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Objectives

> Apply, evaluate and benchmark the use of
NASA satellite and modeling products to
improve USBR AWARDS ET Toolbox DST

o Use NASA satellite data (e.g., MODIS products) in a METRIC/SEBAL
approach to either 1) update outdated ET Toolbox Crop Coefficients
and/or 2) replace the ET Toolbox costly approach based on land cover

o Use NASA Land Information System (LIS) modeling products for ET
estimation and short-term predictions (1-7 days)

o Use and evaluate NASA Products the Upper/Middle Rio Grande River
Basin Test Site

o Design and Implement NASA products for improving AWARDS ET
Toolbox DST
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Description of the DST

> Agricultural WAter Resources Decision
Support (AWARDS)::

o The Bureau of Reclamation operates
AWARDS ET Toolbox primarily to assess the
amount of water available for agriculture.

o These assessments are used to portion out
limited water resources for various agricultural
interests while retaining a portion for other
uses (ecosystems, recreation, commerce,
etc.).



Contributions to the NASA ASP

Collaboration with USBR to enable and enhance the
application of NASA’s Earth System science research results
for use in partner's DSTSs.

Focusing on:

o Estimating water storage — reservoir, showpack, soil
moisture

o Modeling and! predicting water fluxes — evapotranspiration,
precipitation, river runoff.

Identify and assess USBR water management responsibilities,

plans and DSTs

Evaluate capacity of NASA Earth system science results to
support the DSTs

\alidate and verify application of NASA Earth system science
results with DSTs

Ini collaboration with USBR, document value of Earthi system
science results relative to Its obligations and support adoption
Into operational use



Reclamation DSTSs
> Describe Reclamation Metrics

AWARDS BT Tgolggl~

e Eddy Covariance Flux Towers =» Validation; establish metrics based on
validation at select sites

- Middle Rio Grande HRAP Integrated Streamflow for Intercomparison of
ET Toolbox estimates to NASA ET products from 1) METRIC using MODIS
and Landsat data and 2) LIS Modeling of ET

INVEWVENE
e AWARDS ET Tool-box input to River\Ware

e Reservoir Management: releases to meet downstream demands;
treaty/compact water needs; operational requirements for flood control and
management



Adapting ET Toolbox for

NASA Data Products
> AWARDS ET Toolbox
o Potential NASA data products that could be used as inputs by
AWARDS, include

LIS modeled data:
« Evapotranspiration (Emphasis of Study)
« Soil moisture
« Predictive forecasts
« Uses MODIS land cover, surface temperature, LAI, albedo, etc.

METRIC ET
« MODIS/Landsat/ASTER data

o Uses nearby weather station data for reference ET
extrapolations

> Modifications needed

o« Update Crop Coefiicients; Replace land cover approach;
Modeling for predictions



Use of LIS in USBR Projects

> At NASA, the land surface models and datasets
used in the LIS modeling environment are being
customized to fit to each DST’s specifics and
datasets for evaluation and benchmarking purposes.

> Key fields of interest:
o River runoff and streamflow (hydrographs)
o lotal evapotranspiration (ET) and ET components
o Short-term (1-7 days) predictions of streamflow
> USBR Researchers and Water Managers testing the

output retrospectively and hopefully eventually.
operationally.
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vV & V Components

Verification and Validation

The V&V component to this systems engineering approach is closely
connected to the evaluation and benchmarking phases:

a) During the V&V phase, NASA data and data products are integrated
into the DST to generate model outputs.

b) To insure the quality of the output, the results are VERIFIED by
comparison with model runs using in situ data as inputs - these are
the default runs shown in the following tables.

c) The next step is the VALIDATION phase in which NASA interacts with
the end users (USBR) to insure that the outcome from the enhanced
DST (using NASA inputs) meets the functional needs of the Bureau of

Reclamation. In other words the DST is operating correctly with the
NASA inputs.



