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2 Introduction - About This Document

This documentation is intended to provide information on the data sources, calculations,
and formulations of the many output products of the Agricultural WAter Resources De-
cision Support (AWARDS) system and the Evapotranspiration Toolbox (ET Toolbox).
It also provides user guidance for navigating through these products located on the
Internet.

This document was requested primarily by users of the products in New Mexico;
therefore it is focused on the operations in the Middle Rio Grande. However, it does
contain components that are valid in other AWARDS/ET Toolbox project areas.

This document was written using the LaTeX, pronounced lay-tek, typesetting pro-
gram operating on a Unix based computer, and saved as a pdf document. Some of the
figures were produced by PC Windows software called SmartDraw.

This pdf document is written to more easily accommodate reading and printing,
using the Acrobet reader available on personal computers. Using an Internet accessible
computer allows access to the numerous website products.

The embedded figures (outlined in red on the computer monitor) are static, dated
when aspects of this document were written. Dynamic real-time figures and tables are
available by clicking on the W (outlined in blue on the computer monitor) following
the figure number. This will activate an Internet link via the users web browser to the
AWARDS/ET Toolbox website. The address is: http://www.usbr.gov/pmts/rivers/awards/

However, accessing the website during the winter months may produce limited ET
and stream flow results.

The website links to other organizations are outlined in blue on the computer moni-
tor.

Since the AWARDS/ET Toolbox development is an on-going process, this document
will be modified as related program changes and additions take place.
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3 Purpose of the AWARDS/ET Toolbox

The primary purpose of the AWARDS/ET Toolbox system is to estimate high-resolution
daily rainfall and water depletions (crop and riparian vegetation ET, and open water
evaporation) within specified river reaches, and to provide these daily values for input
into RiverWare, which is the river modeling and water accounting system used by the
Upper Rio Grande Water Operations Model (URGWOM). The URGWOM is a multi-
agency effort to develop a numerical computer surface water model that will cover the
Rio Grande from its headwaters in Colorado to Fort Quitman, Texas. The purpose of
the URGWOM is to provide a daily water operations accounting tool that can be used
for basin-wide water management and planning.

Other purposes include presentation of near real-time rainfall, ET, and stream flow
conditions as frequently as possible within a readily accessible Internet site. These data
can be used by water managers, river operations and irrigation district personnel, the
scientific and farming communities, and the general public who may be interested in the
various levels of water management issues.

The definition of a toolbox is ”a case for carrying or storing hand tools”. The intent
of the AWARDS/ET Toolbox system is to provide tools to the user community that
help define the supplies and demands upon the river system. This toolbox is the carrier
for the "tools”, and a storage medium for historic ET and related products.



4 OVERVIEW OF THE AWARDS AND ET TOOLBOX 4

4 Overview of the AWARDS and ET Toolbox

The Bureau of Reclamation’s Agricultural WAter Resources Decision Support (AWARDS)
and Evapotranspiration Toolbox (ET Toolbox) system is used for estimating daily wa-

ter use requirements at a resolution useful for implementation in the Upper Rio Grande

Water Operations Model (URGWOM). The URGWOM is a multi-agency effort to de-

velop a numerical computer surface water model that will cover the Rio Grande from

Colorado to Fort Quitman, Texas.

The purpose of the URGWOM is to provide a daily water operations accounting
tool that can be used for basin-wide water management and planning. The goal of
the ET Toolbox project is to develop a methodology for automatically inputting daily
riparian and crop water use estimates, open water evaporation estimates, and rainfall
estimates to the URGWOM. The initial development work is focused on the Middle
Rio Grande area from Cochiti Dam to Elephant Butte reservoir in New Mexico. ET of
riparian vegetation and irrigated crops, and open water evaporation, accounts for about
60 percent of the water depletions over this section of the Rio Grande.

Future expansion may include the area north of Cochiti Dam to the Colorado border,
and south of Elephant Butte reservoir to Fort Quitman, TX.

Note that all time related information throughout the AWARDS/ET Toolbox system
is on Mountain Standard Time (MST) throughout the year. Therefore, during Mountain
Daylight Time temporal scaling will be one hour behind clock time.

The Middle Grande Conservancy District (MRGCD) divisions (diversions) as used
within the AWARDS/ET Toolbox system are listed in the following table:

Cochiti

Ansostura (presented in the ET Toolbox as Albuquerque)

Isleta (presented in the ET Toolbox as Belen North and Belen South)
San Acacia (presented in the ET Toolbox as Socorro)

The river reaches boundaries as used within the E'T Toolbox system are listed in the
following table:

River Reach 1  Cochiti Dam gage to San Felipe gage

River Reach 2 Jemez River above gage below Jemez Canyon Dam

River Reach 3  San Felipe gage to Central Avenue gage

River Reach 4 Central Avenue gage to Bernardo gage

River Reach 5 Bernardo gage to San Acacia gage

River Reach 6 San Acacia gage to San Marcial gage (includes the Bosque Del Apache)
River Reach 7 San Marcial gage to north end of Elephant Butte Reservoir

River Reach 8 North end of Elephant Butte to gage below Elephant Butte Dam (future)

The following diagram shows the overall data flow into and out of the AWARDS and
ET Toolbox processes.
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This diagram shows the principal data inputs and resulting
outputs of the AWARDS and ET Toolbox processes. Note that
many of the inputs are shared between them, and outputs from
AWARDS are used in the ET Toolbox.

Daily Weather Station (WX data
(see section 8)

l_%

Hourly NEXRAD precipitation
Estimates (see section 10)

< |

) v

AWARDS Eta 3-day
forecast
Daily National Weather o Agricultural WAterResources Decision Support weather
Service Quantitative »| ©Provides rainfall, weather station, and Qata (see
Precipitation Forecast generalized ET information section 9)
(QPF) @ Described in section 6
(see section 9)
Y

Y

Hourly rainfall images

%fg‘ec”g‘as es e Reference ET by WX e Daily images with cell by cell rainfal
© g e Crop and Riparian ET by WX ® Pop-up WX data

e Open Water Evaporation by WX @ Pop-up ET Charts

Real-time Stream
Flow Data (see
section 18)

WX= Weather ion

ET TOOLBOX

e Evapotranspiration Toolbox

e Extends the AWARDS to provide water use
estimates for river reaches and diversions

e Described in section 7

- /

e Daily images with cell by cell ET and rainfall

@ Pop-up hourly and daily WX data

Hourly Weather

l@—— Station Data

(see section 8)

Static GIS

le—— Land Use

(see section 15)

e Pop-up cell by cell, reach, diversion, and basin ET

e Pop-up daily ET rates
@ Pop-up stream flow data
e Situation Analysis Matrix

AWARDS and ET Toolbox Data Flow Diagram.
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The following is a flow chart of the AWARDS and ET Toolbox, starting at the home
page address http://www.usbr.gov/pmts/rivers/awards/index.html, showing the basic
structure of the website. The sections and major related figures within this document are
noted. The color groupings represent major components. For example, the New Mexico
Menu is dark brown, the Situation Analysis is yellow, and the ET Toolbox is light brown.
In the future, software may be in place to allow the reader to jump immediately from
the elements within this flow chart directly to corresponding sections and figures.

Info. on AWARDS

5§ —>{ System (Brochure)
T[: |_|Documentation of ET
Situation Analysisl. seciion75 | New Mexico Menu Toolbox (This Doc.)
Fig.2 =
l g —{ Archived AWARDS
P $ System Precipitation
5 § 2 Products
o
i’? g \)\, > Linksto
With Present [~ With Present | < NOAA Etc.
DivisionRain | & Hourly Rain g % [ Rdated
Fig. 20 ﬂ Ag1 | 3 e

Y
Daily Archived
Images

Inter-active AWARDS/ET Inter-active AWARDS/ET
Toolbox Image

Toolbox Image
Colored Topography No Topograzﬁy
Fig. 3 Fig. 4

Note: The results are identical from
here down - only the background is
different.

AWARDS and ET Toolbox Website Flow Chart (Continued on next page).
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Division
ET Toolbox Summary ) .
(Products Menu - Cochiti to Elephant [<—Section 7.4— Section 6.1 FiV\g r;;dg]\lése
Butte - see sect. 7.4.1 below) s
W>Sta Hourlys -
MRGCD | o a1 AWARDS Daily Weather
Figs. 21 and 22 ion 8. —Sect. 6 Products Sect. 6.2 Statllzpn 7Da(a
ig.
Stream Flow Data ) ) ET Charts
Figs. 54 through 63 [<——Section 18 Section 6.3

Grid Cell
Summary
Table
Fig. 10

ET Toolbox,
Reach, and
Division
Summary Tables
Fig. 14

[ Plotoflast18and3

forecast days - Total

Fig. 15

Consumptive Use, /
Agricultural, ET Toolbox, ﬁ?ﬁr\ﬂxﬁ .Ll_J:
Riparian, Open Water, Reach, and Day Runni
and Urban - also Rain  [€—Sect. 7.42.1 Division Sect. 7.4.2.3 :3\/, er:g;”g
(ETR-Ie—zgng\t;)Xéq'?jwer Summary Plots (MRGCD Divisions
gEl only)
MRGCD Divisions) Fig. 17

Division

Division
Summary
Products
Menu
Figs. 12 and

Daily ET Rate
Tables
Fig. 18

Plot of last 18 and 3
forecast days - Total

§
U

Plot of last 18 and 3 forecast days - Total Consumptive
Use with Five and Ten Day Running Averages - aso
Stream Gage (ET Toolbox and River Reaches only)

Fig. 16

AWARDS and ET Toolbox Website Flow Chart (Continued from previous page).
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4.1 AWARDS Overview

In late FY1997, Reclamation’s Albuquerque Area Office became aware of a newly devel-
oped AWARDS system for the Lugert-Altus Irrigation district in southwest Oklahoma.
The AWARDS system is an automated information system on the Internet designed
to assist water managers and users by providing easy access to rainfall and crop wa-
ter use estimates. AWARDS uses rainfall estimates based on data from the NEXRAD
(NEXt generation weather surveillance RADar) radar systems and remote automated
weather stations. The Albuquerque Area Office requested that the AWARDS system be
implemented in the Rio Grande, primarily as the foundation for the development of the
desired ET Toolbox.

