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SECTION I
SUMMARY

Evapotranspiration (ET)_uas estimatéd from climatic data measured
at the Bellevue Triangle to determine water requirements of irrigated
crops in the area and to provide input data for a hydrologic model. The
Bellevue Triangle is a triangmlar-shaped mountain valley located in
central Blaine County, Idaho just south of Bellevue. ET is an important
component of the hydrologic medel and must be known to evaluate the
potential impacts of impendimg changes in land use in the area on the
flow of the famous Silver Creek. '

A climatological station was established on the Harvey Bickett farm
in the south central part of &he triangle in November 1974 and meteso-
logical measurements were made through December 1975. These included
solar radiation, air temperatere and humidity, windspeed and direction.
Daily estimates of potential BT and lake evaporation were calculated
"~ from the climatological data ky several different methods. Potential ET
obtained with a modified Penmem equation and crop coefficients were used
to estimate the ET for the major crops growﬁ in the area. Summaries of
these results are included. Estimated potential ET was about 845 mm for
the period May through Septesker, 1975, and ET %or alfalfa during the
same period was about 715 mm {33 and 28 inches, respecti&ely). This is
higher than some previous estimates for the area, but-was consideref to
be more accurate based on comparisons with actual measurements obtained
at Kimberly, Idaho. These results also are expected to be useful im
evaluating the water requirements of pasture and other crops grown i

high mountain valleys.
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FIGURES

Estimated mean daily potential evagotranspiration
and evaporation for 7-day pexiods, January -
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Estimated mean daily evapotranspimation for alfalfa,
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Mean daily solar radiation by month for 1975 as
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SECTION II
INTRODUCTION

The determination of evapotranspiration for the Bellevue Trxiangle
was undertaken to provide part of the data base needed for a complete
hydrologic study of the Wasin. Evapotranspiration (ET), which is the
evaporation and transfer ef water from the s0il surface and plamis to
the atmosphere, is an immertant component of a complete water balance.
While it is difficult to measure ET directly for a large areé, mocedures
are available to estimate ET from climatic and meteorological data. Such
data were not previously available for the study area.

This report describes the procedures used and éontains results of
the measured meteorologiml and climatic parameters, and estimated ET
for the Bellevue Triangle. The ET data will be used as input tea
hydrologic model being emsed to evaluate impacts of impending clanges in..
land use and irrigation gractices. Results of other aspects of the study
such as precipitation are reported separately by other cooperating

agencies.

Location: .

The "Bellevue Triangle" is a mountai.n valley located in cemsral
Blaine County, Idaho at ar elevation of about 1500 m (4921 ft). Bellevue
is located at the northem point, foothills border the east and west
sides, and the Picabo and Timmerman Hills border the south side moughly
forming a triangle. The Hig Wood River enters the area at Bellasue and
flows along the western side. Small grains, alfalfa, and irrigaced
pasture are the principle crops grown on approximately 218 square kilo-
meters (84 square miles)af land in the valley. Silver Creek orjginates
from springs in the soutkern portion of the area and flows to th:‘.' south-
east eventually joining the Little Wood River. An extensive artesian
aquifer underlies the ares. Recharge of this aquifer is augmented by
large amounts of irrigatisn water applied to very porous soils ir the
upper portion of the triagle. Numerous springs exist in the laier
portion of the triangle.

Silver Creek is known as one of the best fly-fishing trout streams

in the United States. Asa tributary to the Little Wood River i¢ also



provides water for irrigatisn downstream. Agriculture and recreation
are the leading industries in Blaine County. Because of these factors
impending changes that could affect the flow of Silver Creek are of con-

siderable importance to the future economy and land use of the area.

Nature of the Problem:

The Sun Valley resort eomplex, located north of the study ares, has
experienced considerable gmwth and as a result services and housimg
developments are encroachimg into the Bellevue Triangle. At the same
time surface flood irrigatien systems 'on the gravelly soils in the valley
are being converted to sprimkler irrigation. While this may be a desir-
able shift agriculturally, it greatly reduces the water- applied te the
soil and is expected to redfisce the annual recharge of the underlyimg -
aquifer and.subsequently raduce the flow of Silver Creek. A comparable
increase in the flow of the Big Wood River into Magic Reservoir woeld be
expected. This could greatly alter water supplies to downstream msers
in the respective irrigated areas.

