Historical ET can be used to develop in
advance a tentative irrigation schedule for
the growing season.

Average daily historical reference
crop evapotranspiration was cal-
culated using 13 to 15 years of
daily evapotranspiration from 10
sites in California. Maximum aver-
age values, generally occurring in
June, ranged between 0.25 and
0.32 inches per day at most of the
sites. Absolute percent relative
errors were minimum during July
and August, ranging between 5%
and 13% for all but one site. About
25% to 35% of the variation in the
historical data reflected year-to-
year variation; the remaining
variation was due to seasonal
trend and variability about the
seasonal trend. To prevent
overirrigation or underirrigation
during deviation from the histori-
cal evapotranspiration value,
growers should monitor soil mois-
ture or check real-time evapo-
transpiration.

Average or historical values of refer-
ence crop evapotranspiration are
sometimes used for scheduling irriga-
tions. The advantages of using histori-
cal evapotranspiration are conve-
nience, ease of use, and the ability to
project irrigation dates. The error in

Historical reference crop ET
reliable for irrigation
scheduling during summer

Blaine R. Hanson 0 Kent Kaita

using historical evapotranspiration in-
stead of real-time evapotranspiration
is often stated as being less than 10%
for areas such as the Central Valley, al-
though no published data appear to

| exist supporting this claim.

The California Irrigation Manage-
ment Information System (CIMIS) is a
statewide network of weather stations
used to calculate a reference crop
evapotranspiration, which is the
evapotranspiration of grass. The FAO
Penman equation with the wind func-
tion of the Penman-Monteith equation
is used to calculate the evapotranspi-
ration with hourly averages of the cli-
matic data. These evapotranspiration
calculations are available to growers
for real-time irrigation scheduling.

The purpose of this study is to cal-
culate the historical reference crop
evapotranspiration using CIMIS data
and to determine the potential errors
in using historical reference crop
evapotranspiration for irrigation
scheduling instead of using real-time
reference crop evapotranspiration.

Analysis of sites

For this analysis, we selected 10
CIMIS sites covering a wide range of
climatic conditions in California, each
with 13 to 15 years of data. Sites in the
San Joaquin Valley were Five Points
(about 70 miles southwest of Fresno),
Parlier (southeast of Fresno) and
Shafter (near Bakersfield). Sites in the
Sacramento Valley were Davis,
Nicolaus (near Yuba City) and
Durham (near Chico). One site was in
the Imperial Valley (Brawley), two
sites were along the Central Coast
(Castroville and Santa Maria) and one
site was in the intermountain area of
Northern California (McArthur).
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We calculated the average evapo-
transpiration, standard deviation and
coefficient of variation for the first and
last part of each month using the 13 to
15 years of data. Percent relative error
(RE) was calculated by:

RE =100 (ET, - ETy) / ET. (1)

where ET, is real-time reference
crop evapotranspiration and ET,, is
historical average of each first or last
part of the month. Absolute values
only were used to simplify results.

The REs were calculated using a
7-day moving cumulative total within
each time period, that is, first and last
part of each month. The process con-
sisted of calculating the cumulative
real-time evapotranspiration for each
moving total (ET,) and the average
value for the first or last half of the
month multiplied by 7 (ET,,). A 7-day
moving total was selected because irri-
gation intervals of at least 7 days are
commonly used. A longer moving to-
tal had little effect on the RE.

The maximum RE was determined
by developing a cumulative frequency
distribution of the REs for each time
period, which showed the percent of
time that the actual RE is equal to or
less than some predetermined RE. The
maximum RE was defined as the RE
for which actual RE values were equal
to or less than 70% of the time.

In addition, average values of solar
radiation, maximum and minimum
temperatures, wind speed, maximum
and minimum relative humidity and
annual rainfall were determined for
each time period to describe some of
the climate characteristics of these sites.