The primary purpose of the AWARDS system is to improve the efficiency of water
management and irrigation scheduling by proving guidance on when and where to de-
liver water, and how much to apply. The resulting ET charts from AWARDS provide
this guidance. AWARDS systems that have been implemented east of the Continen-
tal Divide use the NEXRAD Hydroview Multisensor Precipitation Estimation System
(MPE) program (radar and gage) hourly product produced by the National Weather
Service’s (NWS) River Forecast Centers (RFCs) on a 4 km grid scale. (Those west of
the Divide use the NEXRAD Level II produced by the National Climate Data Center.
Reclamation’s Precipitation Accumulation Algorithm is applied to the Level II data to
derive the precipitation estimates on a 2 km grid scale.)

The MPE products use the NWS Hydrologic Rainfall Analysis Project (HRAP) 4
km x 4 km resolution grid. Every hour, the MPE data files are automatically collected
into the AWARDS/ET Toolbox computer via file transfer protocol (FTP) from the
RFCs. These hourly data are then accumulated into daily summations. NWS 24-hour
Quantitative Precipitation Forecasts (QPF) are also automatically collected from the
RFCs. The National Centers for Environmental Precipitation (NCEP) Eta model data
are used for a three-day ET forecast.

Automated weather stations in AWARDS system areas transmit surface weather
data via radio signal, phone, or satellite to local computer systems. The daily data
are then automatically collected from the local computer systems, via FTP, into the
AWARDS/ET Toolbox computer.

Lastly, the Modified-Penman method is used to calculate reference ET for each
weather station. Weather data used for calculating reference ET are the maximum
and minimum temperatures, average relative humidity, average wind speed, and solar
radiation for the previous 24-hour Mountain Standard Time (MST) day.

Coefficients are applied to the reference ET to provide water use estimates for crops,
riparian, and open water. These estimates, QPF, ET forecasts, and effective rainfall are
integrated into the images via pop-up charts.

Reservoir operators, water managers, and on-farm water users access the AWARDS
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system products via the Internet to make their operational decisions.

An AWARDS system brochure is available at: (Agricultural WAter Resources Deci-
sion Support (AWARDS))).

The address is: http://www.usbr.gov/pmts/rivers/awards/awards.html

In summary, these are the inputs and outputs of the AWARDS system:

Inputs
1) Hourly NEXRAD precipitation estimates
2) Daily weather station data
) Static GIS base images
) Eta 3-Day forecast weather data
)

3
4
5) Daily QPF

Outputs

1) Hourly and daily NEXRAD rainfall images

2) Pop-up daily weather station data

3) Reference ET by weather station

4) Crop and riparian ET by weather station

5) Open water evaporation by weather station

6) ET charts containing past ET, forecast ET, QPF, and effective rainfall

Refer to AWARDS Products (section [6)) for more information on the operation of
the AWARDS system.

4.2 ET Toolbox Overview

The AWARDS/ET Toolbox computer first operates on the AWARDS system require-
ments, generating rainfall images and ET charts. It then expands these requirements
into the finer resolution ET products to provide detailed water use estimates for the
HRAP cells and river reaches and diversions.

The ET Toolbox is an extension of the AWARDS system. The reference ET, crop
and riparian ET, and open water evaporation, are input from the AWARDS system. It
also uses the following components that are not applied in the AWARDS system:

1) GIS land use
2) Hourly weather station data (from Middle Rio Grande Conservancy District only)
3) Real-time stream flow data

Note that the effective rainfall component that is tabulated in the AWARDS ET
charts is not used in the ET Toolbox. Future use depends upon accessing additional
data sources and research.

GIS land use is added to specify crop, riparian, and open water acreage within each
HRAP grid cell (resolution about 4 km x 4 km) along the Middle Rio Grande. Several
GIS vegetation data sets that cover portions of the area were evaluated. The Middle Rio
Grande Land Use Trend Analysis GIS Data Base for 1992/93 and aerial photography


http://www.usbr.gov/pmts/rivers/awards/awards.html
http://www.usbr.gov/pmts/rivers/awards/awards.html
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taken during a June 1999 ET field study are the current land use resources. Parts of
an Ikonos satellite 4-meter multi-spectral resolution land use data set from July 2000
are also used. All of the vegetation data sets are transposed to the HRAP grid cell
resolution. GIS methodologies are then used to compare these data sets to determine
changes in the vegetation and water depletion over time. The most recent and accurate
data sets that cover the areas of interest are chosen for the ET Toolbox. A single land
use data set is then assigned to each reach and diversion, thereby providing a means to
summarize ET into specific groupings.

Grid cells are assigned to near-by weather stations, and then either a single weather
station, or multiple weather stations, are assigned to to each reach and diversion. Grid
cells can easily be reassigned whenever new weather stations are installed, land use data
sets become available, or groupings are added or modified.

The primary purpose of this effort is to estimate daily rainfall and water depletions
for each HRAP grid cell and the specified river reaches and diversions. These daily ET
estimates and summary year-to-date cumulative ET estimates are available to users and
water managers via the Internet. The daily cumulative river reach ET estimates are
provided to the URGWOM by RiverWare, using a Data Storage System developed by
the U.S. Army Corps of Engineers Hydrologic Engineering Center.

The products include real-time access to weather station and stream gage data pro-
vided by the Middle Rio Grande Conservancy District (MRGCD), radar rainfall esti-
mates, and links to United States Geological Survey (USGS) stream gage data. The
AWARDS/ET Toolbox system also receives daily weather data from the New Mexico
Climate Center at New Mexico State University (NMSU) for calculating ET and Internet
posting. Graphical plots of 5-day and 10-day running averages of daily E'T are available
to help detect water requirement trends. Other plots include total daily agricultural,
riparian, and urban ET, and open water evaporation.

Weather forecasting for the purposes of predicting ET for today and the next two
days, and for substituting data for non-reporting weather stations, is accomplished by
using the National Centers for Environmental Prediction (NCEP) Eta model weather
forecast parameters.

In summary, these are the inputs and outputs of the ET Toolbox system:
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Inputs

1) Hourly NEXRAD precipitation estimates
2) Hourly weather station data

3) Daily weather station data

4) Static GIS base images

5) Static GIS land use

6) Eta 3-day weather forecast data

7) Real-time stream flow data

Outputs

1) Hourly and daily NEXRAD rainfall images

2) Pop-up hourly and daily weather station data

3) Pop-up cell by cell, reach, diversion, and basin ET
4) Pop-up daily ET rates

5) Pop-up stream flow data

6) Situation Analysis Matrixes

Refer to ET Toolbox Products (section (7)) for more information on the operation of the
ET Toolbox.
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5 Accessing the AWARDS and ET Toolbox

Access to the AWARDS/ET Toolbox home page is via the Internet at:
http://www.usbr.gov/pmts/rivers/awards/. (figure [1||W)).

This page is titled ”AWARDS NEXRAD ET TOOLBOX”, which shows a map of
the AWARDS and ET Toolbox project areas.

Clicking on the Middle Rio Grande provides the "NEXRAD Rainfall, Weather Sta-
tion, and ET Products for the Rio Grande Basin in New Mexico” menu of available prod-
ucts, important links to National Oceanic and Atmospheric Administration (NOAA),
archived precipitation products, and other related links. Henceforth, this menu will be
called the New Mexico menu (figure [2[ W).

The website has evolved over the years based on the needs and special interests
of various users. Therefore, navigating the website may seem rather daunting for the
first-time visitor. However, with a little practice the user will learn which pages of
information are of interest, and will devise methods, such as bookmarks, to get there
with little effort.

5.1 Colored Topography and No-Topography Options

There are two primary options available to the user from the New Mexico menu (figure

These options are Colored Topography and No Topography. Clicking on the colored
topography option pops-up an inter-active AWARDS/ET Toolbox window (figure (3| W)
showing the division windows outlined in black over the topography along the Middle
Rio Grande. A colored elevation scale is provided.

Clicking on the no-topography option pops-up an inter-active AWARDS /ET Toolbox
window (figure 4| W) showing the division windows outlined in white.

Subsequent windows will maintain the selected version until the version is changed.
Each window in both versions generally contains lands that receive water from a diver-
sion dam usually located at the northern most edge of the window. Exceptions are when
multiple windows are needed for clarity, or when diversions are not defined. The color
scale at the bottom of these inter-active AWARDS/ET Toolbox windows, and subse-
quent windows, represents the 24-hour rainfall intensities that are mapped into each of
the 4 km x 4 km HRAP grid cells.

The ET Toolbox products are generally available by clicking in the small square
boxes found throughout the various pop-up windows. Refer to ET Toolbox Products
(section [7).

For the AWARDS system ET charts, do not click in these boxes. For these areas,
refer to AWARDS Products (section [6)).


http://www.usbr.gov/pmts/rivers/awards/index.html
http://www.usbr.gov/pmts/rivers/awards/Nm/riogrande.html
http://www.usbr.gov/pmts/rivers/awards/Nm/riogrande.html
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/rgindex.ettool.html
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/rgindexnt.ettool.html
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5.2 Windows and Options Access

Within each window there are small rectangular boxes containing pink lettering. These
allow the user to move between windows, go to the AWARDS/ET Toolbox home page,
go to the New Mexico home page (menu), go to an all window version, go to the parent
window, turn on/off the topography, turn on/off the ET Toolbox vs AWARDS, etc.
These options allow quicker movement around the website.



6 AWARDS PRODUCTS 14

6 AWARDS Products

The purpose of the AWARDS system is to provide generalized ET information for im-
proving water use efficiency. The resulting rainfall estimate images and ET charts were
developed to achieve this goal. Refer to the AWARDS/ET Toolbox Calculations (section
for information on the calculation of ET as used in the AWARDS system.