Residents of the area are concerned about the effects of these
changes on both the qualitf and quantity of water in Silver Creek and the
Little Wood River. A hydrelogic computer model develc?ped to study
grouhdwater problems in otker areas in Idaho is being used to evalmate
management alternatives for the Triangle. Once calibrated this medel
can be used to evaluate and predict possible long range effects of con-
verting' irrigated land to iousiﬁg or business developments and the '
effect of substituting sprinkler systems for surface irrigation. Other
alternatives, such as the establishment of artificial groundwater re—
charge sites can also be sfmdied.

The purpose of this pertion of the study was to determine the rate
of ET for the various crops grown in the study area. ET is a majer
input coﬁponent of the hydeologic model. Direct measurement of EX was
not feasible so it was estimated from measured climatic data and «cropping

conditions using well-estadlished procedures.



SECTION 11X
METHODS

Climatological Stations:

A clmatological station was established on the Harvey Bickett farm
bordering kighway 20 in the southcentral part of the Triangle, ap'proxi-
mately 2.3 miles east of the junction of highways US 93 and Idaho 68.

This site provided convenient access to AC power and minimum intéffer—_
ence from farm buildings and tall trees. The sumounding land is re-

latively flat and used primarily for barley. The Bickett farm is in’

the regiom of small spring-fed streams forming Sikver Creek.

Metemmological instruments were installed im late November 1974 and
were operatted continuously through December 1975. Completerecordé were
ob.tainedvfur each day except for occasional omissions caused by bower or
instrument failures. Measurements included solar radiation, and air |
temperature, humidity, windspeed and direction at 2 m above the ground.

An a@ditional substation was installed on a ﬂ"ar/m of John Stevenson,
approximately 4 miles north and 1 mile west of the Bickett station. Wind-
speed and direction were recorded at this site using a mechanical'weather.
station amd air temperature and humidity were measured v;ith a2 hygrothermo-
graph. |

Attempts to measure soil water content with a nmeutron mgtier on the -
William Skerbine farm were unsuccessful because of the large rocks pre-
‘sent in the deeper soil layers which prevented th installation of
aluminum a&ress tubing to the necessary depths.

1/

Instrumentation:—

The mimary climatological station at B:Lcketﬂ s farm was equlpped
w1th the ®wllowing instruments. ‘

1. = Eppley Model 50 (50 junction) pyrancaeter to measure solar
radiation. It was calibrated to an Eppley Precision Pyranometer, Model
15, maintained at the Snake River VConservati_onrRe.earch- Center (SRCRC)

solely for calibration purposes.

1/

2! frade names and model numbers are provifled for the convenience
of the reater and do not imply endorsement or remmmendation by the U.
S. Department of Agriculture.



2, An electronic millivolt integrator (SRCRC design) with an
accuracy of approximately * 0.5% to record ghe solar radlatlon. It was
equipped with a Sodeco Printing Counter, Model PL-205, which recofded
the month, day and time of the hourly integmated solar radiation.

- 3. Mechanical weather station to recoml windspeed and direction
.and t.emperatufe (Meteorological Research Imwrporated, MRI, Model No.
1072). |

4. Aspirated temperature and humidity sensor (SRCRC design) using
copper-constantan thermocouples to sense temperature and a lithium
chloride dewprobe (Homeywell Model SSP 129B Pewprobe) for humidity.

