been developed since Circular of Information 628 was published. In
1984, Dan Basketfield, an OSU graduate student working with Richard Cuenca, completed analysis of
consumptive use and net irrigation requirement estimates for selected locations in Oregon using a
revised estimating method. Basketfield found considerable difference between the previous and
revised estimates (Basketfield, 1986). This prompted us to update Circular of Information 628.

A Water Resources Engineering Team (WRET) was formed by Cuenca in the Department of
Bioresource Engineering to focus on water resources issues. One of the top priorities identified by the
team was revision of the consumptive use and net irrigation requirements for Oregon. The goal was set
to compute consumptive use and net irrigation requirements for all economically important crops in
Oregon using an improved estimating method together with the computerized climatic data base
available from the Oregon Office of the State Climatologist. Initial funding for this project was provided
in a cooperative project with Spain by the U.S. Department of Agriculture (USDA) Office of International
Cooperation and Development and the OSU Agricuitural Experiment Station.

2.2 ESTIMATING METHOD

The modified Blaney-Criddle method (Doorenbos and Pruitt, 1977; Cuenca, 1989) developed at
the United Nations Food and Agriculture Organization (FAQO) was used to compute values of
consumptive use given in the Results section. Adjustments developed at the USDA Snake River Water
Conservation Research Laboratory for application in arid western states were also applied (Allen and
Brockway, 1982). The FAO modified Blaney-Criddle method was selected for a number of reasons.
First, this method relies predominantly on temperature data, the most common meteorological data
available in Oregon. Secondly, this method represents an improvement to the SCS maodified
Blaney-Criddle formula used in Circular of information 628. Cuenca (1989) compared the SCS
modified Blaney-Criddle method with evapotranspiration measured by accurate weighing lysimeters.
Results showed an underestimation of measured evapotranspiration, particularly for arid and high
elevation sites similar to many important agricultural areas in Oregon. In a comparison of 20
evapotranspiration estimating methods with accurate lysimeter-measured evapotranspiration from 11
sites around the world (Jensen et al., 1990), the FAO modified Blaney-Criddle method had a lower error
than any other estimating method applicable on a state-wide basis, considering the data available in
Oregon.



The FAO modified Blaney-Criddle procedure consists of first determining the reference
evapotranspiration using the following equation,

ETe =a + b{p(0.46T + 8.13)} (1)
where ET. = referenceET for grass, mm/d
p = percent of annual sunshine during month on a daily basis, %/d
T = mean air temperature, °C
a,b = climatic calibration coefficients

The a and b coefficients reflect effects of local meteorological conditions other than air
temperature on the evapotranspiration estimate. They are functions of the secondary meteorological
parameters of minimum relative humidity (RHww), ratio of actual to maximum possible sunshine hours
(n/N), and daytime wind speed. The complete procedure to determine the a and b coefficients, both
graphically and by equation, is indicated in Doorenbos and Pruitt (1977) and Cuenca (1 989).

To calculate the consumptive use or crop water requirement, ETr is multiplied by a crop
coefficient, K.. The form of the equation is,

EToop = Ke (ETrer) (2
where ETwop = crop evapotranspiration, mm/d

We determined a set of crop coefficients for important crops in Oregon using the report of Doorenbos
and Pruitt (1977) and from crop planting and development information collected from OSU Agricultural
Extension agents throughout Oregon. The complete procedure for development of the FAO crop
coefficient curve is given in Doorenbos and Pruitt (1977) and Cuenca (1989).

The last step was to calculate the net irrigation requirement by subtracting effective precipitation
from ET-p. We calculated effective precipitation using the Soil Conservation Service method as fully
described in Cuenca (1989).

2.3 CLIMATIC DATA

We selected two hundred and forty-four Oregon weather stations with long-term temperature
records for this project. The stations were distributed more or less evenly throughout the state. The
longest period of record for these stations was 88 years, the shortest record was 13 years, and the
average was 46 years. The lowest elevation station was at 3 m (10 ft), the highest at 1490 m (4888 ft),
and the average weather station was at 671 m (2201 ft).

The secondary meteorological data of minimum relative humidity (RH-.), ratio of actual to
maximum possible sunshine hours (n/N) and wind speed are required in Equation (1) for ET.. These
data were available for 21, 32, and 25 weather stations, respectively. The state of Oregon was divided
into three regions for the secondary meteorological data: (a) Coastal, (b) Willamette and southwestern
valleys, and (c) east of the Cascades. We used secondary weather stations corresponding to each
region to interpolate these parameters to the 244 weather stations with temperature data.

We used precipitation data from the 244 primary stations to compute effective precipitation. Ali
meteorological data were computerized with the assistance of the Oregon Office of the State
Climatologist.



2.4 CROP INFORMATION

The U. S. Weather Service has subdivided the state of Oregon into nine major climatic regions.
The seven regions that are most important agriculturally were subdivided into 27 smaller regions. For
consistency, the 27 agricultural regions identified in this report are identical to those used in the
Circular of Information 628 (Watts et al., 1968). The boundaries of the regions are shown in Figure 1.