Climatic characteristics

Figure 1 shows the climatic charac-
teristics of the sites using average val-



ues for the first 15 days of May, June,
July and August. Average solar radia-
tion was relatively constant for the
Central Valley (San Joaquin and Sacra-
mento valleys), with the exception of
the Nicolaus site and the Davis and
Durham sites in May. Smaller average
values occurred for the coastal sites,
while larger values occurred for
Brawley in May and June compared
with the Central Valley sites.

Average wind speed showed a
trend of decreasing as the summer
progressed for most of the sites ex-
cept for Brawley. Average wind
speeds in the Central Valley were
less along the east side of the valley
than along the west side (Five Points,
Davis). The largest wind speeds oc-
curred for the Castroville site.

Average maximum temperatures
increased with time in May and June,
while similar values occurred in July
and August. Maximum temperatures
were the smallest at McArthur and the
largest at Brawley. Average maximum
temperature decreased slightly with
distance along the Central Valley, with
the largest maximum temperature at
Shafter and the smallest at Durham.
Average minimum temperatures (not
shown) behaved similarly with time to
the maximum temperatures. Both av-
erage minimum and maximum rela-
tive humidity increased with distance
along the Central Valley. Average val-
ues tended to be smaller for the latter
two months. The largest values oc-
curred for the Castroville site and the
smallest for the Brawley site.

Average annual rainfall increased
with distance from Shafter along the
Central Valley, although rainfall at
Nicolaus was slightly higher than that
at Durham. The largest amount oc-
curred at McArthur, and the smallest
value at Brawley.

Maximum historical daily reference
crop evapotranspiration values gener-
ally occurred in June or July, ranging
between 0.16 (Castroville) and 0.32
(Brawley) inches per day (table 1, fig.
2). Relatively smaller maximum val-
ues occurred for Castroville and
Santa Maria, reflecting their cool,
foggy climates.

Similar values occurred at Nicolaus
and Durham in the Sacramento Valley,

The California Irrigation Management Information System (CIMIS) is a statewide network
of weather stations used to calculate a reference crop evapotranspiration.

800 8-
Solar radiation _ Wind speed
700~ . | | - 7-
= M m I i I
& 600~ ‘ "[ aln I m U = 6 -
e | il g . |
= 500~ | ‘ . - ‘ ‘ Es- I |'
o | I
g 400 { | Hil I“ : | g 4 " 1 | |
-g [ | | 1 | w | |
< 300 | T 4
= | | all | | s [
£ |
o 200~ | | 1l 2 |
1 1 1 1 1
o M ‘I'lfl i J N |‘ |
00— _l. L ! 1 L ll. L 0- Hl L
& 3% o 3% ° Q8@ el & Q8 et g R L)
‘o,\\ ?0\“ q‘b‘\ 0»‘ A2 0“\9 P(Q(‘ oq\ R ‘}\'b‘\ QO‘OQQ‘\ oa“ (@5“'{‘\‘0\1\ o ‘.1\
?\,Ae ) c’»o\i* o Q\qe o \9 &°
120 100
Maximum temperature = Maximum relative .
o £ | humidity I
g . = ) Z80- . ”{ i [ '
® | | . 2 .
5 80 . ' g
B I (I |Ze0-] [
g 0l | ‘ ' £
§ | 1N :
E | € 40
E 40— | | | | E |
- 1 | | §
= 20— | l = 20—
= ! | =
o .JJ.,,.i.. | L 0 ____Jl_i. i ilf
N <°' <\\° A% 0 0T o B ® e & e g L g )
& oo AR I v’ P N R
o @ ot © K Cogil il o & oV s
o 9 \;&os Pl o O "PCF ? ° ¢
T Minimum relative humidity 1 Rainfall i
= 4 16 -
£, < '
%‘ - [ May 1-15 fl %'4— i | [
E | OJunet-1s £ | | || —
2 60 [Juuy1-15 I = . . |
g | Oaug s ' f 10 N i
S g - |
e 40_ . § 8- . | | |
E | . M | £ | i |
5 - - | € o] | |
E 20 | I < (| ‘ [ e
E | | i
Y ol WALAEEL | <1 EILTELE 181N
[ ' ! 22— ] . .!_ o1 1 I
*® et RO ) L. T S R S g I e |
2 et ® @° W A e 0 & o 8F G 9 G et i
g e oS \,&* ‘\, &\b o o® 2 o O (I 5O oWt
¢ o gt < o
Fig. 1. Climatic characteristics at the CIMIS sites.
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with larger values at Davis. Similar
values also occurred at Shafter and
Parlier in the San Joaquin Valley, with
larger values at Five Points. The larger
West Side values reflect the wind speeds
along the west side of the Central Val-
ley, as seen from the climate data.