Project Products

Benchmark/Final Report

Benchmark report to address the following:

a) Performance of the decision support system (DSS) with the Earth science
results compared to DSS beforehand (Metrics are the statistics produced by ET
Toolbox)

b) Results of requirements analysis and issues resolved during verification and
validation

c) Issues related to transfer and adoption by the Bureau of Reclamation

d) Robust documentation of procedures and guidelines to describe the steps to
access and utilize the Earth science research results

10



Application of NASA Land
Information System
Products for ET Toolbox



Using LIS Modeled Output for Enhanced Evapotranspiration
Estimates — Reclamation Project

y S e S Reclamation's AWARDS ET-Toolbox —
» Evapotranspiration
» Effective Precipitation

LIS Latent Heat Fiux

Temoerailure

Parameterizing and assimilating
MODIS, Landsat and ASTER data
into LIS models to be tested in

' the AWARDS ET-Toolbox
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Differences between (1) AVHRR run and (2) MODIS-V3 “@“

"The figures above show the differences in latent heat flux, sensible heat flux
and the top layer soil temperature for the Noah LSM with regard to two
different satellite-derived land class maps. The boxed area in the LH Flux plot
(left-most figure above) is highlighted further on the next slide.



atent Heat Flux (W m-2); AVHRR run — MODIS3 run

1069 106,48 106.7W 106,64 106,50 10640 10630 10629 10610 1064

The figure above is the Albuguerque area and shows the difference between
the latent heat flux fieIdﬁhSVHRR runiand the MODIS-V3 run.




Comparison of LIS Derived Water and Energy Flux
for Two Reference Sites in Middle Rio Grande site




Incoming Shortwave (2008)

Incoming Shortwave (2008)

1000
800
600 E
200 ﬂ m A A
call A ]
0 5 10 15 20 25 5 10 15 20 25 X
Days of Jonuary Days of July
Incoming Shortwave (2005) Incoming Shortwave (2005)
3 =|
j LA I | I
EF [ [ :
f | | AN =] i u E]
0 5 10 15 20 25 3 0 5 10 15 20 25 X
Days of February Days of August
Incoming Shortwave (2005) Incoming Shortwave (2005)
1200 T o T T T
1000 E
800
600
400
200
ok
0 5 10 13 20 25
Days of March Doys of September

Incorning Shortwave (2005)

Incorning Shortwave (2005)

AAALLL

5 15 20 25
Doys of April Doys of October
Incoming Shortwave (2005) Incoming Shortwave (2005)

120;' 3 120;'
1000 E- = 1000 -
BOO - it BOOE
600 600
400 E 400 E
200 200 E

0 5 10 15 20 25 15 20

Days of May Days af November
Inc;urnirur__] Shortwave (2.’,}[)5} Inc;urnirur__] Shortwave (2.’,}[)5}

1200
1000 £ L b AR - | | Eies 1
800 | I
600 ' -‘
400 |
| VLN

[/} 5 . - 181N - | e SEN . HERWE £ ; £ | L1l | Ll § A g

0 5 10 15 20 25 ko 0 5 10 15 20 25 X

Davs of June Davs of December



Temperature (2005)

Temperature (2005)

g 0 3 10 15 20 25 3(
Days of January Doys of July
Temperature (2005) Temperature (2005)

Term [K]

Days of February Days of August

Temperoture (2005) Temperoture (2005)

15 20 25 30 9] 5 10 15 20 25 3

0 3 10 i
Doys of March Days of September
Temperature (2005) Temperature (2005)

Term [-{]

0 5 10 15 20 25 30
Days of April Days of October
Temperature (2005) Temperature (2005)

FTRF

T

lem [K]

Temperature (2005)

Temperature (2005)
3508 5 b Gt o, il el

fem |K]

Daovs of June



re |mm/hourj

il

Fre |mm/hour |

Fre |mm/nhour |

Fre [mm/hour]

Fre |mm/nour |

Fjrcc‘wpilotilon 2005)

Precipitation (2005)