We determined the economically significant crops for the 27 regions through 1988 harvest
statistics for Oregon obtained from the OSU Agricultural Resources and Economics Department. The
growing season must be expressed in terms of four stages for application of the FAQ crop coefficients;
(a) initial, (b) crop development, (c) mid-season, and (d) late season (Doorenbos and Pruitt, 1977;
Cuenca, 1989). We sent a questionnaire to each Oregon county extension office requesting
information concerning crop stage dates. We also utilized information from previous work (Basketfield,
1984; Doorenbos and Pruitt, 1977) to determine the stages for the various crops. The Crop and Soil
Science Department at OSU provided assistance to determine the planting and harvest dates. Table 1
shows the growing season of the selected crops for the 27 regions. Actual dates may vary from
year-to-year, thus the listed dates in Table 1 should be considered only as a general guideline.
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3 RESULTS

3.1 ETeop and NET IRRIGATION TABLES

The primary and secondary meteorological data were used to compute reference
evapotranspiration [ET. from Equation (1)] on a monthly basis. The FAO modified Blaney-Criddle
method, although originally developed and recommended for application on a monthly basis, has
shown surprisingly good comparison with more sophisticated and data-intensive methods even on a
daily basis (Allen and Brockway, 1983). On a monthly basis, the error of the estimate is less than that
for shorter time periods, thereby producing more reasonable estimates for irrigation planning and
management purposes.

The ET- values for all weather stations within a region were averaged to compute the regional
value. Equation 2 was used to compute estimates of the crop water requirement, ETwop, ON a monthly
basis using the values of K. developed for Oregon crops. The results are indicated by region and by
crop in the tables that make up the remainder of this section. These tables are presented on a
probability basis to be more useful for irrigation system design and management. For each crop,
monthly ET« values are listed on the basis of 5 out of 10 years (the mean or average), 6 out of 10
years, 7 out of 10 years, 8 out of 10 years, 9 out of 10 years, and 19 out of 20 years, corresponding to
the water requirement with a 50, 60, 70, 80, 90 and 95 percent probability. The amount of water
required increases with the probability level. For example, at 70 percent probability or 7 out of 10
years, the ETeop value listed would be equal to or more than the expected requirement for all but 3 years
out of 10. Only 3 years out of 10 would we expect a higher water requirement. ‘The seasonal total is
also given for each probability level. These probability values were determined using the actual
frequency distribution given by all years of data for each month at each probability level without
assuming an underlying statistical distribution. Previous studies have shown ET.. to be normally
distributed (Cuenca, 1989). The tabulated values are very close to a normal distribution, where one can
assume that the 5 out of 10 years is the mean or average value.

Knowledge of the probability level allows farmers, designers, planners, and others to evaluate
trade-offs between system cost and level of risk. For example, designing or managing an irrigation
system at the 70 percent probability, or 7 out of 10 year level, suggests that for 3 out of 10 years the
system will not have enough capacity, causing a potential reduction in crop yield. However, the added
cost to design the system at a higher level of probability than 70 percent could prove to be more than -
the possible losses due to expected yield reduction in 3 years out of 10. The most appropriate
probability level depends on the value of the crop, its susceptibility to yield reduction due to water
stress, and the acceptable level of risk on the part of the grower. Guidelines are shown in the Examples
section.

We computed the net irrigation requirement by subtracting the corresponding level of effective
precipitation (described in the Introduction section) from the crop water requirement for each month.
We used the actual frequency distribution of effective precipitation from analysis of all years of
available data for each probability level at each site. In this manner, no underlying statistical
distribution was assumed for effective precipitation. Net seasonal and monthly irrigation requirements
include the combined probability of ET- based on meteorological data and effective precipitation
based on precipitation data.

10



To locate your region and crop of interest, find the region number closest to the site of interest
from Figure 1. Table 1, with crop season dates, also lists major towns and region names. Table 2 lists
the region numbers, major town or region name, and the corresponding pages for these regions in the
results tables. Once the correct pages for the region of interest are located in the results tables, the
most economically important crops in that region are listed alphabetically. Example applications for
irrigation design and management purposes are given in the Examples section.
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Table 2. Index to ETcrop and Net Irrigation Requirement tables by region for

Oregon.
NUMBER REGION PAGES

1 North Coastal 13-15

2 South Coastal 16-18

3 Columbia River below Hood River 19-29

4 Tualatin Valley 29-39

5 Witlamette Valley 40 - 50

6 Umpqua River 51-58

7 Medford-Grants Pass 59- 64

8 Lake Creek-Little Butte Creek » 65-71

9 Hood River Valiey 71-78
10 Columbia River above Hood River . 79-85

11 East Slope of Mt. Hood 86 - 90
12 Columbia Basin Wheat Land 91-95
13 Pendleton-Heppner 96 - 102
14 Hermiston 102-110
15 Milton-Freewater 111 - 117
16 Madras-Redmond 118-123
17 Bend 123-127
18 Kiamath 128- 130
19 Lakeview 130-132
20 Harney Valley 132-134
21 Dayville-Canyon City 135- 137
22 Wallowa Valley 137-140
23 ‘Grande Ronde Valley 141-144
24 Baker Valley 145-149
25 Pine and Eagle Valleys 150 - 154
26 Malheur 155- 159
27 Jordan Valiey 160- 163

12
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