5. A multichannel strip chart, m'illivnlt recorder (Leeds and
Northrup Speedomax "W") to provide a continmus record of temperature
and humidity. _

6. A hygrothermograph with 7-day chart to provide a backup record
of air temperature and relative humidity. |

The strip chart recorder, millivolt integrator. and printer were
housed in a well-insulated instrument shelter located near‘by. The
temperature in the shelter was thermostat:l.cally controlled with 1:Lght
bulbs for heating and fan for cooling to mimimize temperature effects
on sensitive electronic circuits. , - _

Data were manually tabulated from the strip charts and other records.
for analysis. These included maximum, minim,‘ and 0800-hour air tem-
peratures, and the temperature of the dewprahe at 0800 and at the time

“of maximu}n air temperature. Dewpoint tempemture, corresponding vépor
pressure and relative humidity were calculated from the dewprobe data.
Wind travel and average wind direction were #tabulated for each hour from
the MRI records. Daily wind direction was the direction with greatest
wind travel. Solar radiation was recorded murly (except for Z-hour
pericds initially) from which daily totals wxre calculated. Whenev-er
records for any of the primary variables were missing, data were sub-
stituted from other records directly or by imterpolation since it was
necessary to have a complete data set for the ET computatiéns.

Potential ET was calculated on a daily ¥asis from the climatological
data by several procedures. After initial ewaluation, the most reason-
able daily values were summed for 7-day perieds for use in the hydrologic
model, Estimated ET for each crop was calcullated as the product of an

appropriate crop coefficient and potential EH.
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Net Radiation:
Net radiation was estimated using procedures described by Wright and

Jensen (1972):

R =0 - R - R | [1]

n

where (1 - OL)RS represents net short-wave radiation received by the
reference field, in this case, aBfalfa, d is the short wave reflectame
or albedo assumed to be 0.23 during May-August, RS is solar radiation,
and Rb is the net back or outgoimg thermal radiation.

Net thermal radiation was estimated from:

r

R
S

Ry e R bRy, (2]
sO ,

S

where Rbo is the net outgoing lemg wave radiation on a clear day, and
Rso is the solar radiation that would normally be expected on that day
if there were no clouds. Values of Rso established from several years
of data for Kimberly were used sssuming that clear day values would be
‘quite similar for the two areas. Rbo was estimated from
'Rbo=e'o"rl’ | | : - o131

where £7 = (0.325 - 0.0l;lnfed) .71 X 10_8'1‘4, for Tc greater or equal

to 0°C; €° is the net emmissivity when using only screen height tempem-

ture, e, is the saturation vapor pressure at 0800 in mb and 11.71 X 10"-8

“1.,-4

is the Stefan-Boltzman constant in cal cm_2 day "°K ', and T is the

shelter or screen temperature im degrees Kelvin  (temperature in °Kelvin
is T = 273.15 + °C).

For temperatures below zere °C, net emissivity was calculated \;sizg
an equation suggested by Idso amd Jackson (1969).

€” = —0.02 + 0.261 exp[-7.77 X 10°% (273 - T)?] 4]

Potential Evapotranspiration

Potential evapotranspiratism was estimated by several methods, the

principle method adopted was that developed by Penman (1948, 1963).



_ A _ Y o’
Etp = ¥z (Rn G) +&T'Y 15.36(1.0 + 0.00621.12) (e.Z - ez) 5]

where u, is windspeed at 2m in km day_l and e dis in mb based om 0800-
hour dewpoint temperature {for windspeed in miles day_'l' use 0.0luz).
Values of A/(A+y) versus tamperature (°C) for an elevation of 1508 m
(4921 ft) are respectively= -10, 0.292; -5, 0.367; 0, 0.445; 5, B.523;
10, 0.595; 15, 0.661; 20, ®.719; and 25, 0.769. The term Y/ (At+Y) equals
(1 - A/(B+Y)). |

According to recent emmluations at several locations, the Pemman
equation tends to overestimate ET during cool, spring, winter, aml fall,
conditions. Originally Pesman recommended corrections ranging framm 0.6
to 0.8 to adjust for these deviations. Furthermore, recent evaluaions
of the Penman equation for arid conditions during warm seasons hawe
shown that it tends to under estimate potential evapotranspiratiom.
Consequently, we adjusted the Penman estirﬁates in-a manner proportional .
to that originally recommesmded in 1948 using a normal distributiom

function.

