ET InvestigationSIsuiieiinding
LandSat

)ciates/Partners
University of Idaho, Kimberly, ID

Jeppe Kjaersgaard, Ricardo Trezza, Masahiro Tasumi

Aureo deOliveira, Eric Kra, C. Kelly, R.Dhungel,

Bill Kramber (IDWR), Tony Morse, Jan Hendrickx (NMT)

Clarence Robison, Wen Zhao, Justin Huntington (DRI)

Ayse Irmak (UNL) - Universityofidaho




Topics

e ET Processing developments
(to METRIC)

— Evaporation from open water

— Adjusting for Evaporation from soil from
Rain events between Landsat images

e Growth in Applications and
Areas of Application
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ET is calculated as a "residual”
of the energy balance

Rn o(radiation from sun and sky)

\ H (heyj\/ ET

T

Basic Truth:
Evaporation

consumes
G (heat to ground)
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Evaporation by Energy
Balance

- LE = R2111 - @.5 -l -r @.advaﬁr

e

— Problem: Instantaneous Q, can be more
than one-half as large as R,

- Q, varies with

e turbidity

e water depth

e advection into and from water body




Penetration of Solar Radiation
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American Falls Reservoir

Snake River
Henrys Fork
Eastern Snake River Plain
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. Set up at American Falls Res.

' N Wind direction
Yy (Majority)
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Typical Day in June
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Typical Day in Sept «
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Aerodynamic Estimation of

Evaporation from Water
e Using standard aerodynamics:

E =3,600,000 p, (0°()-a,)
pW rav
- T, is surface temperature

— q° is saturated specific humidity at
surface temperature

- q, is specific humidity of air:

qa _ CIO(TS) (jaweatherstation ~ constant RH
q (Ts veg (cold))

[z ][]

Y 0.41%u,,
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3-D Sonic Anemometer for EC
American Falls F




REBS Bowen Ratio Sys. (for H
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Translation of Instantaneous
Evaporation to the day:

e Using the "E.,” expression of
Penman(1948) derived from
weather station data, only:

E, =3,600,000 p, (o°(T.)-3.)
pW rav
- T, is air temperature at weather station

— q° is saturated specific humidity at air
temperature

- q, is specific humidity of air:

5 Baza  000050T ffimfi
E24 foreach pixel = Eatsatellitetime for each pixel E f
a at satellitetime

0




Adjusting for Background Soil
Evaporation when
Interpolating
Evapotranspiration between
Satellite Overpass Dates
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EE
-2 -1 [
‘I’ Is the image to be cloud filled,

‘I-2” and ‘i-1" are two images earlier than image |
‘i+1" and ‘i+2’ are two images later than image |

image ‘i-2" and ‘i+2’
ETrF vs NDVI relation is developed for each image

--Provides general adjustment for change in Vegetation @
time (ETrF is ‘relative’ ET)

_ Ay (ET Fyta; —ap + |57 — 5 INDVI; )+ A {(BT, F; + a3 —a; + [B; — 5]
A+ AL,

BT, Fy
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Filled areas are too high for bare soil
Better matching

Daily ET mm Inch
c 0
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ET-F during the growing season showing
impacts of wetting events

1997 image date ETIF estimates
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Adjusting for background evaporation
day of image to monthly period (using
gridded daily evaporation process mod

Irrigated Agriculture
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Refining Components of the
Surface Energy Balance for
Forests and Steep Terrain
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Surface Temperature ‘Delapsing’ f
spatial distribution of near surface

temperature gradient
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J. Kjaersgaard and R. Allen, University
of Idaho. October 2009




Close-up of Band 6 resampled to 60 m (Ieft)
and 30 m (right) by EROS as an L1T
product for Pecan orchards in NM.

DN=0 is black; DN 130-150 red through
yellow; DN 150-170 yellow through
green.
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Presenter
Presentation Notes
Close-up of the thermal band resampled to 60 m (left) and prototype 30 m (right) by EROS as an L1T product for an area S of Las Cruzes, NM. DN=0 is black; DN 130-150 red through yellow; DN 150-170 yellow through green.



DN 130-165 is red _
through yellow; DN
165-200 is yellow
through green.

Thermal band from LS5 from July 10 1996
resampled to 30 m using NN (upper left)
via NLAPS and to 60 m (upper right) and

30 m (bottom left) using CC via LPGS.
inersyalia c€nter Pivots in Idaho)



Presenter
Presentation Notes
The thermal band from the LS5 path 40 row 30 image from July 10 1996 after being preprocessed using the NLAPS preprocessing system and resampled to 30 m using NN (upper left) and using the LPGS preprocessing system with the thermal band being resampled to 60 m (upper right) and 30 m (bottom left). DN 130-165 red through yellow; DN 165-200 yellow through green.



Single Rogue 120 m Ther

DN 130-165 is red
- through yellow; DN
165-200 is yellow
through green.

Thermal band from LS5 from July 10 1996
resampled to 30 m using NN (upper left)
via NLAPS and to 60 m (upper right) and
30 m (bottom left) using CC via LPGS.
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Presenter
Presentation Notes
The thermal band from the LS5 path 40 row 30 image from July 10 1996 after being preprocessed using the NLAPS preprocessing system and resampled to 30 m using NN (upper left) and using the LPGS preprocessing system with the thermal band being resampled to 60 m (upper right) and 30 m (bottom left). DN 110 is gray; DN 130-165 is red through yellow; DN 165-200 is yellow through green.   The blue square in the upper left image is a single 120 m thermal pixel that had distinctly lower DN than the surrounding pixels.


