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Abstract

The snowpack regime influences the timing of soil water available for transpiration and synchrony with the evapotranspiration
(ET) energy demand (air temperature, VPD, and shortwave radiation). Variability of snowmelt timing, soil water availability,
and the energy demand results in heterogeneous ET rates throughout a watershed. In this study, we assess how ET and growing
season length vary across five sites on an elevational gradient in the Dry Creek Watershed, ID, USA. We compared trends of
daily and annual ET between 2012 and 2017 to environmental parameters of soil moisture, air temperature, vapor pressure
deficit, snow cover, and precipitation and evaluate how ET varies between sites and what influences annual ET at each site.
We observed three trends in ET across the watershed. The first trend is at the low elevation site where the snow cover is not
continuous throughout the winter and rain is the dominant precipitation form. The first day of the growing season and ET
occurs early in the season when the energy demand is low and soil water is available. Annual ET at the low elevation site
is a balance between spring precipitation providing soil water into the summer season and limiting the ET energy demand.
The second trend occurs at the middle elevation site located in the rain-snow transition. At this site, ET increases with snow
depth and spring precipitation extending the soil water availability into the summer season. At the higher elevation sites, ET
is aligned with the energy demand and limited by growing season length. At the high elevation sites, decreasing snow depth
and spring precipitation and increasing spring air temperatures result in greater annual ET rates. The observations from this

study highlight the influence of environmental parameters and the potential sensitivity of ET to climate change.

Hosted file

ET_paper_main.docx available at https://authorea.com/users/446870/articles/546000~
evapotranspiration-across-the-rain-snow-transition-in-a-semi-arid-watershed

Hosted file

Tablel.docx available at https://authorea.com/users/446870/articles/546000-
evapotranspiration-across-the-rain-snow-transition-in-a-semi-arid-watershed

Hosted file

Table2.docx available at https://authorea.com/users/446870/articles/546000-
evapotranspiration-across—-the-rain-snow-transition-in-a-semi-arid-watershed


https://authorea.com/users/446870/articles/546000-evapotranspiration-across-the-rain-snow-transition-in-a-semi-arid-watershed
https://authorea.com/users/446870/articles/546000-evapotranspiration-across-the-rain-snow-transition-in-a-semi-arid-watershed
https://authorea.com/users/446870/articles/546000-evapotranspiration-across-the-rain-snow-transition-in-a-semi-arid-watershed
https://authorea.com/users/446870/articles/546000-evapotranspiration-across-the-rain-snow-transition-in-a-semi-arid-watershed
https://authorea.com/users/446870/articles/546000-evapotranspiration-across-the-rain-snow-transition-in-a-semi-arid-watershed
https://authorea.com/users/446870/articles/546000-evapotranspiration-across-the-rain-snow-transition-in-a-semi-arid-watershed

Lreurtutprd aq fewr vye pomorral 1wad weaq jou sey pue juuderd e SUT, — TA/FFLIOETO 0TEGTLEIT R/ THCTE 0T/S10'10p/ /:sdy3y — ‘uorssTuLIad JNOIIA 9191 ON “PoATdsal sPSIL [[y "Iopunj/Iotine oy st Wp[oy JYSAdod oY ], — TZ0g AON 8T ®IIOYINY TO PaISOJ



LW

TL

SH

—— Eddy Cov ET
—— Penman ET

LDP

BR

Areurupoid aq vt BYR(] “PoMAIAGT 109d THIQ JOU SBT PUB JULIC

snow

Phase
[

. sleet
|

rain

1.00-
0.75-

50-
0.25-
0.00-

=
uonendioald uonoel

d e sty

[A/73

MODIS ET

{0.30

[0.25

(swo/guwd) iSO 105
S 0

{-0.05

{-0.00

Date (year-month)

— Air Temperature (°C)

—— Sap Velocity (cm/day)

Soil Moisture (cm3/cm?)

n

m o~
(Aep/ww) 13

S10°10p

sdyg

uorssturod

STIOT O] "POATOSOI SYSIT

Vv

20

topuny/ 1o

(Aepjwo) z_om_m> des

ne oYy ST 0P[Oy I

100 o1

0.0

120T AON /T ©oIC

V U0 pajso



10.22541/an.16:

https:

ssion

der is the

2021

a 18 Nov

Site
— BR
—— LDP
— LW
— SH
— TL
2012 2013 2014 2015 2016 2017
- ‘ (@) | f ‘ (b)
i ' i
P 8 :
S0 §e !
. Ga
0 N 2
_ 0
BR Lop SH n w BR LoP SH s w
Number of Snow Covered Days -“ -0.28
Days Since Oct 1st to Peak SD - -0.00029 0.015 0.75
Peak Snow Depth -- 0.31
Average MAM VPD -  0.026 050
Growing Season Length
Day of Water Stress 025
Cumulative MAM Precipitation = -0.33
Growing season Start Day
-0.00
Day of Peak NDVI
NDVI -
--0.25
Average March Temperature
Average April Temperature--
-0.50
Average May Temperature- 0.14
Water Year Cumulative Precipitation- 0.0052 -0.03
-0.75