C = 0.7+ 0.4 exp (A(((m + N/30)30)-210)/120)2)‘ [6}

‘where Cc is the seasonal cmrection factor, m is the month, N day

of the month, and the value 210 is used to obtain a peak correctim -
value of 1.1 on June 30.

Potential ET was also estimated for advective conditions usisg
coefficients developed in smtensive studies for Kimberly as described
by Wright and Jensen (1972). In this case the term (1.0 + 0.0062w,)) in
equation [5] was replaced W (0.75 + 0.0109u2). These estimates of ET
. represent the maximum rate expected for a well-watered, actively growing
crop in an irrigated area sarrounded by arid lands.

Estimates of lake evagration were made using the Kohler, Nomienson,
and Fox (1955) equation. &lso, evaluations indicate that these esti-
mates closely approximate mmol se.ason ET.

r )
4
E = 0.7 R2A+ :iEa (1

4



RnA YlEa

E = 0.7 + : (8]
L A+Y£‘ A+Y£ _ | _ _

_ (.0 0.88 . - 5 '
E . =(e, ~e) (0.37 + 8-0041W) o _ [9]

where the vapor pressure deficit is in inches Hg, W ié in miles day“:1
at 61 cm, R is net radiation espressed as the equivalent depth of
evaporation in inches, Yo = 0.068367P in inches Hg./°F, and EL is esti-
mated lake evaporation in inches

Another equation used to esgimate evapotranspiration undgr non-
advective evaporatioh.conditionsums that of Priestley and Taylof (1978} .
They correlated maximum ET and the first term of the combination equatfon

under non-advective conditions amd found that a single constant, o,

averaging 1.26 adequately adjustsd the relationship.

- B _ ‘
ET_ . =@ Aty (Rn G) {108

Estimates. of ET were also made with the Jensen-Haise equation usimg:
.correlations for elevation (Jensem, et al., 1970).

E = .
CT (T Tx) RS

tp 111

where Etp is potential ET, C_. is a temperéture'coefficient,.'rx is the

T
intercept of the temperature axis, T 1is average air temperature, and
RS is daily solar radiation expressed in evaporation equivaleﬁts. The
coefficients are constant for a given area and are defined as:

Cp = 1/(cl + CZCH)

'CH = (50 mbar)/(e2 - el)

where e, and eq are the saturatimm vapor pressures at the mean maximum
and mean minimum temperature for the warmest month of the year in an area,
and C, = 7.6°C. C, = 38 -~ (2°C=elev. in m/305) and T_ = -2.5 - 0.14
(e2'— e1)°C/mb ~ elev. (m)/550.

An estimate of ET for wet mendows af high elevations was made with
the empirical equation of Kruse and Haise (1974). They derived coeffi-
cients for equation [11l] from water use studies on wet meadows at '

several locations in Colorado.



Et = (0.0123T - 0.147)RS ‘ [12]

where T is average daily temperature (°F) and Rs is total daily solar

radiation expressed in evaporation equivalents.

Crop Coefficients and ET Estimates

Crop coefficients were developed from information pmesented by
Jensen (1974), andl the recent FAD report on Crop Water Reguirements
(Doorenbos and Praitt, 1975). A crop coefficient of 0.75 was selected
for willows as rerommended by Blaney (1961). Estimates of ET were com-
pared with values reported in the recent ASCE Report on Consumptive Use
of Water (Jensen, 1974); the University of Idaho Bulletim 516, Consump-
tive Irrigation Requirements for Crops in Idaho, July 197; and
Vegetative Water Bse in California, Bulletin 113-3, State of California,

April 1975.

Computations

The reductiom and conversion of the climatic measuraments and the -
calculation of potential ET and lake evaporation by the several methods
was accomplished with a programmable calculator (HP 9830). The program,
writcen in BASIC computer language, permitted the evaluation of a large
amoun”t of data in a relatively short period of time. The program is not
included as a part of this report but is available upon request to those

who may be interested. .