We analyzed the evapotranspira-
tion data for statistically significant
differences using the Duncan’s mul-
tiple range test with a level of signifi-
cance of 5%. Results for June, July and
August generally showed Brawley,
Santa Maria and Castroville to be sta-
tistically different both from each
other and from the other sites. For the
Central Valley sites, the east-side sites

generally were statistically different
from the west-side sites, but east-side
sites were statistically similar to each
other as were the west-side sites. The
McArthur site was generally statisti-
cally similar to the east-side sites of
the Central Valley.

The standard deviation, a measure
of the absolute variability, generally
increased with time to a maximum be-
tween April and June and then de-
creased for all sites (fig. 3). At
Castroville, the maximum value oc-
curred in June and July, and in Sep-
tember at Brawley. Similar behavior
occurred among the Sacramento Val-
ley sites, with maximum values gener-
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Fig. 2. Average historical reference crop evapotranspiration for the CIMIS sites.

ally occurring in April, followed by a
decrease with time to a minimum in
August. Values at Davis were greater
compared with the other sites. This be-
havior did not occur for the San
Joaquin Valley sites, where similar be-
havior among sites occurred with
maximum values in April, followed by
a decrease throughout the remainder
of the year. Slightly higher values oc-
curred at Five Points.

Coefficients of variation, defined as
the ratio of the standard deviation to
the average value, show the relative
variability with respect to the average
value. These values were generally
large in the winter and late fall and
minimum in the summer months, usu-
ally about 10% (fig. 4). Thus, although
standard deviations were larger in the
summer months compared with the
other months, the absolute variability
was less than 10% of the average value
for most of the sites. The large values
for the winter months reflect their very
small average values. An exception
was Castroville, for which the coeffi-
cients of variation ranged between
25% and 45%.

Maximum errors showed a behav-
ior similar to that of the coefficients of
variation (table 2). Minimum REs oc-
curred in July or August for most of
the sites, except for Castroville and

TABLE 1. Historical values of reference crop evapotranspiration in inches per day