Access to the AWARDS products is from the New Mexico menu (figure 2 W) where
the user should first choose from either the colored topography or no topography options.

The resulting image (figure[3JW)), colored option in this example, shows the NEXRAD
rainfall estimates throughout the Rio Grande. Each rainfall pixel is on the 4 km scale.
The 4 km rainfall is represented by the color intensity scale at the bottom of the image.
These are daily (midnight-midnight) summations of hourly rain. Refer to NEXRAD
Precipitation Estimates (section for more information.

This image will henceforth be called the inter-active AWARDS/ET Toolbox image.

The user will first notice the large diversion windows on the image. They are outlined
in black for the colored topography version, and white for the no-topography option.
For comparison purposes, following is the inter-active AWARDS/ET Toolbox image is
a result of the no topography option (figure 4| W).

Do not click into the small square boxes. These are reserved for the ET Toolbox
products that are discussed in section [7]

6.1 Division Windows - AWARDS

Clicking within a window in the inter-active AWARDS/ET Toolbox image allows access
to the AWARDS products. This is an example image for the MRGCD Albuquerque
Division (Angostura Diversion) (figure [5| W). The values printed on each cell, when
there is rain, are the daily NEXRAD rainfall estimates, the same as shown on the the
inter-active AWARDS/ET Toolbox image. Another example is the no topography image
for the MRGCD Belen North Division (Diversion) (figure [6] W).

6.2 Daily Weather Station Data

Daily weather station data are available by clicking on the yellow, green, or blue plus
signs (+) shown in many of the windows. Following is an an example showing the
daily data at the Candelaria Farms weather station. (figure [7||W)) Refer to Automated
Weather Station Data (section for more information.

6.3 ET Charts

ET charts are available by clicking into the HRAP cells to pop-up a generalized ET
chart showing the ET for all crops, riparian vegetation, and open water that may be


http://www.usbr.gov/pmts/rivers/awards/Nm/riogrande.html
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/rgindex.ettool.html
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/rgindexnt.ettool.html
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/gabq/index.html
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/belenN/BelenN.gif
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/gabq/CFMN.txt
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in the area. This example is for the Belen South area served by the Jarales weather
station. (figure |8 W)).

No acreages or rainfall values are used in these calculations. The heading at the top
of each chart shows the name of the weather station data that were used to calculate the
daily crop water use for the past four days, using the Modified-Penman Reference ET
Equation. Refer to Penman Reference ET Calculation (section for more information.

ET for three forecast days, starting with today, are provided as calculated from the
Eta data. Refer to Weather Forecasting (section [J)) for more information.

The sum of ET to-date and the sum for the last seven and 14 days is shown. Each
weather station is assigned to an array of HRAP cells, therefore the ET portion of the
charts may be identical for nearby cells. The start (plant) and terminate (harvest) dates
are also given. An example date value of 101 represents January 1. The value 1020
represents October 20.

Near the bottom of each chart is a posting of the NEXRAD rainfall estimates for the
HRAP cell. Since the NEXRAD data are collected via FTP from the West Gulf River
Forecast Center (WGRFC) on an hourly bases, the number of actual hours received are
noted, generally 24. The total rain and calculated effective rain are provided. Refer to
Effective Rainfall Estimates (section for more information.

The column headed QPF is the Quantitative Precipitation Estimate that is collected
via FTP from the WGRFC eight times per day. Refer to Weather Forecasting (section
E[) for more information.

The NEXRAD monthly total rain (since the beginning of the current year) and the
HRAP cell number are also provided.


http://www.usbr.gov/pmts/rivers/awards/Nm/rg/BelenS/BELS.JRLN.100.288.txt
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7 ET Toolbox Products

For operational and management purposes, the ET Toolbox provides products for both
river reaches and MRGCD divisions (the MRGCD divisions are usually defined at the
water diversion points). This versatility allows operation and management entities access
to various consumptive use breakouts depending upon their requests and needs. Refer to
the AWARDS/ET Toolbox Calculations (section for information on the calculation
of ET as used in the ET Toolbox system.

Access to the ET Toolbox products is from the New Mexico menu (figure [2[ W)
where the user should first choose from either the colored topography or no topography
options.

The resulting image (ﬁgureW), colored option in this example, shows the NEXRAD
rainfall estimates throughout the Rio Grande. Each rainfall pixel is on the 4 km scale.
The 4 km rainfall is represented by the color intensity scale at the bottom of the image.
These are daily (midnight-midnight) summations of hourly rain. Refer to NEXRAD
Precipitation Estimates (section for more information.

This image will henceforth be called the inter-active AWARDS/ET Toolbox image.

The user will first notice the large diversion windows on the image. They are outlined
in black for the colored topography version, and white for the no-topography option.
For comparison purposes, following is the inter-active AWARDS/ET Toolbox image is
a result of the no topography option (figure 4| W).

7.1 Division Windows - ET Toolbox

Clicking in the small white square box attached to the left side of the windows in the
inter-active AWARDS/ET Toolbox image (figure |3| W) allows access to the ET Toolbox
products. Note that clicking inside a division window allows access to the AWARDS
products discussed in section [6]

An example ET Toolbox image for the MRGCD Albuquerque Division (Angostura
diversion) (figure [9] W) shows the green line river reach delineations between reaches 2,
3, and 4. The values printed on each cell are daily URGWOM water use in acre-feet for
that cell, after adjustments for NEXRAD estimated rainfall.

7.2 Grid Cell Summary Tables

Clicking on a box in the lower-left corner of an HRAP grid cell (figure |§] W), defined
by the black dashed lines, will pop up a grid cell summary table. (figure [10| W)). This
example is for cell number 103x305 in the Albuquerque Division.

The classification source and weather station used for determining the consumptive
use are noted. The table shows, for each day, the total consumptive use in cubic feet


http://www.usbr.gov/pmts/rivers/awards/Nm/riogrande.html
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/rgindex.ettool.html
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/rgindexnt.ettool.html
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/rgindex.ettool.html
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/gabq/index.ettool.html
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/gabq/index.ettool.html
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/gabq/GABQ.etsum.103.305.txt
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per second (cfs) with a breakdown for each type (agricultural, riparian, open water, and
urban). The daily rain is the NEXRAD rainfall estimate. The daily URGWOM water
use is the consumptive use minus the NEXRAD rain. Five and 10 day running averages
of the water use are also provided. In the far right column is the total URGWOM water
use to-date in acre-feet since January 1. The forecast method (FM) column next to
the date signifies the method used to calculate the consumptive use for three forecast
days, starting with today. An E indicates the 12-km grid Eta model weather forecast
parameters were used, including Eta model forecast rainfall. In rare cases when the Eta
model data were not available, an A indicates that an average of the last three days were
used. In this case, the forecast rainfall will be zero. At the bottom of the cell summary
is a tabulation of the acres of each type. The fallow and idle types are not included in
the consumptive use calculations, but are noted here for information only.

7.3 Grid Cell Detail Tables

Clicking within a grid cell (figure |§] W) will pop up a cell detail table showing the acres
of each crop, riparian, open water, and urban species in the cell as defined by the GIS
data set. This example is also for cell number 103x305 in the Albuquerque Division
(figure [L1| W)).

The table includes the consumptive use for the last seven days and the next three
forecast days, and the totals by type, such as agricultural crops. Today is considered
the first of the forecast days. Near the bottom of the table are the daily NEXRAD
rainfall estimates for the cell. The URGWOM water use is the consumptive use minus
the NEXRAD rain. All quantities are in acre-feet. Those in parentheses are in cfs.

7.4 ET Toolbox, Reach, and Division Summary Products Menus

The ET Toolbox Summary is accessible from the square box at the upper left corner of
the inter-active AWARDS/ET Toolbox image (figure |3] W). The menu that pops-up is
titled ”ET Summary Products To-Date from Cochiti Gage to Elephant Butte Reservoir”.
This menu provides information similar to that described below for reaches, except there
no daily ET rates. It also has some historic discharge tables and plots.

Reach and MRGCD division summary products, including tables and plots, are
available by clicking in the appropriate boxes from this example, which is the MRGCD
Albuquerque Division (Angostura diversion) (figure [0] W). As an example, clicking in
the "River Reach 3 Summary” box from the MRGCD Albuquerque Division image will
pop-up this ET Summary Products (To-Date) menu (figure[12]W). The options available
are tables, two types of plots, and for river reaches, daily ET rates by vegetative type.
These are explained in the following six sub-sections.

Had the user clicked on the ” Albuquerque Division Window Summary” box from the


http://www.usbr.gov/pmts/rivers/awards/Nm/rg/gabq/index.ettool.html
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/gabq/GABQ.etcrop.103.305.txt
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/rgindex.ettool.html
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/gabq/index.ettool.html
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/reaches/rea3etmenu.html
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MRGCD Albuquerque Division image, a very similar menu would appear, but it would
not contain daily ET rates. These rates were requested for the river reaches only. For
comparison, following is an example of an ET Summary Products (To-date) menu for
the Albuquerque Division (figure [13|W)).

7.4.1 ET Toolbox, Reach, and Division Summary Tables

The details of the reach and division table data are the same as the grid cell summary
tables explained above (section except a number of weather stations and Eta model
cells have been used for the calculations. Clicking on ”Table” from the ET Summary
Products (To-Date) menu (figure [12{ W) provides the following table data for river reach
3 (figure [14] W).

Included in these summary tables are the daily flow differences, with five and 10 day
running averages, as reported from real-time gage station data. Refer to Stream Flow
Data for gage information (section .

Following is a listing of the stream flow gages used to calculate the daily flow differ-
ences in the ET Toolbox Summary and reaches 1, 3, 4, 5, and 6 summaries. This is not
done in reach 2. The daily flows are an average of all the readings (usually at 30-minute
intervals) acquired throughout the day.