10



SECTION 1V

RESULTS
Daily Data

" The measured and computed daily climatic data ebtained for the
Bickett station for December 1974 through December §975 are presented in
Appendix A. The computed values of net radiation, soil heat flux, and
estimates of tra'anspiration and lake evaporation by the six different
methods pPreviously discussea are also included. These constitute the
data base fom the computations of water-use for the several crops grown
in the area. . _ '

The development of water-use data for use in the hydrologic model
was one of the primary objectives of this study. The ET data were there-
‘fore summarized in a manner suitable to its needs Ims 7—day computational
periods begi:ming with November 9, 1974. Since the climatic station was
not establisked by Novembe.r 1, 1974, November 1975 data were substituted
for the first few periods.

_ General weather and cropping patgefns observed in the Bellevue
Triangle during this study are summarized in Table 3. The winter of
1974-75 deviated from normal in some respects and ssow accumulation was
light until February after which near recc.‘.;rd ‘amounts fell and snow COVef
lasted until mid-April. Spring weather was very coml delaying hay gr_owth-
and the plamting of grain. C '
Weekly Evapulraﬁspirati’on

Computek estimates of potential ET and ET for each crop célcul'atéd
with appropriate' crop coefficients are presented iﬁ Table 2 for 7-day
periods begimning with period 23, April 12-18, throsgh period 51, .
October 25-31. There was a general rain the week of May 18 so an
average crop coefficient of 0.6 was used for most amps for period 28
since the soil surface was wet much of the time. Data for the non-
growing seasmm when evaporation was taken to be similar over the entire
area are presented separately in Table 2. .

Curves showing estimates of the average daily petential ET and -
lake evaporation for the 7-day periods are presentedl in Figure 1. The
curve based mn Penman estimates represents the uppex level of mean daily

ET expected for a growing crop in the area, The EKEE curve developed

11
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Table 1. Smmmary of general climatic and crop conffitions in the Bellevue

Triangle Study Area during late 1974 and ¥975

Dates

Conditions

1974
Nov 15-Dec 15

Dec
1975
Feb
Feb 20

Apr 20-28

Apr'ZS-May.S
May 12

May 15-20
June |
July 10-15
July 8-20
July 25

Aug 10

" Aug 29
- Sep 5-15

Sep 5-25
Nov 12
Dec 1
Dec 15

Meteorological instruments installed at Bickett and
Stevenson sites

Snowfalls were light with intermittent snow cover

Major snow accumulation began

Approx. time of deepest snow depth, 60 cm (24 in.), at
Bickett site

Snow cover receeded rapidly with some exposure of soil
surface.

Intermittent snow showers -

. S0il surface mostly dry

Spring grain being planted .
Spring grain approximately 10 cﬁ tali
Grain began heading

First crop hay cut

Grain in full head

Grain started ripening

First frost (minimum air temperatare ~1.1°C)
Second crop hay cut

Grain harvested

Light snow cover

Snow cover, 15 cm (6 in.)

Snow cover, 5 c¢m (2 in.)

12



Table 2. Estimated potential evapotransgpiration E and ET for several crops
summed for 7-day periods beginning NovembBr 9, 1974, Bellevue
Triangle Idaho. During the nongrowing season evaporation was
assumed uniform for all erops.. ' .

Period Beginning E ET Pexiod Beginning E ET
day L . day £p
(mm) (mm) (mm) (mm)
1 11/09 6.1 5.2 13 - 02/01 4.0 3.4
2 11/16 4.8 - 4.1 - & 02/08 5.8 4.9
3 11/23 4.6 3.9 5 02/15 4.3 3.7
4 11/30 4.6 3.9 b 02/22 3.2 2.8
5 12/07 3.0 2.6 1z 03/01 6.4 5.4
6 12/14 3.0 2.5 ji 4 03/08 6.2 5.3
7 12/21 2.6 2.2 is 03/15 7.0 6.0
8 12/28 1.6 1.4 , 03/22 8.5 7.2
9 01/04 1.4 1.2 By i} 03/29 6.4 5.4
10 - 01/11 1.7 1.4 ” 04/05 - 9.2 7.8
11 01/18 3.8 3.3 : "
12 01/25 3.4 2.9 b 4 11/01 - 9.2 7.8

