U

=43 Time Series Evapotranspiration

United States

Mapping Using LandsatTM
and MODIS Data

eeeeee
ervice

SOIL & WATER MANGEMENT RESEARCH



Project Objective

u Developing time series evapotranspiration (ET
maps using LandsdatM and TerraMODIS
satellite data
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Landsat-based ET Maps

u Two selected locations

u High resolution ET maps (30 m spatial
resolution)

u Two source model (Norman et al., 1995)
u Period: 2001 2010
u Data used 16-day coverage

u Products:
A Surface temperature

A Evaporation, transpiration and evapotranspiration
(daily time-step)
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Landsat-Based ET maps

u Intensive field experiment locations
u Landsat scenes used

¢ Mesonet ‘

Oklahama

El Reno Landsat Scene- Path 28 Row 35

Ardmore Landsat Scene- Path 27 Row 36 ‘
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USDA
= W MODIS-based ET Maps

u Study area
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MODIS-based ET Maps

u Medium resolution ET maps (250 m)

u Surface Energy Balance System (Su, 2002)
u Period: 2001 2010

u Data used: Dally coverage

u Products:
A Surface temperature (daily time series)
A Evapotranspiration (daily time series)
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USDA
= WMl Energy Balance Equation

des

u ET is calculated as a residual of the energy balance

equation

ET=R-G-H
R, (Radiation
from sun and
sky)

s IGEESED

Basic Truth:
ET consumes enerdg

G (Heat to ground)
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=REY Soil Heat Flux (G)

des

u Bastiaanssen (1995)
G/R, = T, (0.0038 + 0.0074a)(1 - .98NDVI?)

u Tasumi et al. (2003)
G/Rn = 0.05 + 0.18 exp (-0.521 LAI) forrar> 05
G/R_ = 1.80 (T,-273)/ R_+ 0.084

for LAI < 0.5 (~bare soil)

G-=G/R.<R;
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Net Radiation (R))

Shortwave Longwave
Radiation Radiation

/_/%,—/\

(Incident longwave) (emitted longwave)
(Incident shortwave)

(RefSatal SHoaE) (reflected longwave)

RLl

(1-)Ry Z R; 1

Vegetation Surface

R, = (1-0)Rgy + Riy - Rip - (160)R0
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USDA i
Ssl>=9 Sensible Heat Flux (H)

H=@ 1 c 1 dT)/r,

dT = the near surface temperature difference (K)
r.,n1 Aerodynamic resistance to heat transport

U. - Friction velocity
KT von karmon constant (0.41)
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= B SEBS

u R, and G are calculated as in the SEBAL

u Estimation of the evaporative fraction based on energy
balance at limiting casésWet & Dry limit for each
pixel

At Dry-limit, the latent heat is assumed to be zero due t«
the limitation of soil moisture.

At Wet-limit, evaporation takes place at potential rate

LE\Net = Rn - GO - Hwet
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_Dr.(R,- G)+7.C,.(6a~ ©)
r..(g+D)+gr

Menenti, 1984

r.Cy- (€~ €)

(R,- G)-
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LE=L:LEw

SOIL & WATER MANAGEMENT RESEARCH Page 13



% Two Source Model

Single Source Model, e.g. SEBAL Two Source Model e.e. TSEB

Heat Water

A

Heat
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=2LY TSM (Two Source Model)

des

Rn +Rn +G+H +H +ME +AE =0

RAD(O) — {f(G)T4 11— f(0)] Té}lm
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% Two Source Model

Rn_ = Rn[l — exp(—BLAI)|

R .= CR,exp(b. LAI)

or
Rns: Rn B Rnc
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=2LY TSM - Energy Balance

des

Sensible Heat flux parameterization TSM and SEBAL

Two-Source Energy Balance Surface Energy Balance Algorithm for Land
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Instantaneous ET to Daily ET

u Evaporative Fraction Method

ET4 = (ET;/(ET,);) x (ET,),
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=228 Time Series Daily ET

des

u Calculation of daily ET (20012010)

Image Acquisition Date
Image Acquisition Date
Image Acquisition Date

ET=EToxEF1 ET=ETo x EF2 ET =ETo x EF3 ET =ETo x EF4

== — |mage Acquisition Date
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USDA
=@l ET, Calculation

Prasanna H. Gowda, Jerry E. Moorhead, Travis C. Warzecha,
Terry A. Howell, Thomas H. Marek and, Dana P. Porter
USDA-ARS Conservation and Production Research Laboratory
Bushland, Texas

Version 2.0
*Copyright 2013
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USDA
= @ | andsat ET I Accuracy Assessment

u El Reno Control Site (2005)

-- obs
-~ est
——7 per. Mov. Avg. (obs)

)

——7 per. Mov. Avg. (est

Evapotranspiration
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200 250

Day Of Year
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Landsat ET 1 Accuracy Assessment

u El Reno Control Site (2005)

y=0.7535x+0.1152
R*=0.7904

=
=
£
E
-
d
°
a
Fur}
m
E
%
ad

Observed ET (mm d?)

SOIL & WATER MANAGEMENT RESEARCH Page 22



Landsat ET 1 Accuracy Assessment

u El Reno Burnt Site (2005)
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Landsat ET 1 Accuracy Assessment

u El Reno Burnt Site (2005)
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y =0.9343x-0.0236
R*=0.776

Observed ET (mm d)
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Landsat ET 1 Accuracy Assessment

u El Reno Control Site (2006)

------- Obs

Est
——7 per. Mov. Avg. (Obs)
——7 per. Mov. Avg. (Est)
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Landsat ET 1 Accuracy Assessment

u El Reno Control Site (2006)
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Observed ET (mm d)
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Landsat ET 1 Accuracy Assessment

u El Reno Burnt Site (2006)
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