ET Toolbox Cross section at Cochiti Dam minus cross section at San Marcial
River Reach 1  Cross section at Cochiti Dam minus cross section at San Felipe
River Reach 3  Cross section at San Felipe minus cross section at Central Avenue
River Reach 4 Cross section at Central Avenue minus cross section at Bernardo
River Reach 5 Cross section at Bernardo minus cross section at San Acacia
River Reach 6 Cross section at San Acacia minus cross section at San Marcial

7.4.2 ET Toolbox, Reach, and Division Summary Plots

There are also two plots available from the ET Summary Products (To-Date) menu
(figure [12] W). Note that the first plot is available from both the reach and division ET
Products menu. The second plot is different depending upon whether it was accessed
from a reach menu or a division menu.

7.4.2.1 Plot of last 18 and 3 forecast days - Total Consumptive Use, Agri-
cultural, Riparian, Open Water, and Urban - also Rain (ET Toolbox, River
Reaches, and MRGCD Divisions) The first plot (figure [15| W) contains a chart
(in cfs) of the total daily consumptive use, affected by rain, and traces for each type,
unaffected by rain. This is an example of river reach 3. The other river reaches, and the
divisions, are similar. A bar chart of the NEXRAD rainfall estimate (in cfs) is also in-
cluded. These data are plotted for the past 18 days, plus the three forecast days (dashed


http://www.usbr.gov/pmts/rivers/awards/Nm/rg/gabq/gabqetmenu.html
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/reaches/rea3etmenu.html
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/reaches/REA3.etsum.txt
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/reaches/rea3etmenu.html
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/reaches/REA3total.png
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traces), starting with today. A break in a trace indicates there were no data available
for that period of time.

7.4.2.2 Plot of last 18 and 3 forecast days - Total Consumptive Use with
Five and Ten-Day Running Averages - also Stream Gage (ET Toolbox and
River Reachs only) The second plot for river reaches contains a chart (in cfs) of the
total daily consumptive use, affected by rain, and traces of the five and 10 day running
averages of the total (figure W). Also included are similar running average traces
of the actual stream flow data from real-time gage stations, an attribute requested by
Reclamation personnel.

7.4.2.3 Plot of last 18 and 3 forecast days - Total Consumptive Use with
Five and Ten-Day Running Averages - (MRGCD Divisions only) The second
plot for MRGCD divisions contains a chart (in cfs) of the total daily consumptive use,
affected by rain, and traces of the five and 10 day running averages of the total (ﬁgure
W)). The stream flow traces are not included in the MRGCD division plots, since stream
gage data are only compared to river reach depletions, as requested by Reclamation
personnel.

7.4.3 Daily ET Rate Table

Another system of tables is available from the ET Summary Products menu for each of
the reaches (figure [12| W)). These are the daily ET rates. They are not available from
the ET Summary Products (To-Date) menu for the divisions. These contain the daily
ET rates for each species within each type for the reach, with a notation of the acres
and source of the classification. Clicking on a species, such as Alfalfa, pops-up the table
containing detailed information about the parameters used to calculate ET (figure
W)). These include the acres, planting and termination dates (start and stop dates),
reference ET, coefficient, ET, total water use, NEXRAD rain, and URGWOM water
use, for each day from the planting date through yesterday. These are the data that are
accumulated for the ET Toolbox, reach, and division tables.

7.5 Situation Analysis Matrix

The Situation Analysis Matrix is available from the New Mexico menu (figure [2| W)).
There are two matrixes that show the past, current (today), and predicted (future)
status of the stream flow, rainfall, and consumptive use. These matrixes are With
Present Hourly Rain (figure [19| W) and With Present Division Rain (figure 20|W). The
area of consideration is from the Otowi gage to the San Marcial gage. The period for
the past is eight days, and the predicted is three days as determined by the Eta forecast


http://www.usbr.gov/pmts/rivers/awards/Nm/rg/reaches/REA3runa.png
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/reaches/GABQruna.png
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/reaches/rea3etmenu.html
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/reaches/rea3dailyet/REA3.Alfalfa.txt
http://www.usbr.gov/pmts/rivers/awards/Nm/riogrande.html
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/status/SAavgrain.png
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/status/SAdivrain.png
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period. The past rainfall is the summation of NEXRAD over all the HRAP grid cells for
the area. The daily consumptive use is the total of agricultural, riparian, open water,
and urban for the area. All units are in cfs, except the current (today) rainfall is in
inches.

7.5.1 With Present Hourly Rain

The current (today) rainfall, as reported on the With Present Hourly Rain Matrix, is
a average of all the reporting MRGCD hourly weather station rainfall quantities since
midnight (figure W). Refer to section for a listing of the MRGCD weather
stations.

7.5.2 With Present Division Rain

The current (today) rainfall, as reported on the With Present Division Rain Matrix,
(figure [20| W) is a average of the weather stations located in each division:

Division ID Averaged Weather Stations
Cochiti COC Pena Blanca and Angostura
Albuquerque ABQ Angostura and Candelaria Farms
Belen BEL  Jarales and Boy’s Ranch

Socorro SOC  San Acacia and Luis Lopez

The Present Division Rain matrix displays a color coded stacked bar when there is
rain for each hour in each division.

Currently there are no data available for predicting stream flow at the Otowi and
San Marcial gages. The matrixes will be completed when these become available.

7.5.3 Daily Archived Images

Archived matrixes are also available from the New Mexico menu (figure [2 W). Click
on Daily Archived Images under the Situation Analysis Matrix heading. The files in
the directory are named SAdivrain for present division rain, and SAavgrain for present
hourly rain. Each is followed by yymmda0Ol.png.


http://www.usbr.gov/pmts/rivers/awards/Nm/rg/status/SAavgrain.png
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/status/SAdivrain.png
http://www.usbr.gov/pmts/rivers/awards/Nm/riogrande.html
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8 Automated Weather Station Data

Weather data from five sources are used, or presented, within the AWARDS and ET
Toolbox products. They are:

Middle Rio Grande Conservancy District (MRGCD)

New Mexico Climate Center (NMCC)

University of New Mexico Sevilleta Long-Term Ecological Research (LTER) Network
Colorado State University Agricultural and Meteorological Network (COAGMET)
Automated Surface Observing System (ASOS)

Example of automated weather station used in the MRGCD network.

8.1 Middle Rio Grande Conservancy District

MRGCD weather station network presently consists of 8 sites; additional weather sta-
tions are expected to be added in the near future.

Hourly data are automatically received from this network via File Transfer Protocol
(FTP) at 12 minutes past each hour. Clicking on WX Hourlys from the The inter-active
AWARDS/ET Toolbox image (figure [4| W) pops-up an image showing the location of
the MRGCD weather station network (figure 21| W)). Clicking on the plus (+) signs
pops-up the hourly weather data for the last 24-hours (figure 22| W)). This is an exam-
ple of the MRGCD Candelaria farms station. These hourly data are converted to the
Standard Hydrometeorological Exchange Format (SHEF) shortly after they are received,


http://www.usbr.gov/pmts/rivers/awards/Nm/rg/rgindexnt.ettool.html
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/RioG/indexhour.html
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/RioG/CFMN503.hrs.txt

8§ AUTOMATED WEATHER STATION DATA 22

and provided, via FTP, to the West Gulf River Forecast Center. Refer to NEXRAD
Precipitation Estimates (section for more information.

The 24-hr summaries that are used in estimating ET are received around 1:12 AM
MST from the MRGCD. These sites are shown in yellow, preceded by a + sign, on the
inter-active AWARDS/ET Toolbox image, and sub-images, on the Internet (figure [4/W).
The 24-hr gage precipitation accumulations are shown on the image at the locations.
The site ID’s are shown if accumulations are not available. The plus (+) signs locate
the stations by latitude and longitude. Clicking on a + sign pops-up a table containing
the station name, elevation, and location (figure [7| W)). Data for the past seven days is
shown in the upper part of the table consisting of maximum and minimum temperatures,
average wind speed, relative humidity, rain, and solar radiation as measured by the
station’s sensors. The rain gage monthly totals since the beginning of the year are also
tabulated. The bottom part of the table contains all of the data for each day since
January 1st with the latest day first. Included in this listing is the calculated Modified-
Penman Reference ET. Refer to Penman Reference ET Calculation (section for
more information.

If station data are unavailable for a day, alternate weather data from the Eta weather
forecast model from the previous day are used. Refer to Weather Forecasting (section
@ for more information. An alternate data key provides information on data that may
have been substituted. Example: In the Alternate Weather Data column etal TS means
the Eta model 1st forecast day temperatures and solar radiation were used. In cases
when the Eta model data are also unavailable, data from a nearby weather station are
used, with the 1st 4 character station ID posted under Alternate Weather Data. If that
weather station is also unavailable, a second alternate station is used.

The operational MRGCD weather stations are (from north to south), with the al-
ternate station names:

Site Name 1D 1st Alternate 2nd Alternate 3rd Alternate
Pena Blanca PBLN etal2.262.170 ANGN

Angostura ANGN etal2.261.168 PBLN CFMN
Candelaria Farms CFMN etal2.259.166 ANGN LOSL
Jarales JRLN  etal2.258.161 LOSL BOYN

Boys Ranch BOYN etal2.258.160 JRLN IHFN

San Acacia IHFN etal2.257.158 BOYN LLZN

Luis Lopez LLZN  etal2.257.155 BANN THFN

North Bosque BANN etal2.257.155 LLZN IHFN

Note in the above table that the Eta model 12 km cell is always the 1st alternate.
The x-y cell identification, like 262.170, is a locater in the 12 km grid.


http://www.usbr.gov/pmts/rivers/awards/Nm/rg/rgindex.ettool.html
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/gabq/CFMN.txt
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8.2 New Mexico Climate Center

In addition to the MRGCD network, previous day’s meteorological data for ET estima-
tion are also obtained via FTP from the New Mexico Climate Center (NMCC)| at New
Mexico State University. The 24-hr data are received at 4:30 AM and again at 10:30 AM
MST to get missing data. The 24-hr precipitation accumulations from these stations (or
site IDs if data are missing) are shown in green, preceded by a + sign, on the inter-active
AWARDS/ET Toolbox image, and sub-images, on the Internet (figure [4| W). The same
table details, and rules for alternate weather data, apply as described above in section
R1] for MRGCD data.