’ Evapotranspiration (mm)
Beginning Etp Alfalfa  Small Irrigated

Period day graim pasture Potato  Willows Waste
23 4/12 - 9,2 7.8 7.8 7.8 7.8 . 7.8 7.8
24 4/19 11.7 9.8 9.8 9.8 9.8 9.8 9.7.
25 4/26 18.6 9.3 9.3 9.3 9.3 9.3 9.3
26 5/03 19.5 15.6 15.6 15.6 15.6 15.6 15.0
27 5/10 42.2 19.4 10.1 - 25.3 10.1 25.3 25.3
28 5/17 36.2 ' 22.8 22.8 22.8 22.8 " 27.2 22.8
29 5/24 42.2 33.3 10.1 '31.6 10.1 31.6 23.2
30 5/31 49.5 46.0 10.9 . 37.1 10.4 37.1 21.8
31 6/07 50.2 50.2 20.1 37.6 -10.5 37.6 5.0
32 6/14 41.6 41.6 - 27.8 31.2 10.0 31.2 4.2
"33 6/21 36.0 36.0 32.1-  27.0 9.0 27.0 7.2
- 34 - 6/28 47.6 47.6 °  47.6 35.7 13.3 35.7 7.1
35 - 7/05. 47.4 33.6 49.3 35.5 16.6 35.5 5.7
36 7/12 43.7 21.8 45.4 32.8 19.7 32.8 - 2,2
37 7/19 46.4 32.9 47.3 34.8 25.5 34.8 4.6
38 - 7/26 38.9 35.8 37.3 29.1 25.3 29.1 ~ 1.9
39 8/02 46.6 6.6 38.2 - 35.0- 35.0 35.0 2.3
40 - 8/09 41.6 41.6 27.8 31.2 33.2 31.2 2.1
41 8/16 31.1 31.1 15.5 23.3 27.0 23.3 3.1
42 8/23 35.6 35.6 10.0 26.7 31.7 26.7 7.1
43 8/30 33.9  33.9 6.8 25.4 30.5 25.4 1.7
44 9/06 34.1 22.5 6.8 25.6 29.3 25.6 1.7
45 9/13 31.4 17.6 6.3 . 23.6 24.5 23.6 1.6
46 9/20 28.4 23.0 6.3 21.3 17.1 21.3 1.4
47 9/27 25.9 24.6 6.0 19.4 10.4 19.4 1.3
48 10/04 . 21.0 20.0 8.4 15.8 8.4 15.8 8.4
49 ~ . 10/11 14.6 13.9 12.4 10.9 12.4 10.9 3.6
50 10/18 16.3 9.0 9.0 9.0 9.0 9.0 5.7
51 10/25 6.2 5.0 5.0 5.0 5.0 5.0 5.0
TOTAL 947.6 787.9 561.8 695.2 499.3 699.6 216.8

—
w .
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by the Kohler—-Nordenswms-Fox equation represents expected gvapm,rétion
from the surface of a kody of water such as a lagoon or a lake. The data
graphically show that evaporation levels are relatively low dring winter
and early spring but imcrease dramatically during May because of high
levels of radiation, ﬁrming temperatures, relatively dry air, and high
windspeeds, Comparing April to May (using data in Appendix A} average
air temperature increased from -1.2°C to 7.9°C, relative humidity dur-
ing midday dropped fram 60Z to 367, net radiation increased fwom 100 to
280 ly/day, and windspeed increased from 2.5 to 3.4 m/sec. Baring June
there was a period of @ool weather accompanied by decreased windspeed.
During the summer months ET values are lower than for some dags in May
and early June even thmugh temperatures are higher because of greatly
reduced windspeed. _

Average daily valwes of potential ET and ET for alfalfa, small
grains, and irrigéted pastures for the 7-day periods are presented in
Figure 2. ET for alfalifa was assumed to equal potential ET mmce cover
‘was established in the spring except for about 2 weeks following each
cutting. ET for row cmops and small grains was low until full c'.obver was
achieved except for pamiods o'f rain because of the -high propartion of .
exposed bare soil from which évaporatioﬁ occurs at a low rate when the
surface is dry. Small grains ripen rather quickly so the water use
curve dropped off rapidly after maturity.