Shafter Five Points

Parlier Davis Nicolaus Durham McArthur Castroville Santa Maria Brawley
e e e S oo e LR S e (7 |70 e e e o
Jan 1-15 0.03 0.04 0.03 0.03 0.03 0.03 0.02 0.05 0.06 0.07
16-31 0.05 0.05 0.04 0.05 0.04 0.05 0.03 0.06 0.07 0.09
Feb 1-15 0.07 0.06 0.06 0.06 0.06 0.06 0.04 0.06 0.08 0.10
16-28 0.09 0.09 0.08 0.09 0.09 0.09 0.07 0.08 0.10 0.13
Mar 1-15 0.11 0.11 0.11 0.09 0.09 0.09 0.08 0.08 0.11 0.16
16-31 0.14 0.15 0.13 0.14 0.12 0.12 0.11 0.11 0.14 0.19
Apr 1-15 0.19 0.20 0.17 0.18 0.15 0.16 0.14 0.13 0.17 0.22
16-30 0.20 0.22 0.19 0.20 0.18 017 0.14 0.14 0.18 0.25
May 1-15 0.24 0.26 0.22 0.23 0.21 0.21 0.18 0.15 0.19 0.28
16-31 0.26 0.27 0.24 0.25 0.21 0.22 0.19 0.15 0.19 0.29
Jun 1-15 0.27 0.29 0.26 0.28 0.24 0.25 0.22 0.16 0.20 0.31
16-30 0.28 0.30 0.27 0.29 0.26 0.26 0.25 0.16 0.20 0.32
Jul 1-15 0.28 0.30 0.27 0.29 0.26 0.27 0.27 0.15 0.19 0.31
16-31 0.26 0.28 0.25 0.27 0.25 0.25 0.25 0.14 0.18 0.29
Aug 1-15 0.25 0.28 0.24 0.26 0.24 0.24 0.25 0.13 0.18 0.29
16-31 0.23 0.25 0.22 0.24 0.21 0.21 0.22 0.13 0.17 0.28
Sep 1-15 0.21 0.23 0.19 0.21 0.19 0.19 0.18 0.12 0.16 0.26
16-30 0.18 0.20 0.15 0.18 0.16 0.16 0.14 0.10 0.14 0.22
Oct 1-15 0.16 0.17 0.13 0.16 0.13 0.14 0.12 0.10 0.13 0.19
16-31 0.12 0.13 0.09 0.12 0.09 0.10 0.08 0.08 0.10 0.15
Nov 1-15 0.08 0.10 0.07 0.09 0.07 0.07 0.05 0.07 0.09 0.12
16-30 0.06 0.07 0.04 0.06 0.05 0.05 0.03 0.05 0.07 0.10
Dec 1-15 0.05 0.05 0.03 0.05 0.03 0.04 0.02 0.05 0.07 0.07
16-31 0.03 0.03 0.02 0.04 0.04 0.03 0.02 0.05 0.05 0.07
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Brawley (June minimum). Maximum
errors in July and August ranged be-
tween 5% and 12%, except for the
Castroville site. Maximum errors in
June were between 7% and 13%, ex-
cept for the Castroville and McArthur
sites. For the Castroville site, little
trend with time of year occurred.

Sources of variation in the reference
crop evapotranspiration data are
between-year variation and within-
year variation. Seasonal trend and ran-
dom fluctuations about the trend
cause within-year variation. Both
sources of variation can be affected by
replacing sensors or relocating a sta-
tion, the effect of which is unknown.

We evaluated contributions of
between-year and within-year sources
to the total variation in the data using
one-way analysis of variance, which
partitioned the total variation into
variation within a year and variation
between years. The analysis was con-
ducted for time periods between
March and October for Davis, Parlier,
Castroville, Brawley and McArthur to
represent a range of the climates.
Within-year variation contributed
most to the total variation, ranging be-
tween 65% and 75%. Between-year
contributions ranged between 25% at
Davis and 35% at McArthur of the to-
tal variability.

Solar radiation strikes leaf and soil surfaces, causing water to evaporate or transpire. As
leaf water transpires, water flows from the soil into the roots and up the plant stem
through channels called xylems. This flow of water depletes the soil moisture, which is
replenished by irrigation.
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Fig. 4. Coefficients of variation for the CIMIS sites.
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TABLE 2. Maxi

absolute percent relative errors

Shafter Five Points Parlier Davis Nicolaus Durham McArthur Castroville Santa Maria Brawley
Jan 41 65 40 48 46 47 45 25 28 26
Feb 20 34 32 46 40 39 33 24 26 22
Mar 19 29 24 39 26 31 31 24 30 14
Apr 14 18 13 24 20 24 28 18 19 9
May 12 15 13 20 13 18 19 16 16 9
Jun 8 12 7 12 9 13 23 19 12 9
Jul 5 8 7 8 5 8 9 23 13 10
Aug 8 9 7 9 6 9 9 20 9 12
Sep 1 12 10 15 13 15 14 24 18 9
Oct 12 16 13 25 18 15 21 19 24 13
Nov 22 29 25 44 35 a3 33 25 24 17
Dec 35 62 51 83 80 58 <} 31 30 28
TABLE 3. Historical reference crop values to be used for system design where higher cash-value crops
sensitive to water stress are grown
Shafter Five Points Parlier Davis Nicolaus Durham McArthur  Castroville  Santa Maria Brawley