The NMCC network weather stations are (from north to south), with the alternate
station names:

Site Name D Ownership 1st Alternate 2nd Alternate
Alcalde Agricultural Science Center ALCA NMCC etal2.265.175 PBLN
Albuquerque Golf ABQG NMCC etal2.259.166 CFMN
Albuquerque Airport AIRP NMCC etal2.260.165 CFMN
Los Lunas Agricultural Science Center LOSL NMCC etal2.259.163 JRLN
South Bosque SBOS MRGCD etal2.257.154 BANN
Elephant Butte ELFB USBR etal2.252.148 SBOS
Derry Station DERR NMCC etal2.253.145 JORN
Jornada Range JORN LTER etal2.256.142 NMSU
NMSU Golf Course NMSU NMCC etal2.256.140 NWS
Las Cruces National Weather Service NWS NWS etal2.256.140 HORT
Horticultural Experimental Station HORT NMCC etal2.256.140 NMSU
Leyendecker Plant Science Research Center LASC  NMCC etal2.255.139 HORT
La Union Station LAUN NMCC etal2.257.137 LASC

8.3 Long-Term Ecological Research

University of New Mexico Long-Term Ecological Research (LTER) Network data are
received via FTP at 6:15 AM and again at 10:15 AM MST to get missing data. The
24-hr precipitation accumulations from these stations (or site IDs if data are missing) are
shown in blue, preceded by a + sign, on the inter-active AWARDS/ET Toolbox image,
and sub-images, on the Internet (figure 4| W). Data from the LTER meteorological
stations are not used for the calculation of ET, because the sites generally lie outside
the irrigated crop, open water, and the riparian zones. The same table details apply as
detailed above in section [8.1for MRGCD data. However, alternate weather data are not
substituted for missing data. Available hourly data are also collected and stored at the
above times but are not used or displayed in the AWARDS and ET Toolbox products.
LETR sites (from north to south) are:

3rd Alternate

AIRP
ABQG
BOYN
LLZN
DERR
ELFB
HORT
HORT
NMSU
NWS
NWS
NWS


http://weather.nmsu.edu
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/rgindex.ettool.html
http://sevilleta.unm.edu
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/rgindex.ettool.html
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Site Name 1D
Bronco Well 45
Red Tank 43
Cerro Montoso Well 42
Deep Well 40
LTER Field Station 01
Rio Salado 44
South Gate Well 41
Blue Springs 48
Five Points 49

8.4 Colorado State University Agricultural and Meteorological
Network

Colorado State University Agricultural and Meteorological Network (COAGMET) data
are received via F'TP at 6:18 AM and again at 10:18 AM MST to get missing data. The
24-hour precipitation accumulations from these stations (or site IDs if data are missing)
are shown in blue, preceded by a + sign, on the Upper Rio Grande image accessed
from the AWARDS/ET Toolbox home page (figure |1/ (W). Data from the COAGMET
meteorological stations are not used for the calculation of ET at this time. Expansion
of the ET Toolbox into the Upper Rio Grande may occur in the future.
COAGMET sites (from north to south) are:

Site Name 1D

Center, CO CSU San Luis Valley Res Ctr
Blanca, CO 8 mi SW of Blanca
San Luis, CO 2 mi N of Mesita

8.5 Automated Surface Observing System

The AWARDS/ET Toolbox system also collects precipitation data from the federal
Automated Surface Observing System (ASOS). The 24-hr precipitation accumulations
from these stations (or site IDs if data are missing) are shown by pink, preceded by a
square, on the inter-active AWARDS /ET Toolbox image and sub-images on the Internet
(figure 4| W). An example station name identifier is KGNT. Data from the ASOS sites
are not used for the calculation of ET, because these weather stations do not have solar
radiation sensors. There are no pop-up data associated with these stations since only
precipitation is reported.
ASOS sites (from north to south) are:


http://ccc.atmos.colostate.edu/~coagmet
http://www.usbr.gov/pmts/rivers/awards
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/rgindexnt.ettool.html
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Site Name

Santa Fe NM airport

Grants-Milan NM airport
Albuquerque NM airport

Truth Or Consequences NM airport
Holloman AFB NM

El Paso Tx airport

D
KSAF
KGNT
KABQ
KTCS
KHMN
KELP

25
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9 Weather Forecasting
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Example Weather Forecast Map.

9.1 Eta Model

The National Centers for Environmental Prediction (NCEP) Eta model weather fore-
cast parameters at 12-km grid resolution are used for the AWARDS and ET Toolbox
ET forecasts for today and the next two days. The Eta model 0600 Universal Time
Coordinated (UTC) (11:00 PM MST) run’s 3-hr forecasts for temperature, relative hu-
midity, and wind speed, plus the forecast cumulative solar radiation and precipitation
for 0600-0600 UTC are used. From the 3-hr forecast values, the computer selects the
maximum and minimum temperatures, and calculates the average relative humidity and
wind speed. The Eta model-based 24-hr ET forecasts from the previous day are also
used when weather station data are unavailable.

The Eta data are collected at 10:00 PM, midnight, and 2:00 AM via FTP. The three
attempts are made to assure that missing data are received. These data are acquired
for all of the United States west of the Mississippi River, and then clipped for the areas
of interest.

An example of the 12-km NCEP grid (Eta cell) for the Middle Rio Grande is shown
in figure The x,y numbering system (in red) is used to identify the 12-km grid cells.
Each weather station is cross referenced to an Eta cell. In this more detailed example
(figure of the Belen North window with topography background, the Los Lunas


http://www.ncep.noaa.gov
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(LOSL) weather station is in Eta cell 258,163. However, this is a special case example
where Los Lunas is re-assigned to Eta cell 259,163 which has a lower more representative
elevation and agricultural /riparian presence. All weather and ET forecasting for the Los
Lunas station, and forecast from the previous day if the station data are unavailable for
today, are provided by the data from Eta cell 259,163. The Jarales (JRLN) station
remains in Eta cell 258,161.

9.2 Quantitative Precipitation Forecasts (QPF)

The NWS 24-hr QPF’s are obtained via FTP from the WGRFC eight times a day, and
accumulated into a value that is posted onto the ET charts. These QPF values are used
nowhere else within the AWARDS/ET Toolbox system.
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10 NEXRAD Precipitation Estimates

Radar-based precipitation estimates are used in the AWARDS/ET Toolbox to offset
ET demands. Digital data files (in the xmrg format) containing an hourly radar pre-
cipitation product are derived from the NEXRAD Hydroview Multisensor Precipitation
Estimation System (MPE) program. These (radar and gage) hourly products are pro-
duced by the National Weather Service’s (NWS) River Forecast Centers (RFCs). For
New Mexico, these files are obtained via FTP from the West Gulf River Forecast Cen-
ter (WGRFC). For additional information, visit the WEB site for the WGRFC at:
http://www.srh.noaa.gov/wgrfc/ (W). This (figure 26| W) shows the overlapping radar
coverage for NM, TX, OK, and parts of CO and KS. The specific radars used in the
AWARDS/ET Toolbox for the Middle Rio Grande are:

KABX Albuquerque
KFDX Cannon AFB
KHDX Holloman AFB
KEPX El Paso, TX

The location of the Albuquerque radar (KABX) is noted on the west side of the
Albuquerque Division (Angostura diversion) (figure [9]W) image.

Hourly data from the MRGCD weather stations (section are provided to the
WGRFC in real-time for their use in developing the MPE product. Radar data ob-
tained from multiple NEXRAD weather surveillance radars that cover the WGRFC’s
area of responsibility (including the Rio Grande) are quality controlled, adjusted using
surface gage measurements, such as those from the MRGCD, and merged into the NWS
Hydrologic Rainfall Analysis Project (HRAP) approximate 4 km x 4 km grid.

The AWARDS/ET Toolbox accumulates the hourly MPE developed files (in the xmrg
format) into a 24-hr file covering the midnight-midnight MST period. The 24-hr rainfall
(average depth) for each HRAP grid cell located over the agricultural, riparian, open
water, and urban acreage along the Rio Grande is used in the water use calculations.
These precipitation estimates are represented by a color spectrum placed at the bottom
of each inter-active ET Toolbox window.

In an AWARDS sub-window, such as this MRGCD Belen North Division (Diversion)
AWARDS example (figure [6] W), the non-zero precipitation estimates are posted within
each HRAP cell.

These values are not placed into the ET Toolbox windows since they contain con-
sumptive use estimates.

The rainfall in an example ET Toolbox window, (figure 25| W), is represented only
by the color spectrum at the bottom of the image. This is an example of the rainfall,
represented by the light blue spectrum (.05 inches to .5 inches), on a colored topography
image.


http://www.srh.noaa.gov/wgrfc/
http://www.usbr.gov/pmts/rivers/awards/Nm/wg/TxNm/UT/0112.gif
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/gabq/index.ettool.html
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/belenN/BelenN.gif
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/belenS/BelenS.ettool.gif
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Example of radar-based precipitation estimates over the MRGCD area.
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11 Effective Rainfall Estimates

The effective precipitation process explained here is not currently used within the ET
Toolbox. It is tabulated and appended to the AWARDS ET charts (figure [8 W) for
reference only. It is not applied to the ET in the charts. Refer to AWARDS Products
(section [6)) for more information.

