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NASA ROSES Project

Physically based, spatiall distributed ET to enhance SPDSS in Colorado, and RiverWare in WA
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@Agricultural Water Consumptive Use

Quantifying water consumption over large areas
and within irrigated projects is important for:

— water demand foerecasting

— water rights; management

— Water reseurces planning, and

— water regulation

Difficult to ofi capture

— often most poorly understood! & weakly represented
components of water: DSS for; management activities
» P=Q+ET +AS
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Quantifying water consumption over large areas and within irrigated projects is important for:



water demand forecasting; 

water rights management; 

water resources planning; and

water regulation. 



Due to the difficulty of capturing this information, however, it is often one of the most poorly understood and thus weakly represented components of water decision support systems supporting these management activities. �


@Agricultural Water Consumptive Use

Typical method for ET:

— CU computed based on estimates of ET for
Crops

— Crop Er estimatedias; ai fraction (i.€., Crop
coefficient, Ke) off computed Elfior: reference
Crop

— Reference Elr is a standardized estimate. of
potential ETr calculatedfat a weather: station and
forra specific vegetation condition

— crop E T estimated by selecting derived Kec
corresponding to the crop growth stage, and
multiplying by the reference ET value
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Currently, agricultural water consumptive use is generally computed based on estimates of evapotranspiration (ET) for individual crops.  



Calculation of ET can be made experimentally with potentially good accuracy using weighing lysimeters, eddy covariance techniques, and the Bowen ratio technique. These methods are limited, however, because they provide point values of ET for a specific location - fail to provide the ET on a regional scale. 



Crop ET is estimated as a fraction (i.e., crop coefficient) of computed ET for a reference crop.  



Reference ET is a standardized estimate of potential ET calculated at an appropriately sited weather station and for a specific vegetation condition (0.5 m height and full ground cover). 



There is typically some question regarding whether the crops grown compare with the conditions represented by the Kc values, especially in water short areas. 



In addition, it is difficult to predict the correct crop growth stage dates for large populations of crops and fields. �


EAgricuItural Water Consumptive Use

ypical method for E

— Aggregated ET over a large area calculated by.
summing acress all fields (if: specific field-crop
Infermation isavailable)
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In practice, crop ET is estimated by selecting derived crop coefficients corresponding to the crop growth stage and multiplying by the reference ET value. 



Aggregated ET over a large area is then calculated by summing across all fields within the area, if specific field-crop information is available. 

�


- Agricultural Water Consumptive Use
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Visualization of crop ET as estimated by selecting derived crop coefficients corresponding to the crop growth stage and multiplying by the reference ET value. 



ET is highly variable in both space and time. 



It is variable in space due to wide spatial variability of:

Precipitation;

Hydraulic characteristics of soils, and

Vegetation types and densities. 



It is variable in time due to variability of climate and development or senescence of vegetation. 

�


= : :
Why Satellite Remote Sensing?
Limitations of Typical method for ET:

— Weather data are gathered from fixed points --
assumed to extrapolate over large areas

— Crop coeefficients assume “well-watered” situation
(impacts ofidrought stress are difficult to; quantify)

— Crop maps are required

Satellite imagery:

— Areas where Water shortage reduces, Elr are identified
— Little or no ground data are reguired

— Valid for natural vegetation

— Energy balance applied at each “pixel” to map spatial
variation
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This aggregation thus requires the creation and regular update of GIS crop-type maps, which are costly to maintain. 

There is typically some question regarding whether the crops grown compare with the conditions represented by the Kc values, especially in water short areas.

In addition, it is difficult to predict the correct crop growth stage dates for large populations of crops and fields. 

So………, these limitations have motivated the use of remotely sensed data from satellites to evaluate ET over large areas. The major advantage of remote sensing is that ET can be computed without quantifying other complex hydrological processes. 

Recent developments in Satellite remote sensing-based ET models are enabling us to:

  accurately estimate ET and Kc for large populations of fields and water users, and to

  quantify net groundwater pumpage in areas where groundwater extraction is not measured. 

  Better information on ET is essential for better understanding of consumptive use and soil moisture availability.

  Satellite images provide an excellent means for determining and mapping the spatial and temporal structure of ET. 

