Determining Daily Reference
Evapotranspiration (ETo)
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Introduction

Evapotranspiration (ET) information can be used to determine how much
water has evaporated from a cropped field. In most situations, daily ET by a
crop equals the depletion of water from the soil that day. Therefore,
records of accumulated ET between waterings can be used to determine when and
how much irrigation water to apply to a crop.

If too much irrigation water is being applied, ET information may reduce
water and energy expenses, reduce fertilizer requirements, and improve pest
management, cultural practices, and labor. If too little water 1is being
applied, using ET information may increase crop yield and improve quality.

Anyone interested in better water management or in the on-farm
application of computers will find this leaflet useful as a first step in
developing an ET-based irrigation scheduling program. Information and pro-
cedures to determine daily reference ET -for calculating '"normal" crop ET for
any location in California are presented.
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Evapotranspiration

Evapotranspiration (ET) is the sum of evaporation (E) from soil and
plant surfaces and transpiration (T), which is the evaporation that takes
place within plant leaves and the vapor that diffuses into the air through
pores (stomata) on the leaf surfaces. The amount of ET that takes place on
any day depends on the weather, crop age, and crop size and roughness. To
obtain exact crop ET values, sophisticated equipment and substantial
investment of time and money are required. Satisfactory results, however,
can be obtained by using a reference ET value (ETo) and a correction factor
(Ke) to relate the reference value to the ET of a particular crop (ETc).
Average or normal daily ETo rates for any location in California can be
developed from information provided in this leaflet.

Reference evapotranspiration (ETo) approximates the ET of a large field
of 4- to 7-inch tall, cool-season grass (or uncut pasture) that is not water
stressed. The ETo can be measured directly, but usually it is calculated
from measured weather data. The calculated ETo represents an extensive area
around the measurement site. Hence, ETo from a central location can be used
by many nearby growers to estimate ETc for a variety of crops. The area rep-
resented by ETo from a particular location varies in size, depending on con-
sistency of climate within the region. ETo calculations from inland
California valleys represent large areas. The areas are much smaller along

the coast where wind, fog, and cloudiness vary considerably within short
distances.

This leaflet provides information to help determine normal daily ETo,
which can be beneficial to growers in itself. Real-time (current) ETo infor-
mation for most agricultural regions of the state is also available through
the California Irrigation Management Information System (CIMIS). These real-
time data can be substituted for normal data if a refined irrigation schedule
is desired. Information on the computer dialup service and access to the ETo
information can be obtained by writing:

California Department of Water Resources
Water Conservation Office

1020 9th Street, 3rd floor

Sacramento, CA 95814

Daily ETo values are multiplied by crop coefficient (Kec) values to
determine daily evapotranspiration for a particular crop (ETe). This rela-
tionship is ETo x Kc = ETe. Many crop coefficients and the methodology to
determine ETc for a variety of crops are discussed in UC Leaflet 21427 for
agronomic crops, grasses, and vegetable crops and in UC Leaflet 21428 for
trees and vines. For estimating ETc for turfgrass, use Kc values of 0.8 and
0.6 for cool-season and warm-season species, respectively.

Calculating Normal Daily ETo

Average ETo values in inches per month are given in table 1 by county
and city for many locations in California. It is not possible to 1list ETo
for all places, but ETo values for an unlisted site are often close to those
of a listed nearby location.




Site-specific ETo estimates for an unlisted location can be determined
using UC Bulletin 1922, which has 12 California monthly maps containing iso-
lines of average ETo in millimeters per day. Average ETo in millimeters per
day can be selected from each map and converted to inches per month by multi-
plying by the number of days per month and dividing by 25.4.

Normal daily ETo is estimated using monthly ETo values, either
graphically or with a computer program. For example, read the monthly ETo
for Modesto from table 1 and add them to obtain a cumulative total at the end
of each month for the year as shown in table 2. Then plot the values of
cumulative ETo versus date on a graph as in the figure and draw a smooth
curve through the points. The cumulative ETo (CETc) on any date can be
determined by following a line upward from the bottom scale to the ETo curve
and then to the left-hand scale whiere the value is read. The accumulated ETo
between any two dates can be calculated as a difference in cumulative ETo.
For example, the cumulative ETo from April 6 through April 12 inclusive
equals the CETo on April 12 minus that on April 5 or 7.2 - 6.2 = 1.0.

It is difficult to make estimates of daily ETo wusing the graphical
method because the difference between cumuilative ETo from one day to the next
is too small to differentiate visually. An approximation can be made by tak-
ing the difference .in cumulative ETo over some equal length time intervals
and dividing by the number of days per interval. The result is an estimate
of daily ETo rate during the time interval. For example, an approximation
for normal daily ETo rate at Modesto during the period from April 6 through
April 12 is calculated as 1.0 + 7 = 0.14 inch per day.

A computer program written in QUICKBASIC 1is -provided to make
daily ETo estimates from monthly ETo. The filename for the
program is "NEWETO" and the listing 1is included at the end of
this leaflet. A cubic spline procedure 1is used to derive a
smooth curve of ETc at the end of each month versus the day of
the year corresponding to the end of each month. An example of
the daily ETo calculation for Modesto is given in table 3.