By definition, effective rainfall is that portion of rainfall that contributes to meeting
the ET requirement of a crop (ASAE, 1983). Rainfall that neither leaves as surface
runoff nor contributes to excess surface drainage may be effective precipitation in the
context of irrigation management. Soil types, terrain slope, and soil moisture are not
current components of the AWARDS system; therefore this simplified method apparently
developed by the Bureau of Reclamation is implemented. The published method bases
effective precipitation on increments of monthly rainfall. The AWARDS system uses
this monthly process to reduce daily total rainfall into daily effective precipitation (not
a scientifically proven assumption). The relationships used are:

Table 1: Effective Rain As A Percent Of Total Rain (r)

Total Rain (in) Effective Rain (%)

r<.5 100
05<r<1.0 95
1.0<r <20 90
20<r <20 85
3.0<r <20 75
4.0<r <20 %)
0.0<r <20 35
6.0 <r 5

When future research provides a better method, possibly by using soil types, terrain
slope, and remotely sensed soil moisture, then the above will be replaced and used within
the ET Toolbox product to more accurately estimate daily water use requirements.


http://www.usbr.gov/pmts/rivers/awards/Nm/rg/BelenS/BELS.JRLN.100.288.txt
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12 Penman Reference ET Calculation

The Modified-Penman Reference ET Equation written in Fortran (figure[27)) and most of
the crop and riparian coefficients that are used in the ET Toolbox were provided by Dr.
Salim Bawazir at the New Mexico State University (NMSU) on March 16, 2000. This
is the Penman calculation with evapotranspiration referenced to grass (Eto in inches),
as modified by Dr. Ted Sammis at New Mexico State University (1985). This equation
requires daily weather data consisting of maximum and minimum temperatures, relative
humidity, solar radiation, and wind.

Calculations of Reference ET by other methods, for comparison purposes only, are
also done within the AWARDS/ET Toolbox computer, with the results stored in internal
files. These methods are:

Penman-Monteith Combination
1982 Kimberly-Penman as used in Reclamation’s Agrimet Program
Modified-Penman referenced to grass, an earlier version (Sammis et al. (1985))

American Society of Civil Engineer’s (ASCE) Standardized Method based on the ASCE
Penman-Monteith Equation - will be in place Spring of 2004

= 0 N

ET
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13 AWARDS/ET Toolbox Calculations

13.1 Daily ET

Calculation of daily ET, as applied in the AWARDS system, and Daily Consumptive Use
(DCU), as applied in the ET Toolbox, is initially based upon derivation of the Reference
ET (Eto) and vegetative or open water coefficient (KC). The coefficient is dependent on
either the Growing Degree Days or the Month of the year.

As a general rule, no ET is calculated (it it set to zero) before the start date or after
the stop date.

A vegetation or open water coefficient (KC) is applied to the Eto to determine the
daily ET in inches using the formula:

Daily ET = (KC) (Daily Eto)

where Daily Eto is the Reference ET as calculated by the Penman equation. Refer to
Penman Reference ET Calculation (section . Graphs of coefficients are presented as
Growing Degree Days (GDD) or Months. Refer to Veg. and Open Water Coefficients
and Related Data (section [14).

13.2 Coefficient (KC)
13.2.1 Coefficient (KC) based on Month

Dr. Jensen (1998) performed a study on open water evaporation for the Lower Colorado
River. The monthly coefficients for open water in the Parker Dam to Imperial Dam
reach along the Lower Colorado are being used for the Middle Rio Grande. Improved
coefficients for open water and wet sands are forthcoming from on-going research studies
at Elephant Butte Reservoir. Refer to Open Water Evaporation Estimates (section .

Other monthly coefficients from Dr’s Jensen’s report are used for Marsh, Tree Fruit,
Misc. Fruit, Nursery Stock, and Melons.

If coefficients are based on Months, then the KC is interpolated from the curve
represented in the graph. For example, a coefficient for open water would be .87 on July

15 (figure [47)).

13.2.2 Coefficient (KC) based on Growing Degree Days

If the vegetation or open water coefficient is based on GDD’s, then the following is used
to find the Growing Degree Days.

The GDD’s are accumulated heat that will contribute to plant growth and develop-
ment from planting to harvest, or bud break to defoliation. The advantage of the GDD
method is that the coefficient is dependent on temperature, producing a lower coefficient
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in cooler weather and a higher coefficient in warmer weather. The calculated ET is then
effected as determined by the above formula (section [13.1]).

The average method was chosen in New Mexico (King, et al., 2000) for determination
of GDD using:

Daily GDD = ((daily maz temperature+daily min temperature)/2)—base temperature

In the above equation, The daily maximum (max) and minimum (min) temperatures
are replaced with cutoff temperatures when the cutoff temperatures are exceeded. An
example is Corn with a maximum cutoftf temperature of 30 degrees C, and a minimum
cutoff temperature of 10 degrees C. If the daily maximum temperature is 32 degrees C,
it is reset to the maximum cutoff temperature of 30 degrees C. If the daily minimum
temperature is 5 degrees C, it is reset to the minimum cutoff temperature of 10 degrees
C.

Refer to the figures in the Veg. and Open Water Coefficients and Related Data
(section for the cutoff and base temperatures. If they are not noted in the figures,
then they are not applied to the above equation.

A special case exists for riparian vegetation. If the daily maximum temperature
is less than the minimum cutoff temperature, then the daily maximum is set to the
minimum cutoff. An example is Salt Cedar, with a minimum cutoff of 15.5 degrees C.
If the daily maximum is 14 degrees C, it then is reset to 15.5 degrees.

Once the daily GDD is found, this value of GDD is added to the GDD summation
to-date. The summation is then applied to the polynominal function, as defined on the
graphs, to get the KC.

The daily GDD as calculated above is not allowed to be negative, in which case it
is set to zero, thereby rendering the summation of GDD to be static and the KC to be
static. The ET will continue to be calculated until the stop date is reached, at which
time the ET will be set to zero.

If the stop date is reached before the daily GDD is negative, the ET is set to zero at
the stop date.

A further improvement might be to set the ET to zero when the end of the GDD
curve is reached, such as 1700 for Corn.

Crop coefficients were taken from King et al. (2000) and Jensen (1998). The co-
efficients for Salt Cedar and Cottonwood (predominate riparian types) were received
from Dr. Salim Bawazir, NMSU (personal correspondence) as a result of extensive field
studies in 1999 at the Bosque Del Apache National Wildlife Refuge.

13.3 Daily ET Limits - Special Case

Limits are applied to daily ET calculated at the Luis Lopez weather station. These limits
are intended as a short term solution for adjusting high consumptive use in the Socorro,
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NM area due to clay soil types, requested by Jim Farmer of the Natural Resources
Conservation Center in Socorro. The values (figure are the maximum daily ET
in inches allowed at the Luis Lopez weather station, based on month of the year. No
limits are applied here for omitted vegetation or when there are no values in the table
represented in the figure.

13.4 Vegetative and Open Water Daily Consumptive Use (DCU)
- ET Toolbox Only

Computer processes were developed to collect all of the required data sets and calculate
the Daily Consumptive Use (DCU) in acre feet for each vegetative type (or open water)
within each HRAP grid cell using:

Vegetative type DCU = (Daily ET)(Acres)/12

where Acres is the vegetative or open water acreage of the grid cell. Refer to GIS
Land and Open Water Classification (section [15).

13.5 Total Grid Cell DCU - ET Toolbox Only

All of the acre feet values are summed to arrive at an estimated consumptive use for
each grid cell. The NEXRAD estimated daily accumulated rainfall (in acre feet) is then
subtracted.

Total Grid Cell DCU = Sum of Vegetative type DCU's — Rain fall

13.6 River Reach and Diversion DCU) - ET Toolbox Only

All of the grid cell totals are summed for each river reach and diversion.

River Reach DCU = Sum of Total Grid Cell DCU values within the river reach.

Diversion DCU = Sum of Total Grid Cell DCU values within the diversion.

13.7 DCU Values in Cubic Feet Per Second - ET Toolbox Only

The DCU values in acre feet per day are also converted to flow in cubic feet per second
(cfs) for use by water managers and in the URGWOM, where:

cfs = acre feet/1.98347
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14 Veg. and Open Water Coefficients and Related
Data

The following four tables separate the classifications into Agriculture, Riparian, Open
Water, and Urban. The start (plant) and stop (harvest) dates are used as beginning and
ending points in the ET calculations. No ET is calculated before the start date or after
the stop date. Current classification sources are the 1992/93 Land Use Trend Analysis
(LUTA) and 2000 IKONOS (IKONOS). See section [15]

Clicking on a FIG (figure), within the four tables, provides an x-y plot of the co-
efficients (KC) vs the Growing Degree Days (GDD) or Month, including a tabulation
of the data. If a GDD plot, the polynomial function, cutoff temperatures, and base
temperature are also provided. The cutoff temperatures are not applied if they are not
provided. Refer to ET Toolbox Calculations (section for more information on how
these data are used.

The vegetation classifications with ”None” dates are currently not used in the ET
Toolbox because they were not classified within LUTA or IKONOS. All other classifica-
tions with real dates are used in the ET Toolbox. Note that the IKONOS is used only
in River Reach 7.

The LUTA classifications of Bosque, Riparian Shrub, and Riparian Woodland use an
average of the Cottonwood and Salt Cedar coefficients, except in May, June, and July
when the coefficient is set to 1.00. This was suggested by Dr. Salim Bawazir of the New
Mexico State University.