Impact of OverPass Return
Frequency on Success of
Producing Growing Season
Evapotranspiratio[g

Ll
equirement for c 1| Vegetation 2000 oo
Seasonal ET: Boe / N
LL A
— 0.8 clearness tolerance 1 > e
each 32 day maximum Dos ¢ § ¢ ¢ s 58
time-between Sighting —Spli.ned ' . © S.atelli.te Dz;te .
of the ground Example of building seasonal ET

e for specific areas of interest
that comprise — 2096 of a
Landsat scene

e — April — October growing

Unersityorldaho - Season 1N ldaho




For a 16 day overpass

(one satellite) ¢> 0.8 dearness each
32 days)

e For path 39 row 30 (eastern Idaho),
— over the 26 year Landsat 5 record,

only ONE of 26 years (4%) qualified.

— over the 10 year Landsat 7 record,

NONE of 10 years (0%) qualified.

e For path 40 row 30 (southcentral
Idaho),
— over the 26 year Landsat 5 record,

only two of 26 years (8%) qualified.

— over the 10 year Landsat 7 record,

only one of 10 years (10%) qualified.
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For an 8 day overpass

(two satellites) (> 0.8 dearness ea
32 days)

e For path 39 row 30 (eastern Idaho),

— over the 10 year record (2000-2009),
four of 10 years (40%) qualified.

e For path 40 row 30 (southcentral
Idaho),

— over the 10 year record (2000-2009),
five of 10 years (50%) qualified.

e Conclusion: Halving the return time
(16 - 8 days) increased probability

of successful years by 5x to 9x
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A four day overpass return is
expected to increase the
probability of successful
growing season ET for any
year to 80%o (vs. 40 — 50%
for 8 day return and vs. ~5%
for 16 day return)

(> 0.8 clearness criterion per image
on a 32 day maximum interval in
southern Ildaho (a relatively low cloud

region))
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For a 16 day overpass

(one satellite) ¢> 0.7 dearness each
48 days)

e For path 39 row 30 (eastern Idaho),
— over the 26 year Landsat 5 record,

ten of 26 years (38%) qualified.

— over the 10 year Landsat 7 record,

five of 10 years (50%) qualified.

e For path 40 row 30 (southcentral
Idaho),
— over the 26 year Landsat 5 record,

ten of 26 years (38%) qualified.

— over the 10 year Landsat 7 record,

only three of 10 years (30%) qualified.

unvesiverisano NOTE@ that 0.7 clearness each 48 days is less than sz




For an 8 day overpass

(two satellites) (> 0.7 dearness ea
48 days)

e For path 39 row 30 (eastern Idaho),
— over the 10 year record (2000-2009),
nine of 10 years (90%) qualified.

e For path 40 row 30 (southcentral
Idaho),
— over the 10 year record (2000-2009),
nine of 10 years (90%) qualified.

e Conclusion: Halving the return time
(16 - 8 days) increased probability

of successful years 3x, but 0.7
clearness each 48 days is not satisfactory
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METRIC Applications in

Western Water Management

e Idaho

— currently processing 1996, 2008 (Ul) and 1986
(IDWR) from archive for historical trends in ET (field
level)

New Mexico

— Water consumption by invasive vegetation along
the Rio Grande (Ul) (narrow systems require hvgh

res. LST)
e Colorado

— Conjunctive management of ground-water and
surface water by State Engineer along the South .
Platte (Riverside Technology-Ul (NASA-ROSES)  # . 4

— Assessment of water shortage and salinity impacts
along the Arkansas River (an independent
application by CSU)
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METRIC Applications in West

Water Management
e Oregon

- “Fen” areas north of Klamath Basin where Stock W
Supplies for Grazing compete with local Ecosystem

supplied by Springs (US Forest Service)
- Very narrow systems reqm're hr-ms thermal

Universityofidaho

&



METRIC Applications in West
Water Management

e Nebraska

- Ground-water management and mitigation in the Og
Aquifer in western Nebraska (UI-UNL)

— Testing against measured ET in central NE (w/SEBA

e Washington

— METRIC used as ‘truth’ for calibrating larger scale e
balance models to assess climate change (Climate |
Group-UW)

e Federal

— improve performance of the US Bureau of Reclamati
RiverWare and AWARDS programs for operating la
systems (Ul)

— Calibrate a more simple large scale EB model (USG

Universityofidaho



METRIC Applications in West
Water Management

e Montana

- Ground-water Recharge estimation in four different
a single path!

— Customer: USGS and Montana Bureau of Mining an
Geology

— Recharge = Precipitation — Evapotranspiration

Universityofidaho



METRIC Applications in Weste

Water Management
e Nevada — partnership with DRI
— Water transfers from Irrigated Ag. to Reno/LV
— Water transfers from phreatophytes and playa to

— Need High Resolution thermal for narrow irrigatio
and someﬁmes narrow phreatophy!vc systems

i




METRIC Applications in Weste
Water Management

e North Platte Water Decree
— Nebraska / Wyoming / Colorado settlement in 2001
— States proportion ET among themselves

— High resolution monitoring is needed due to narro
irrigation corridors along streams

NERRROOBR] ]
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METRIC Applications in Weste
Water Management

o State "X” vs. State "Y”
— US Supreme Court case in preparation

— Upstream vs. downstream water rights
vs. Depletion by each state

— High resolution ET needed to aggregate wat
across irrigated fields surrounded by dese
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