Solar Radiation

A comparison of the average daiiy solar radiation for each month
measured at the Bickett station and at Kimberly during 1975 is presented
in Figure 3. (The unir ly is equivalent to 1 c:al/‘crn2 or 4.18k J/cm2 and
1J =1 watt-sec). These results show that during winter and early
spring, solar radiatim was higher at the Bellevue Triangle station than
at Kimberly. This agrees with casual observations in that frequently
during the winter and springskies were cloudy over Kimberly aad the
Snake River Valley but were clear over the Bellevue area. This is
probably a typical sitmsation. During July, August and September high

pressure conditions predominate the weather pattern and sky mnditions

are very similar at beth locations. The similarity of the mmasured

values during this time is especially encouraging. Since the Bellevue

-15 -



_ TR

(NEA I

_ I

ON OH pramuamm wnm om 0T ATnr Ind sem mm.mm%.z m.ﬁ mmz mo xmmz SUy31 Uurex
Teisu=ad e ses a19Yy], -ureid pue ‘sanised ‘eJieITE 103 SjuarotTIjsoo doao ajeradoadde
yats pojernoTed I pue (dag) 13 TeTiuezod jo sporasd Aep-; 103 sanTea ATTEP °82Iaay

R e et A

el

L 02€T 9%

N, . . e SIHONI 01 X ¢

WS N NLIOVA "0 HASSI B 344NN
HINI £

CL 0l X 0!

2+

16



e TR T T G ]

: : ‘oyepl
‘A115qury e pue ayB8ueTal InAdTIAg °Ul UT SIIS 13930Tg 8y3 3B painseow
GL6T 30 Y3uow ydes 103 UOTIETPEI IeT0oS ATTEp ®3eIoa® 8Yyj jo uwosTaEdwo),

4

_ am

e

NS

N

, NMH @.V © . WSAKIIGYW ‘0D HIASSA ¥ 134403% Sk
. N L o O. ‘ . e B3HOMI 01 X £ HONE 37 OL 3l X of =% v\a

17



site is approximately 300 m (984 ft) higher in elevation. than Kimberly
and has somewhat less industrial haze, higher radiation wuld be expected
with clear skies. The higher latitude would decrease the potential
radiation only a seall amount. )

These results justify the use of clear day solar vahes establlshed
for Kimberly in tha computatlon of net radiation for Bel]evue using
equation [2]. Sewral years of data accumulated at Kimberly were used
to obtain the expeeted clear day values whereas only limized data were
available from the one year of measurefrﬁents at the Bicketi site. 4

Monthly Evapotranspiration

Estimated ET %or several of the ci’op_s in this study were compared
with results of pmevious studies. The University of Idalm Bulletin 516
(Sutter and Corey, 1970) contains a tabulation of estimatad consumptivé
use ng various cmps for locations throughout Idaho for which some
climatic data were available. The consumptive use values were compﬁted
with a modified Blamey-Criddle equation and data were incPuded for '
Hailey,which is abmut 6 miles nofth, and Fairfielt_i, which is 25 miles
west of the Bellewue Tfianglé. The data for Hailey were used to com~
pare with data obt@ined :in this study. A comparison of mmthly totals
of ET as calculated in this study with consumptive use data reported in
Bulletin 516 is 'presented in Table 3 for several crobs._ Elso presented
are alfalfa ET data measured at Kimberly with a sensitive weighing
lysimeter in 1975. . : S "