Numerous classifications do not have developed coefficients. In these cases, substitute
coefficients are used until research is completed. Example: The Corn coefficients are used
for Chili Peppers. It is extremely difficult to pick the appropriate substitution especially
with the riparian classifications that have mixtures of vegetations. Improvements to
these coefficients will greatly enhance the accuracy of water use estimates.
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Table 2: Agricultural Classifications

F PLANT | HARVEST | CLASS
AGRICULTURAL [ | SUBSTITUTE | (START) | (STOP) SOURCE

G DATE DATE
Alfalfa 29 - Jan. 1 Oct. 20 LUTA
Chile Peppers 30 Corn Apr. 29 | Nov. 20 LUTA
Corn 30 - Apr. 29 | Nov. 20 LUTA
Cotton 31] - None None None
Grapes 32 - Apr. 1 Oct. 20 LUTA
Melons 33 - Apr. 1 Sep. 1 LUTA
Misc. Fruit 34 - Jan. 1 Dec. 31 LUTA
Misc. Vegetables 30 Corn Apr. 29 | Nov. 20 LUTA
Nursery Stock 35 - Jan. 1 Dec. 31 LUTA
Oats 42| | Spring Barley | Apr. 10 | Aug. 10 LUTA
Pasture Grass 1] Turf-Park Mar. 15 | Oct. 20 LUTA
Pecan 1000* 361 - None None None
Pecan 2000* 371 - None None None
Pecan 3000* 33! - None None None
Pecan 4000* 30| - None None None
Pinto Beans m - None None None
Sorghum 17 - May 17 Dec. 20 LUTA
Spring Barley 42 - None None None
Tree Fruit 13} - Jan. 1 Dec. 31 LUTA
Wheat! 45 - Apr. 10 | Aug. 10 LUTA
Wheat>1300 GDD' | [46] - Apr. 10 | Aug. 10 LUTA

*(1000, 2000, 3000, and 4000 are tree trunk diameter (cm) x number of trees per hectare)
f(when the Growing Degree Days sum exceeds 1300, the Wheat>1300 GDD is used)
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Table 3: Riparian Classifications

F PLANT | HARVEST | CLASS
RIPARIAN I | SUBSTITUTE | (START) | (STOP) SOURCE

G DATE DATE
Bosque* 48 - Apr. 5 Nov. 21 LUTA
Cottonwood 19) - Apr. 5 Nov. 21 IKONOS
Cottonwood Bosque 19| Cottonwood Apr. 5 Nov. 21 IKONOS
Cottonwood /RO/WM' | [19|| Cottonwood | Apr. 5 Nov. 21 IKONOS
Cottonwood/SC/WM? | [19]| Cottonwood | Apr. 5 Nov. 21 IKONOS
Grassland 19| | Cottonwood | Mar. 15 | Oct. 20 IKONOS
Marsh 51 - Jan. 1 | Dec. 31 LUTA
Misc. Grass 14 Turf-Park Jan. 1 Dec. 31 LUTA
Riparian Shrub 18 Bosque Apr. 5 Nov. 21 LUTA
Riparian Woodland 18 Bosque Apr. 5 Nov. 21 LUTA
Russian Olive/WL1Y 19| | Cottonwood | Apr. 5 Nov. 21 IKONOS
Salt Cedar 50 - Apr. 5 |Nov. 21 | LUTA
Salt Cedar/RO/WM' | [50|| Salt Cedar | Apr. 5 | Nov. 21 IKONOS
Salt Cedar/WLTY 50 Salt Cedar Apr. 5 Nov. 21 IKONOS
Shrubland 19| Cottonwood | Apr. 5 Nov. 21 IKONOS
Sparce Vegetation 19| Cottonwood | Mar. 15 | Oct. 20 IKONOS
Willow 19| Cottonwood | Apr. 5 Nov. 21 IKONOS
Wetland 51 Marsh Jan. 1 Dec. 31 IKONOS

*

(An average of Cottonwood and SaltCedar, except 1.0 in May, June, and July)
(RO = Russian Olive/WM = Willow Mix)

(SC = Salt Cedar/WM = Willow Mix)
(WL = Woodland)
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Table 4: Open Water Classifications

F PLANT | HARVEST | CLASS
OPEN WATER [ | SUBSTITUTE | (START) | (STOP) SOURCE
G DATE DATE
Open Water 47 - Jan. 1 Dec. 31 LUTA
Water or Wet Soil | [47] Open Water | Jan. 1 Dec. 31 IKONOS
Table 5: Urban Classifications
F PLANT | HARVEST | CLASS
URBAN [ | SUBSTITUTE | (START) | (STOP) SOURCE
G DATE DATE
Turf-Golf 44 Turf-Park Mar. 15 | Oct. 20 None
Turf-Park 14 - Mar. 15 | Oct. 20 LUTA
Urban Irrigation | 44| Turf-Park | Mar. 15 | Oct. 20 LUTA
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15 GIS Land and Open Water Classification

River front near the Bosque riparian research site.

Several Geographic Information System (GIS) vegetation data sets that cover por-
tions of the area were evaluated. The Middle Rio Grande Land Use Trend Analysis
(LUTA) GIS data base for 1992/93 is the current land use resource for URGWOM river
reaches 1-5 (from Cochiti Dam to the San Acacia Diversion Dam). Data from a 1998
Bureau of Reclamation riparian vegetation classification were used for river reach 6 (from
San Acacia to San Marcial). Reach 6 also includes the Middle Rio Grande Conservancy
District’s Socorro Division, and the Bosque del Apache National Wildlife Refuge. An
IKONOS satellite GIS was used for river reach 7, which is the area from San Marcial to
Elephant Butte reservoir. The GIS data were transposed to the nominal 4 km x 4 km
HRAP grid cell resolution for use in the ET Toolbox with the NEXRAD-based 24-hr
rainfall estimates. An important component of the ET Toolbox is determination of the
vegetative growth acreage of agricultural crops, riparian vegetation, and open water in
each of the 4 km x 4 km HRAP grid cells. These data are then applied to the empirically
derived ET to produce a daily volumetric water requirement for each HRAP cell. Refer
to ET Toolbox Calculations (section [13).

Additional year 2002 riparian GIS efforts by both the Utah State University (USU)
and the Endangered Species (ES) Collaborative Program are now available. Compar-
isons of the LUTA, IKONOS, USU, and ES have been made and are available from the
AWARDS/ET Toolbox staff.

There is a need to develop a methodology for updating the GIS vegetation and open
water indexing data to detect changes and update the ET Toolbox at least once during
each annual growing season. The constraints are that the technology used must by
cost permissive, timely, and sufficiently accurate (e.g. 90%) for use in water resources
management.
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15.1 River Reaches 1-5 (LUTA)

The Middle Rio Grande Water Assessment - Middle Rio Grande Land Use Trend Analy-
sis Geographic Information System Data Base - Supporting Document Number 13 (1997)
- for 1992/93 was chosen for river reaches 1-5. This GIS data base contains the most
currently available analysis performed within these upper reaches of the river system
from Cochiti Dam to San Acacia Dam.

The purpose of the LUTA was to identify and quantify land use trends in the Al-
buquerque basin, New Mexico, over the last 58 years on those lands that significantly
impact groundwater resources. Historic and current aerial photography and 1992 Land-
sat Thematic Mapper satellite imagery were used as primary sources for compiling the
LUTA GIS database. Reclamation and the City of Albuquerque identified four periods
of time for the LUTA: 1935, 1954/55, mid 1970’s, and 1992/93. A GIS database was
constructed for each of the four time periods, and divided into four segments, one each
for the counties of Sandoval, Bernalillo, Valencia, and Socorro.

Coverages from the LUTA GIS were transformed to the 4 km x 4 km HRAP grid
cells using GIS tools provided by members of the Civil, Agricultural, and Geological
Engineering Department at the New Mexico State University. Results, which were first
separated into the four counties, were merged and placed into files acceptable to the ET
Toolbox computer programs. Approximately 127 HRAP grid cells from the LUTA are
included in the ET Toolbox for reaches 1-5.

15.2 River Reach 6 (USBR, MRGCD, BdA)

River reach 6 includes the area from San Acacia Dam to the San Marcial gage below
the Bosque del Apache Wildlife Refuge. A Reclamation aerial photography GIS study
completed in 1999 is used to get the riparian growth classification for this reach. Agri-
cultural acreage for San Acacia Dam to the northern edge of the Bosque del Apache is
assumed to be 23% of the entire Middle Rio Grande Conservancy District, using a mean
of 1985 through 1997, as suggested by district personnel. Personnel at the Refuge pro-
vided agricultural acreage for the Refuge. For simplicity, the LUTA portion of Socorro
county that extends into reach 6 was ignored. Reach 6 added 31 HRAP grid cells to the
study.

The total of 158 HRAP grid cells, at approximately 4,000 acres each, provides ET
Toolbox coverage to about 632,000 acres through reach 6.

15.3 River Reach 7 (IKONOS)

The riparian component of an IKONOS satellite 4-metar multi spectral resolution land
use data set from July 2000 is used in the ET Toolbox for river reach 7 commencing
in 2002. The riparian IKONOS was acquired from the MRGCD and the New Mexico


http://www.nmsu.edu
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Interstate Stream Commission. This IKONOS riparian GIS study was limited to areas
within the riverside drains; therefore it can not be used throughout the ET Toolbox

range from Cochiti Dam to San Marcial gage. (reaches 1 through 6).
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16 Open Water Evaporation Estimates

The evaporation from open water and wet sands contributes significantly to the water
depletion in the Middle Rio Grande valley. Research is underway to determine and
measure the evaporative demand by using LIght Detection And Ranging (LIDAR) and
other technologies. A consortium of groups and programs are at work on this research,
consisting of the Bureau of Reclamation, Los Alamos National Labs|New Mexico State
University, Utah State University, University of lowa, and others. A year long effort was
initiated in 2001 on Elephant Butte reservoir to determine the actual evaporation off the
lake surface. A tower was constructed and instrumented, and the Los Alamos Raman
LIDAR| was on the lake in September 2001 to determine the extent of the measurements
by the tower instrumentation. The similar Tamarisk Research Study was accomplished
to provide water use planners with long-term evapotranspiration estimates, methods,
and models to predict the consumptive use of water by saltcedar and cottonwood.

The results of these research programs should provide a means of determining an
evaporative demand. Real-time reservoir area based on height versus surface area tables
can then be used in the calculation of daily evaporative use.

Meanwhile, coefficients developed by Dr. Jensen (1998) on open water evaporation
for the Lower Colorado River in the Parker Dam to Imperial Dam reach are used for
the Middle Rio Grande.


http://www.lanl.gov
http://www.nmsu.edu
http://www.nmsu.edu
http://www.usu.edu
http://www.uiowa.edu
http://www.iihr.uiowa.edu/projects/gcip
http://www.iihr.uiowa.edu/projects/gcip
http://tamarisk.nmsu.edu
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17 Interface with RiverWare

ET Toolbox files for each river reach (currently 7) are available for the URGWOM team
to access at around 6:45 AM MST each day. The river reach boundaries are listed in
the following table.