In many locations within California normal ETo information will provide
sufficiently accurate estimates of ETc to be useful for irrigation schedul-
ing. However, during extreme weather conditions and in regions with variable
fog, clouds, and wind speeds, real-time updates of ETo can improve accuracy
and lead to more refined irrigation scheduling.
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(ETo) and

cumulative evapotranspiration (CETo) for Modesto
(in)

Cumulative ETo

(in)

Monthly reference evapotranspiration
Monthly ETo

Month

Table 2.

0.85

2.28

5.45
10.21
16.62
24.73
32.36
39.19
44,21
47.63
49.05
49.78

MBSO ~OCWOWMNANNM
8“—.17“.6080“»..“.7

013467865310

February
March
September
October
November
December

January
April

May
June
July
August

Oct Nov Dec
0.02
0.07 0.02

Sep
0.18 0.13 0.06 0.03

6 0,02 0.04 0.09 0.14 0.19 0.25 0.26 0.23 0.18 0.13 0.06 0.03
7 0.02 0.04 0.09 0.14 0.19 0.25 0.26 0.23 0.18 0.13 0.06 0.03

8 0.02 0.04 0.09 0.15 0.20 0.25 0.26 0.23

0.18 0.12 0.06 0.03

Aug

Jul
0.24 0.19

Jun

May

0.18 0.23 0.26 0.24 0.20 0.14 0.08 0.03 0.02
0.24

0.18 0.23 0.26 0.24 0.20 0.14 0.08 0.03 0.02

0.18 0.23 0.26 0.25 0.20 0.15 0.08 0.03
0.13 0.18 0.23 0.26 0.24 0.19 0.14 0.08 0.03 0.02

Apr

Mar
0.13
0.13

Feb
0.05 0.10 0.16 0.21 0.26 0.26 0.22 0.17 0.11 ©0.05 O0.02

l6 0.03 0.05 0.10 0.16 0.21 0.26 0.26 0.22 0.17 Q.11 0.05 0,02
0.05 0.11 0.16 0.21 0.26 0.26 0.21 0.16 0.11 0.04 0.02

Reference evapotranspiration (ETo) in inches per day for -Modasto
2 0.04 0.08 0.14 0.19 0.24 0.26 0.24 0.19 .0.14 0.07 0.03
18 0.03 0.06 0.11 0.16 0.21 0.26 0.26 0.21 0.16 0.10 0.04 0.02

.02 0.04 0.08 0.13 0.18 0.24 0.26 0.24 0.19 0.14 0.07 0.03

1 0.0
2 0.0
3 0.02 0.04 0.08 0.14 0.19 0.24 0.26 0.24 0.19 0.13 0.07 06.03

“4 0.02 0.04 0.08 0.I4 0.19 0.24 0.26 0.23 0.19 0.13 0.07 0.03
0.03 0.05 0.10 0.16 0.20 0.25 0.26 0.22 0.17 0.11 0.05 0.02

~Jan

9 0.02 0.05 0.09 0.15 0.20 0.25 0.26 0.23 0.18 0.12 0.06 0.03
10 0.02 0.05 0.09 0.15 0.20 0.25 0.26 0.22 0.18 0.12 0.06 0.03
11 0.02 0.05 0.09 0.15 0.20 0.25 0.26 0.22 0.17 0.12 0,05 o0.03
12 0,02 0.05 0.10 0.15 0.20 0.25 0.26 0.22 0.17 0.12 0.05 0.03
14 0.03 0.05 0.10 0.16 0.21 0.26 0.26 0.22 0.17 0.1r 0.05 0.02
19 0.03 0.06 0.11 0.17 0.21 0.26 0.26 0.21 0.16 0.10 0,04 0.02
20 0.03 0.06 0.11 0.17 0.22 0.26 0.25 0.21 0.16 0.10 0.04 0.02
21 0.03 0.06 0.11 0,17 0.22 0.26 0.25 0.21 0.16 0.10 ©0.04 0.02
22 0.03 0.06 0.12 0.17 0.22 0.26 0.25 0.21 0.15 0.09 0.04 0.02
23 0.03 0.06 0.12 0.17 0.22 Q.26 0.25 0.20 0.15 0.09 0.04 0.02
24 0.03 0.07 0.12 0.17 0.22 0.26 0.25 0.20 0.15 0.09 0.04 0.02
25 0.03 0.07 0.12 0.17 0.23 0,26 0.25 0.20 ©0.15 0.09 0.04 0.02
26 0.04 0.07 0.12 0.18 0.23 0.26 0.25 0.20 0.15 0.08 0.04 0.02

35 0.02 0.04 0.08 0.14 0.19 0.24 0.26 0.23

27 0.04 0.07 0.13
28 0.04 0.07 0.13

15 0.03
17 0.03
29 0.04
30 0.04
31 0.04

DAY
13

Tabie . 3.
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Cumuiative normal reference evapotranspiration (CETo) for Modesto, Califernia.
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