Apr 1-15 0.22 0.25 0.20 0.24 0.20 0.21 0.19 0.17 0.22 0.25

16-30 0.25 0.29 0.24 0.30 0.24 0.23 0.20 0.18 0.24 0.30
May 1-15 0.29 0.32 0.26 0.30 0.26 0.27 0.24 0.19 0.24 0.31

16-31 0.30 0.32 0.28 0.31 0.27 0.28 0.25 0.21 0.24 0.33
Jun 1-15 0.31 0.34 0.29 0.34 0.29 0.30 0.28 0.21 0.24 0.34

16-30 0.31 0.34 0.30 0.34 0.30 0.31 0.30 0.20 0.24 0.36
Jul 1-15 0.31 0.33 0.30 0.33 0.29 0.30 0.30 0.20 0.23 0.36

16-31 0.29 0.31 0.28 0.30 0.28 0.28 0.29 0.19 0.22 0.33
Aug 1-15 0.29 0.32 0.28 0.29 0.26 0.27 0.28 0.17 0.21 0.33

16-31 0.27 0.29 0.24 0.27 0.24 0.24 0.26 017 0.20 0.32
Sep 1-15 0.24 0.27 0.21 0.25 0.22 0.22 0.22 0.16 0.19 0.32

16-30 0.22 0.24 0.19 0.24 0.19 0.21 0.21 0.13 0.19 0.25

Even though REs were less than gated, T is the hours required to irri- .
Conclusions

about 13% most of the time during
June through August for most of the
sites, real-time reference crop evapo-
transpiration should not be ignored.
Time-series analysis showed that real-
time evapotranspiration frequently
does not vary randomly about an av-
erage value, but instead may deviate
from the historical values for periods
of time of at least 3 days. Thus exces-
sive overirrigation or underirrigation
during these periods could occur by
using historical values depending on
the amount of deviation from the his-
torical value and the length of time of
the deviation. We recommend soil
moisture monitoring or checks with
real-time evapotranspiration if histori-
cal data is used.

Design flow rate

The average values in table 1 can be
used to calculate the design flow rate
of an irrigation system using the fol-
lowing equation:

Q=449xAxD) /T

where Q is the design flow rate in
gallons per minute, A is the acres irri-

gate the field, and D is the design
depth to be applied in inches. The de-
sign depth depends on the average
daily reference crop evapotranspira-
tion, the desired interval in days be-
tween irrigations, the crop coefficient
and the irrigation efficiency. Note that
the time period at which the maxi-
mum crop evapotranspiration occurs
may differ from that of maximum
reference crop evapotranspiration,
depending on the time period for
which the maximum crop coefficient
occurs.

For high cash-value crops that are
sensitive to water stress, irrigation sys-
tems designed with excess capacity
may be desirable to prevent water
stress during periods when the real-
time reference crop ET greatly exceeds
the historical value. Values of refer-
ence crop evapotranspiration in table 3
can be used for these crops. These val-
ues, based on cumulative frequency
distributions of the real-time daily ref-
erence evapotranspiration, are those
for which the real-time reference
evapotranspiration is equal to or less
than 70% of the time.
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The maximum error using historical
reference crop evapotranspiration in-
stead of real-time reference crop
evapotranspiration during July and
August was found to be equal to or
less than 13% most of the time for all
sites except one. The error was equal
to or less than 13% for June except for
two sites. Higher values occurred for
earlier and later months. Within-year
variability accounted for most of the
variability in the historical data.

These results suggest that the error
in using historical evapotranspiration
for irrigation scheduling is small dur-
ing the summer months, particularly
in the Central Valley. Use of the his-
torical reference crop evapotranspira-
tion allows a seasonal irrigation sched-
ule to be developed if one is willing to
accept the error. However, real-time
evapotranspiration still needs to be
considered.
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Water Resources, UC Davis.