3 ®
® 2 e
o £ .
i3 e
® @ [ ]
; L ; B . ek 5 d .0 a ®
5 10 15 20 25 30 5 10 15 20 25
Days of January Days of July
Precipitation (2005) Precipitation (2005)
14E e, ¥ g, 0 ’
12E Q ]
10E- £
8E [ ] ® e
6 - @ . i € [ 4 5
‘E [ ® %
E ) | ¢
’SL' I * ‘_‘ a b_I a : P L i A o a & i i
o 5 10 15 20 25 5 10 15 20 25 3
Doys of February Days of August
Precipitation (2005) Precipitation (2005)
14E- ) <= 14
12E @ 2 15 i v
10E- = @
5 P L £ 8E e ° ® °
6E L E GE- O o ® = ®
4E @ el . 5 AE °« L, oo 0
3E o ad ° . ® E BE P o @ L.
0 5 10 15 20 25 30 0 5 10 15 20 25
DOyS of March Doys of September
Precipitation (2005) Precipitation (2005)
14E = .
4m 2
15 [ g %
8 €
6E - . £ e 8
<E o o 3
E o P ¢ 1 2 B
b LY - _al ‘ EN % ‘.
a 5 10 15 20 25 A0 5 10 15 20 25 3
Days of April Days of October
Precipitation (2005) Precipitation (2005)
14 -
12E 3 L]
10E- &
8E- B ®
BE- ] €
Fy=s = '
E. @
0E ) ® o
[} 5 10 15 20 25 30 5 10 15 20 25
Days of May Days of Novemnber
Precipitation (2005) Precipitation (2005)
14 15
12E- _é
.gEi—— =3
8E & E
6E
4 ° . L]
A % & LN
0 5 10 15 20 25 5 10 5 20 25

Davs of June

Dovs of December




Designed Experiments

MODEL: LIS4.3 NOAH2.7.1

Using NLDAS forcing

LIS OBS:
LIS OBSI:
LIS OBSR:



Irrigation Experiment (SEV)

Dally Avcrogcd (‘n.:\b'C Hcot Flux 2005

Dally Averaged Sensible Heat Flux (2005

BOE IS NLOAS BOE IS NLDAS _
m'_—USQDBS onpe—L1S 0BS (+Irrigation) j
085 L 0BS
] 50l ¥ 150
£ 150 B 150
> SH & F
=100 - 100F
il r~ n _
50F 50
0_ I I Iy il D_ i I I I
Jan Feb Mar Jun Jul Aug Oct Nov Jan feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Days of the year Days of the year
Daily Averaged Lotent Heat Flux (2005) Daily Averaged Latent Heat Flux (2005)
e it ) o 3 . T T T - —— ™ - — T T T
.)bU C T :J T g T T T T T T T ¥ ’)bo [ { ‘ N{ DA%\
£ LIS 0BS LIS 0BS (+lrrigation) :
00~ n WE— -
r0BS _OBH :
g 0] Y 50 :
. f LE “E - :
. 1001 2 100 -
- - :
50— 50 =
| S o . Akt
Jan feb Mar Jun Ju\ Aug Sje Orl Nov Jan Fe Mar May Jun Jul Aug D Dec

Days of the yeor Days of the year

Dony Avcrogod Sonolblo Ond Lat Cnl Heat "lux QUOJ Daily /\veruqed wwble m l(]lf‘fl Heat H [/’DUJ)

BOE IS NLOAS | -

20F IS NLOAS

E LIS 0BS LIS 0BS (+lrrigatiog) 3
2005 00F -
- E oS o O 08S ;
{iwsuj— SH+ éwsor -
i 100~ f, 100
- LE : E :
50f 50 .

0C ; L L i n . L .