�


Energy Balance

ET Is calculated as a “residual” of the energy
balance: (' ©) ET=R, -G -H

R H =

(radiation from sun and sky) (heatto air) (evapotranspiration)

Basic Truth:
Evaporation
consumes
Energy

(heat to solil)
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In both the METRIC and SEBAL models, ET is computed from satellite images and weather data using the surface energy balance. Since the satellite image provides information for the overpass time only, METRIC computes an instantaneous ET flux for the image time. The ET flux is calculated for each pixel of the image as a “residual” of the surface energy budget equation and is expressed as the energy consumed by the evaporation process: 

	                        LE = Rn – G – H

where: LE is the latent heat flux (W/m2), 

Rn is the net radiation flux at the surface (W/m2), 

G is the soil heat flux (W/m2), and 

H is the sensible heat flux to the air (W/m2). 

LE is converted into ET, expressed as a depth of water per time, by dividing by the latent heat of vaporization. 

So,

In the equation above, the soil heat flux (G) and sensible heat flux (H) are subtracted from the net radiation flux at the surface (Rn) to compute the “residual” energy available for evapotranspiration (LE). Soil heat flux is empirically calculated using vegetation indices, surface temperature, and surface albedo. Sensible heat flux is computed using wind speed observations, estimated surface roughness, and surface to air temperature differences. METRIC uses an iterative process to correct for atmospheric instability due to the buoyancy effects of surface heating. �


® Net Radiation (R,,) = function of:
— Date and time terms are

— (brightness of surface) eIl
satellite

— =N H ET
. . . (radiation from sun and sky) (heat to air) (evapotranspiration)
— Humidity (minor; effect)

— Heat to Air (H) = function of:

— Wind'speed
— type and ‘roughness it
— Surfaceto aiff temperature difference:
— Hiat the cold” pixel = R, — G — EI|
— Hiat the “hot” pixell = R, — G —0
— Heat to Ground (G) = function of:

reference
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e.g:



Surface albedo is a reflection coefficient defined as the ratio of the reflected radiant flux to the incident radiant flux over the solar spectrum. 



It is calculated using satellite image information on spectral radiance for each satellite shortwave band, including visible and near-infrared wavelengths. 



Surface temperatures are computed from satellite image information on thermal radiance. �
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In the energy balance Equation, the soil heat flux (G) and sensible heat flux (H) are subtracted from the net radiation flux at the surface (Rn) to compute the “residual” energy available for evapotranspiration (LE). 



Soil heat flux is empirically calculated using vegetation indices, surface temperature, and surface albedo. 



Sensible heat flux is computed using wind speed observations, estimated surface roughness, and surface to air temperature differences. METRIC and SEBAL use an iterative process to correct for atmospheric instability due to the buoyancy effects of surface heating. 



Once the latent heat flux (LE) is computed for each pixel, an equivalent amount of instantaneous ET (mm/hr) is readily calculated by dividing by the latent heat of vaporization (λ) <lambda>. 



These values are then expressed as ratios of ET to reference crop ET at the instant of the satellite overpass. 

�
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The ratio is extended to the full day and then interpolated between dates of satellite images to provide daily and seasonal levels of ET. 



Reference crop ET is used in METRIC as the ET rate expected from a well-defined surface of full-cover alfalfa and is computed using ground weather data. �


=
NCWCD Weather Bocthecn oloraild Woter

WEATHER STATIONS

Stations Network : < ""Doto/Repors

Locations west of
Greeley, Colorado

(L]
I

ol

Colerade
Celorade Indax Mogp

e West

el elelolele)els]

o N
[N, MV |
[=Y'=)
FONTN S, O O SR E N T e WY PN O P O P o

[
==
T

BTN r U R RN e v N e YR N PN Ml un o L uD D F

P o 0000 oD P e O D FoL

w

1.
0.
2.
1

1.
1.
1

0.
1.
1.
1.
1.
1.
1.
1.
1.
2.
2.
2.
1.
0.
0.
1.
1

LD ol b oD W Ao
LDl oD b oD D o oo

[l ntelayl SOy |
)

Locations east of
Greeley, Colorado

“, \\ﬁ.ggins o0

Fort l_ﬁrgun



Presenter�
Presentation Notes�
Hourly (or shorter period) weather data from a relevant weather station need to be gathered and subjected to quality control. 



Following quality control, reference ET values are computed 



The reference ET estimate is used to calibrate the energy balance process and thus the accuracy and quality of the entire ET map is only as good as the quality of the reference ET estimate, which itself is only as good as the quality of the weather data. �


Why use ngh Resolution Imagery’7

ET of Idaho by AVHRR-
ALEXI (Anderson et al.)

MODIS -same day, MODIS —near
large scan angle nadir scan angle

Source: Rick Allen, University of Idaho
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METRIC is designed to produce high quality and accurate maps of ET for focused regions smaller than a few hundred kilometers in scale and at high resolution, e.g. irrigated lands mapping.