Data in Table 3 reveal that the consumptive use data in Bulleti‘n 516
appear to be much #oo low for the area. Bulletin 516 reparted a value
of 555 mm (21.8 in.) for alfalfa which is only 78% of our value of 715 mm"
(28.2 in.) which cempares well with the 793 mm-measuremest at Kimberly.
The two different estimates for small ‘grains and _potatoes were quite
close as shown in ¥able 3, but the Blaney-Criddle estimates for irrigat-—
ed pasture were mmh lower, 450 mm versus 625 mm (72%) . The estimates
of ET for alfalfa and pasture presented in Bulletin 516 ae probably
too low because of the effects of higher alfitudes where gemperatures

are low but solar madiation levels are high. -
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Table 3. Comparison of monthly ET (mm) estimated for 1975 for several

crops for the Bellevue Yriangle with that previously estimated

for Hailey, Idaho with the Blaney-Criddle method, and ET

measured for alfalfa with a weighing lysimeter at Kimberly,
Idaho.

. Montkly ET (mm)

Crop Estimate Apr May Jun Jul Aug Sep Oct  Totalx
Alfalfa ARS 34 101 186 152 172 104 52 715
UL#* - 36 120 173 143 46 19 555
LYS#*%* 52 138 166 180 163" 145 - 793
Small grain  ARS 34 59 97 201 101 28 38 486
Ul — 44 118 19 66 1 —— 423
Irrigated ARS 34 106 142 149 129 99 45 625
pasture Ul 10 52 103 148 112 35 7 450
Willows (Same as irrigated msture)
Potatoes ARS 33 65 43 89 141 96 38 434
Ul - 1 49 165 178 60 - 453
Waste (Dry-  ARS .34 98 41 18 16 7 25 180
land)

*Total for May through Septesder

#% Data from University of Ida@o, Bulletin No. 516, July 1970 for
Hailey.

*** Measurements at Kimberly with weighing lysimeter, 1975.

Cutting

dates for Kimberly were July 23, August 13, and September 20 and

for the Bellevue Triangle, June 15 and September 135.
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APPENDIX A

Daily Climatic and Evapotranspiration Data

This Appendix consists of Table A-1l which contains daily data on
facing pages for each month, Measured and computed climatic variables
for the Bickett station in the Bellevue Triangle, calculated net radia-
tion, soil heat flux, and evaporation estimated by six different methods

are included.

Averages for each month are shown at the bottom of each

table. Notes give the source of data when primary measurements were

missing.

Column notations are explained as follows:

TMAX

TMIN

0800
TDPT

0800
RH

TMAX
RH

RSOL

WIND
SPEED

WIND
DIR

TAVG
VPRS

RNET

ESTG
EJ-H
EPEN
EJLW
EP-T
ERKNE

ECOL

Maximum air temperature, midnight to midnight, read from
strip chart

Minimum air temperature as for TMAX

Dewpoint temperature at 0800 hours, calculated from dewprobe
temperature read from strip chart

Relative humidity at 0800 hours
Relative humidity at time of TMAX

Daily toial solar radiation obtained from integrator printout

Average daily windspeed calculated from MRI srip chart data

Wind direction of greatest daily wind travel calculated from
MRI strip charts

Average daily air temperature calculated from TMAX and TMIN

Vapor pressure in millibars calculated from dewprobe tempera-
ture at 0800 hours

Daily net vadiation calculated from measured solar radiation
(RSOL) and assumed clear day solar radiation, Eq [1] to [4]

Estimated daily soil heat flux calculated with TAVG
ET computed by Jensen-%aise method, Eq [11]

ET computed by Penman method, Eq [5] to [6]

EPEN with coefficients for Kimberly, Idaho (page B)
Evaporation by the Priestley-Taylor approach, Eq [10]

Lake evaporation by the Kohler-Nordenson-Fox approach,
Eq [7] to [9]

ET by the Kruss-Haise equation, [12]

The variable "ALBEDO" is the « temm of Eq. [1] and is the albedo or

reflectance.

The value was varied from 0.23 for the summer to 0.55 for

the winter with snow cover.
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