Jon Feb Mar Apr May Jun Jul Aug Sep Oct
Days of the year

(=]
T

Jan Feb Mar Apr May Jun Jul Aug Sep Qct Nov
Days of the year



Obs. --

Blk
Model +
Irrigation —

Red
Model + No
Irrigation --

Blue

Observations
o S0 r T T LE— - T T T T T 7
9 25k S00¢ Precipitation 1
L |~ - i -
e 2F = 250: Evaporation |
E ok & 200EF =
x5 EF 5
| Mar Apr May Jun Jul Aug Sep QOct Nov Dec g 150 E_ _;
— 100} -
Soll Maisture of Loyer 2 (2005) & : ]
-\___N~_~_J 8 S0 E
-«4 ~__dk o
S — “"M"’ -
=50t L
0 7 Jan Mar May Jul Sep Nowv I
Jan Feb Mur Apr Moy dun Jul Auq Sr.'p Oct Nov Dec MOd el
200F T T T - T
Soll Moisture ot Layer 3 (2005) n PreC|p|tot|on
B - - —f = 250L Evaporation .
0 150 = N = [ ]
E e S s =N 5 SO Surface runoff E
¢ 100 / i S 200F _ _ _ Baseflow ]
£ - 1 1 ]
= 50 e S 150 f—---—- DelSoilMoist E
2 £ - .
i gf L= r ]
dan Fab Mar Apf May dun Jul Aug Sep et Nov Dee i 100 3 E
& 50F 3
Sail Moisture ot Layer 4 (2005) o e ]
7500 o O_-1|-lr-|a-—.,_ﬂ=_—__._—_.___mu-—rr';.— —_—— T e
o 250F :
T 00F- TR -50E . L
F. lgg._ Jan Mar May Jul Sep Nov I
5 s0f
I 0 P N | I AR S U E— Model
Jan Fab Mar ﬂpv Muy Jun Jul n'\u:_, ?pr Det Nov Dec 300 r T T
e PreC|p|tot|on
4F - . = 250 FEvaporatiq E
A Irrigation Rate I T Surface r
< g g 200 Baseflow E
£ 0.003:— ~ - - - "
E g £ 150
2 3 E
‘g 0.002 E_ a 100
S : 50
'8, 0.001 ¢ % 0
0.000f . . oy =50
Jan Mar May Jul Sep Nov MU Ll Qﬂﬁ—Nﬂh




; ; ) Riparian — Adjust Bottom Layer Only
_ R|par|an Expenment |

Daily Averaged Sensible Heat Flux (2005)

LIS OBS
E LIS OBS (+Riparian)
0OBS

“M W g

Wil . e

W W &J ( _.a‘l" y l ‘M:
Feb Mar Apr M Aug Sep Oct Nov

ay Jun Jul
Days of the year

SH

?-_II|IIII|IIII|II I|II I

Dec

Daily Averaged Latent Heat Flux (2005)

- 1IS 0BS
LIS OBS (+Riparian)
- OBS

LE

P ANV

[
(]
o

Apr May Jun Jul Aug
Days of the year

Daily Averaged Sensible and Latent Heat Flux (2005)

T

- LIS OBS
= LIS OBS (+Riparia
- OBS

SH+LE

SH+LH [W/m2

[IIII|IIII|II I|II I

May Jun Jul Aug
Days of the year




ipari ' Riparian —Bottom 2 L
_ Riparian Experiment 11 iparian —Bottom 2 Layers
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Preliminary Results for LIS Catchment LSM

for Middle Rio Grande
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Nasa
NASA Satellite Data for Evapotranspiration to AWARDS ET

Toolbox (Pl: Richard Allen, Univ. Idaho)

o Using SEBAL procedure (Surface Energy Balance
Algorithm for Land) and METRIC, whichiis an extension of
SEBAL, to generate ET maps

o« MODIS and METRIC-based ET maps are designed to work
within the AWARDS gridcells

o For the Middle Rio Grande METRIC-based ET are derived
using multiple MODIS satellite imagery augmented by
periodic high resolution Landsat imagery.

o ET derived from Landsat images may be used to validate
MODIS-based ET maps,

o Developed Kc (Crop Cogefficient) information to be fed into
the AWARDS and ET Tooelbox to be combined with daily
reference ET to produce daily ET demands.

27



Translation of METRIC from Landsat to

MOD'S (R. Allen, University of Idaho)

Applications with MODIS were
tested using the original
Landsat basis in Idaho and
New Mexico
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Model Development for AWARDS K,

An NDVI based ET estimation method is
being extended for future annual updates of
AWARDS Kec.