Day of Snowmelt

Fraction Precipitation as Snow

1 1 | | ]
ETBR ET LDP ET SH ETTL ETLW ET all



£ 250 L [ 0250
g 025 _ 400
- -
| z E £ 0225 g
2 £ Fo20 8 £ Fo200 2
g g E = §
15 150 S ] Fo175 §
2 ° Fo1s = ° =
> = g .2 200 [-0.150 g
g B 1004 % s o125 @
& Z o102 2 2
- g = 5 100 Fo100 =
E 3 = los3 O 3
05 3 0075 &
E 0 04 - 0.050
z — T T T T T T T — T T T T T T T
2 N N NP S NP S N NN N N N N N N NN
IS S S
g FFFF S S F FFFF T T
5 Date (Month-Day) Date (Month-Day)
: Soil Moisture (cm3/cm®)  —— Wet year (2017) Soil Moisture (cm3/cm?®)  —— Wet year (2017)
g — Cumulative ET (mm) —— Dryyear (2015) — Cumulative ET (mm) —— Dry year (2015)
2 J | 0.200
= 0200 600
x P
a L -
= . -ons.:E‘ E 500 0175 5
] € 2
g £ Lotso 2 £ o] Foso
- e £ ~ €
E i} S w Fo12s &
2 o125 2
2 2 2 2 3004 [
o 2 = - 3
2 3 [o.100 2 = o100 3
- £ = g 2001 [}
. o o075 5 5 o075 =
2 @ © 100 3
[ - 0.050 [0.050 &
04
! 0025 ——r—r—rr—r———00%
= N N N N NN N N N N N NN
= S EE LS PSS S EE LS L
= Date (Month-Day) Date (Month-Day)
- Soil Moisture (cm3/cm?®) ~ —— Wet year (2014) e Soil Moisture (cm3/cm?®)  —— Wet year (2017)
= —— Cumulative ET (mm) —— Dry year (2015) —— Cumulative ET (mm) ~—— Dry year (2015)
2 500
- (e) Fote
2 -
3 40 Lo E
g £ a~
3 = 300 o1z g
= w Loto =
& 2 2
S T 200 toos 2
g )
2 [-0.06
8 3 100 E
2 Loos ©
3 004 3
0 F0.02

—T T

NS
)
SEFFFF P ST

https:

Date (Month-Day)
- Soil Moisture (cm>cm?)  —— Wet year (2017)
—— Cumulative ET (mm) —— Dry year (2015)

out permission

2
Z,

Average_May_Air_Temperature

ved

>=13

ghts reser

All

funder

Average_March_Air_Temperature |

author

T
<42 |
>=4.2

10lder is the

The copy

165 356
30% 53%

)21

(

Posted on Authorea 18 Nov



Elevation (m)

6001 (a) ° 600 (b) ° site
e BR
LDP
500 550 °
o o o0 e SH
> ) oo ° B
£ 400 © £ 500
£ site 0 oo € ° o ®
e e BR = °
& 300 e | 450
e LDP
° ° e ©
o W ° Y
2001 o SH 400
o TL 4 °
o o 350 ° °
100 110 120 130 140 150 160 170 180 100 110 120 130 140 150 160
Day of Water Stess (julian day) Growing Season Start Date (julian day)
600 (c) © Site site  (d) . °
BR 4509 Lw
M © o o
550 e LDP 4004 ® SH
o TL °
500 <350 e
S50 s (]
el . :
E 4504 ° E 300 ° .
5 5 °
e © L] 250
400 ° .
. . 200
°
350
. 1504 ® ® o
°
T T T T T T T T T T T T T T
030 035 040 045 050 055 060 065 010 015 020 025 030 035 040

Fraction of Precipitation as Snow

2000-

1800 -

1600 -

1400-

1200-

Upper Elevation

Rain-Snow Transition

Low Elevation

Fraction of Precipitation as Snow

Parameter
=== Cumulative MAM Precipitation

=== Fraction Precipitation as Snow

Fall

Winter

Spring

Summer