This contrasts with some remote sensing models that are more general based and are designed for routine application over large regions (for example over subcontinents). 



The narrowed focus of METRIC is intended to provide more accurate estimates of ET and at higher resolution (~30 m) as compared to more general models. 



The narrowed focus does come at a cost, e.g. the requirement for high quality hourly (or shorter) weather data. �
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Energy balance gives us “actual” ET
We can ‘see’ impacts on ET caused by:

VWater shortage
Disease

Crop variety.
Planting density.
Cropping dates
Salinity
Vianagement

Many of these effects can be ‘missed’ by vegetation
Index based methods

ET reduction effects can be converted directly into
an evapotranspiration coefficient




Differences between METRIC and
Traditional Consumptive Use Estimates

3-D Visualization of METRIC ET
Consumptive se Estimates

3-D Visualization of K¢ Consumptive
Use Estimates Superimposed on
METRIC Estimates
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What is area of 3 center pivots, and possible total ET?





ET is highly variable in both space and time. It is variable in space due to the wide spatial variability of precipitation, hydraulic characteristics of soils, and vegetation types and densities. It is variable in time due to variability of climate and development or senescence of vegetation. Satellite images provide an excellent means for determining and mapping the spatial and temporal structure of ET. �


Differences between METRIC and
Traditional Consumptive Use Estimates

Comparative 24-h Consumptive Use Estimates for 6821 Corn
Fields in the South Platte River Basin in 2001 (m3)
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   Refine and develop regional crop coefficients



   Return flows



   Facilitate LIA strategies



�


Drought Index

NDVI September 25, 2001 ETrF September 25, 2001
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Understanding and monitoring drought and water stress at the irrigated lands scale�


Parcels and Service Areas

- Potential irrigation service areas combined with
irrigated parcels

» Parcels attributed with the ID of the diversion structure
for each service area

= O Irrigation Wells

Irrigation Ditches
et | i
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Possibility to tie this to irrigated parcels – linkages to demand (important for LIA management)�


Data Dissemination

Internet map server, powered by ESRI ArcServer. technology
Web mapping tool has analytical geospatial capabllities

Modeler can select an AOI (e.g. return flow contributing
area) by digitizing on-screen, and compute ET for that area

Streamlines flow of data into
the Decision Support R = st e
Systems Mo RO
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RTi has developed an Internet map server, powered by ESRI ArcServer technology. 



Web mapping tool has analytical geospatial capabilities that enables users to query and select irrigated parcels by crop and irrigation type and then compute total ET for that selection.



Similarly, a groundwater modeler can select an area of interest (e.g. return flow contributing area) by digitizing on-screen, and compute ET for that area



The ET-ArcServer also helps streamline the flow of data into the Decision Support Systems�


Data Dissemination

&S Riverside Technology, inc.

Find Parcels by Crop and Irrigation
Find Parcel by ID

Identify Parcels

ET Stats by Crop and Irrigation

ET Stats by Parcels

ET Stats by Polygons

= ALFALFA
Rowid 1
CROP_TYPE ALFALFA
ZOMNE_CODE 1
COUNT 782846
AREA 7.045614E408
MIN -1.403085
MAX 8.583898

http://snake.riverside.com/waterdss/




Limitations

Should not expect perfect accuracy in
estimating ET by energy balance driven by
satellites that orbit 700 km above the

earth’s surface

ET and energy balance processes are
energy driven, but are impacted by
aerodynamics at the surface that are
largely invisible to the satellite




METRIC ET Products

Source instrument Landsat TM LaEn_Fil\jlat Aster MODIS

Spatial resolution
(Determined by the thermal band)

120 m 60 m 90 m 1 km

Frequency of product availability 16 days 16 days Inconsistent 4 days

Delay between observation and
product availability

Approx. 1 week after image acquisition

Geographic projection and file UTM or other common geographic projections and data
format formats

Compatibility with GIS software Most common GIS and image processing software




Conclusions

ET maps are valuable for:

Determining Actual ET

Water Transfers

Water Rights Conflicts

Diversion Management for; Endangered Species
Ground-water Management

Consumption by Riparian Vegetation

Drought monitering and/management

Excellent means for. determining and mapping the
spatial andtemporal structure of ET

» Maps by METRIC™ have good accuracy and
consistency.

A single, high resolution thermal band is

adequate and essential




Contacts and Thanks

METRIC:
RiCk A”en Universityof_ldaho
University of Kty
Research and Extension Center, Kimberly, ldaho

SARiverside Technology, inc.

Claudio.schneider@riverside.com
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