- Developing periods only
I 1 1

Kc=1.1875 NDVI + 0.03

ET {mmvd)

0
2.3
16

6.9

92
- | 11.5

- in

Average K, vs. NDVI for a Landsat image and the corresponding ET
vanety of crop types in Idaho estimated from NDVI m New Mexico.
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Landsat5: 8/31/2003

ETF = 0.40_ n*
std.dev.= 0.36 %*

MODIS: 8/9/2004 (2°)

ET.F = 0.37
std.dev.= 0.25

MODIS: 8/31/2003 (57°)

ET,F = 0.46
std.dev.= 0.20

ET.F by METRIC

(Same area in S. Idaho showing |mp3aect
of MODIS scan angle)



Landsat5: 8/31/2003

MODIS: 8/9/2004 (2°)

Iily LST, Terra

MODIS: 8/31/2003 (57°)

Daily LST, Tema

Same area in S. ldaho showing impact
of scan angle. Effective size of therma
at57°1is 2 x 3 km




L. MODIS: 8/31/2003, Level2 5min LST

_n = B
Level 2 5min LST represents a daily instantaneous LST image.
White locations are ‘missing’ LST due to missing thermal emissivity due to mis-categorization
of pixel as a cloud near irrigated/desert boundaries.

Daily LST products have these fall-outs also, but the number of the holes is less, primarily
because of the smearing effect of resampling.

Currently, METRIC uses Level 1 radiance (using calibration of LST vs. radiance by regression
of ‘good’ pixels in LST image). Level 3 8-day )ST may also be useable 38



Another problem with MODIS Sensors: Ng ’
Band 5 (2" NIR) has been having striped output.
Stripes are present in all Level 1 — 3 products.

This problem has been reported for many bands as “known issues”.
http://modland.nascom.nasa.gov/cgi-bin/QA _WWW/getSummary.cgi?esdt=MODQ09

._.,__. I + T n_- =

These two images false color using Bands 5-1-4.

Solution: Omit band 5 from@ computations. o



MODIS: 8/31/2003. L1b radiance
4+ Band 31 by NN import

MODIS: 8/31/2003, L1b radiance

' Band 31 by Bilinear import 'i -u
. R

Level 1 calibrated radiance,
imported using nearest
neighbor resampling, has
“holes” for all evaluated
shortwave and longwave
bands (i.e. bands 1~7 and
31&32).

When imported using
Bilinear resampling, holes
disappeared due to
averaging from surrounding
pixels. However, smearing
increases and information is
lost.

Z10



Problem in 8-day reflectance product: '§SA
One image (date) is selected to represent reflectance for each pixel, based on

a ‘minimum Blue-Band (MinB) method.” This method generally selects
near-Nadir image pixels and generally works well. However:

a) The method tends to select shadows by clouds (low in blue band)

b) Each pixel can potentially come from a different date (therefore, confusion in
Energy balance as to which cos(0) to use.

MODIS: 8/29/2003~8day

Takeuchi,W. and Yasuoka,Y. (2005). Comparison of composite algorithm for South East Asia using

MODIS data. Photogrammetory and Remo@g (accepted), written in Japanese.
41



SUMMARY AND
FUTURE DIRECTIONS

NASA Satellite and Modeling of ET fluxes show potential promise to improve USBR
AWARDS ET Toolbox performance

Adapt NASA LIS Noah and Catchment LSMs for ET Toolbox to provide short-term
predictions of water availability with an emphasis on ET.

Quantify hourly to yearly LIS LSM water outputs from 2-sites to ~4-5 sites
Further evaluate METRIC ET of MODIS data for Middle Rio: Grande
Intercompare ET Toolbox, METRIC ET and LIS ET for monthly flow

The ET Toolbox DST with in situ and enhanced NASA products are behaving
properly and thus leading to an eventual Benchmark report

Benchmark use of NASA METRIC ET, NASA LIS Noah ET, and NASA LIS
Catchment ET for improved AWARDS ET Toolbox water loss estimation
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