River Reach 1 Cochiti Dam gage to San Felipe gage

River Reach 2 Jemez River gage below Jemez Canyon Dam

River Reach 3  San Felipe gage to Central Avenue gage

River Reach 4 Central Avenue gage to Bernardo gage

River Reach 5 Bernardo gage to San Acacia gage

River Reach 6 San Acacia gage to San Marcial gage (includes the Bosque Del Apache)
River Reach 7 San Marcial gage to north end of Elephant Butte Reservoir

River Reach 8 North end of Elephant Butte to gage below Elephant Butte Dam (future)

These ET Toolbox files contain HRAP cell-by-cell daily rainfall (inches), and con-
sumptive use values (acre-feet) for all agricultural, riparian, and urban vegetation classi-
fications, and the open water classification for the day. To get the net water use require-
ment, the rainfall must be converted to acre-feet and subtracted from the consumptive
use. Refer to AWARDS/ET Toolbox Calculations (section for more information.

A sample ET Toolbox file (figure [52| W) is shown here. It contains all data for the
first HRAP grid cell (108x313) in River Reach 3 for the month of January. (The Internet
version shows all data for the current year.) The data for the last three lines under each
grid cell are forecast values based on the National Center for Environmental Prediction
(NCEP) 12-km grid Eta model.

Here (figure |53| W) is a description of the ET Toolbox file.

These ET Toolbox files are not available from the website, therefore no web address
is provided here. They are internal files used in the computer system, and made available
daily for use by the URGWOM team. The above two figures exist in this document only
for information purposes - they are not intended to be accessed by the casual user of
the ET Toolbox.

The tasks of developing the Data Management Interfaces (DMIs) between the ET
Toolbox files, the Hydrologic Engineer Center - Data Storage System (HEC-DSS), and
RiverWare were accomplished by the URGWOM team. Please contact the URGWOM
team for information on how these provided data are used in the RiverWare Model.


http://www.usbr.gov/pmts/rivers/awards/Nm/rg/reaches/REA3.ettool
http://www.usbr.gov/pmts/rivers/awards/README.ettool
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18 Stream Flow Data

Gage Station Products in the Angostura Dam Area.

As an enhancement to the ET Toolbox, users at the Middle Rio Grande Conservancy
District and USBR requested near real-time graphs and text of stream flow conditions
throughout the valley. This allows direct comparison of consumptive use estimates and
stream flow, considering an approximate five day lag for water released at Cochiti Dam to
arrive at the San Marcial gage. District personnel developed schematics of the diversions
and return flows.

The stream flow information is acquired from the MRGCD stream gage network.
Two data sets are received.

The first set is MRGCD managed gage station and USBR pumping station data
transmitted from the gage to the district office via radio telemetry. These data are for
the top of the hour and at 30 minutes after the hour. This set is then automatically
received into the ET Toolbox from the MRGCD office via FTP at 15 and 45 minutes
past each hour.

The second set is USGS managed gage station data received at the district office via
the US Corps of Engineers who get it from the USGS. These USGS data are provided in
15-minute intervals, but to be consistent with the MRGCD data which are in 30-minute
intervals, the minute 15 and 45 are ignored. The USGS data is automatically received
into the ET Toolbox from the MRGCD office via FTP at 20 minutes after each of the
following hours: midnight, 4:00 AM, 8:00 AM, noon, 4:00 PM, and 8:00 PM.

The gage naming criteria differ between the MRGCD, USBR, and USGS managed
stations. The following sub sections define these criteria.
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18.1 MRGCD Stream Flow Data

The MRGCD uses a three character gage name followed by DV (diversion), CN (canal),
DR (drain), WW (waste way), UP (Rio Grande above Isleta Dam), DN (Rio Grande
below Isleta Dam), and XC (cross section). An example MRGCD gage is CORCN.
Following is a table of the MRGCD gage stations. Some data are missing because
they were not provided by the district or the gages are not yet installed. The type code
d+h means that both discharge (d), in cfs, and height or stage (h) in feet, are reported.
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Name

ALGDR

ALBCN
ATFCN
ANGDV
CORCN

SANWW
UCRDR
CORWW
LCRDR
ATSCN
CENWW

ARMCN
BERCN
ATDCN
ARECN
ALBDR

ARSDR
ATRDR
BELCN
PERCN
CHICN
CHACN
CACCN
ISLUP
ISLDV

ISLDN

240WW
PERWW
LP1IDR
BELDR
NBLWW
LP2DR
FD3WW
STYWW
SABDR
SFRDR
LSJDR

UN7DR
SNADV
SOCCN
SADCN
SMSCN
ELMDR

SOCDR

Type Latitude Longitude

Long Name

d+h 35.379 106.496
d+h 35.370 106.505
d+h 35.370 106.509
d+h
d+h 35.276 106.602
d+h 35.227 106.591
d+h 35.205 106.641
d+h 35.161 106.674
d+h 35.161 106.674
d+h
d+h 35.096 106.688
d+h 35.088 106.683
d+h
d+h 35.087 106.683
d+h 35.088 106.695
d+h 35.089 106.676
d+h 34.935 106.679
d+h 34.935 106.685
d+h 34.899 106.701
d+h 34.895 106.689
d+h 34.905 106.683
d+h 34.904 106.683
d+h 34.902 106.683
d+h
d+h
d+h 34.904 106.684
d+h
d+h 34.692 106.741
d+h
d+h
d+h
d+h
d+h 34.571 106.771
d+h
d+h
d+h
d+h 34.414 106.794
d+h 34.265 106.877
d+h
d+h 34.254 106.897
d+h
d+h
d+h
d+h

Algodones Riverside Drain

Albuquerque Main Canal
Atrisco Feeder Canal
Total Angostura Diversion
Corrales Main Canal

Sandia Lakes Wasteway
Upper Corrales Drain Outfal
Corrales Main Wasteway
Lower Corrales Drain Outfall

Central Avenue Wasteway
Armijo Acequia

Atrisco Ditch
Arenal Main Canal
Albuquerque Drain At Tingley

Albuquerque Drain Outfall
Atrisco Drain Outfall

Belen Highline Canal At HDG
Peralta Main Canal At HDG
Chical Lateral At HDG
Chical Acequia At Heading
Cacique Acequia At Heading

Total Isleta Diversion

Rio Grande Below Isleta Dam

Peralta Main Wasteway

Feeder 3 Wasteway

Lower San Juan Drain Outfall
Unit 7 Drain At San Acacia

Total San Acacia Diversion
Socorro Main Canal Heading
San Antonio Ditch At BdA
Boundary

Socorro Main South At BdA
Boundary

Elmendorf Drain At BdA
Boundary

Socorro Drain At BdA
Boundary

47

Description

Return flow from Cochiti Division along

east side, empties into Atrisco Feeder, not in to river
Diversion from river to east side at Angostura Dam
Diversion from river to east side at Angostura Dam
ALGDR+ALBCN+ATFCN

Flow carried in siphon from Atrisco Feeder on east
side to west side, no diversion or return

Return flow to river, excess bled off east side canals
Return flow to river from Corrales area canals
Return flow to river from Corrales area canals
Return flow to river, very minor

Return flow to river, excess bled off Atrisco Feeder at
intake to Atrisco Siphon
Medium sized ditch feeding old Atrisco area

Small ditch feeding old Atrisco area

Large canal feeding southwest Albuquerque/Isleta Pueblo
Flow in eastside drain past Central Avenue, no diversion

or return

Return flow to river from east side of Albuquerque Division
Return flow to river from west side of Albuquerque Division
Diversion from river to west side at Isleta Dam

Diversion from river to east side at Isleta Dam

Diversion from river to east side at Isleta Dam

Diversion from river to east side at Isleta Dam

Diversion from river to east side at Isleta Dam

BELCN+PERCN+CHICN+CHACN+CACCN=ISLDV
for total diversion from river at Isleta Dam

Flow in river just below Isleta Dam, difficult gaging
location, so frequent shifts

Return flow to river from east side north of Belen

Return flow to river from west side south of Belen

Return flow to river from east side near mouth of
Rio Puerco

Return flow from west side of Belen Division, empties
directly into Socorro Main Canal

SOCCN-UN7DR

Flow in Socorro Main Canal below San Acacia Dam
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18.2 USBR Pumping Stations

Pumping stations managed by the USBR use a three character gage name followed by
PS (pumping station). An example pumping station is NCPPS.

Following is a table of the pumping stations. The type code d+h means that both
discharge (d), in cfs, and height or stage (h) in feet, are reported.

Name Type Description

NCPPS d+h  Neil Cupp Pumping Station - USBR
NBYPS d+h  North Boundary Pumping Station - USBR
SBYPS d+h  South Boundary Pumping Station - USBR
FCRPS d+h  Fort Craig Pumping Station - USBR

18.3 USGS Stream Flow Data

The USGS uses the Standard Hydrometeorological Exchange Format (SHEF) conven-
tion. This is a three character gage name followed by the 1st character of the state name,
followed by a number representing the state’s alphabetical order. New Mexico (N) is
the 5th state (5). Therefore all USGS gages in New Mexico are identified by N5 in the
4th and 5th character positions. Colorado is C2. An example USGS gage is OTWNS5.

Following is a table of the USGS gage stations. The type code d+h means that both
discharge (d) in cfs and height or stage (h) in feet, are reported. The type code s+e
is used for reservoir status gages. It means that both the storage (s) in acre feet and
reservoir elevation (e) in feet above sea level, are reported.
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Name Type Description

RLPN5 d+h Rio Chama Near La Puente

ELVN5 s+e El Vado Dam

RCEN5 d+h  Rio Chama Below El Vado

RCAN5 d+h  Rio Chama Above Abiquiu Dam

ABINS s+e Abiquiu Reservoir

AICN5 d+h  Rio Chama Below Abiquiu Dam

LOBC2 d+h Rio Grande Near Lobatas, CO

EMBN5 d+h Rio Grande At Embudo

OTWN5 d+h  Rio Grande At Otowi Bridge, Near San Ildefonso,NM
COCN5  s+e Cochiti Lake

SILN5 d+h  Rio Grande Below Cochiti, Sile, Cochiti Canal
CCCN5 d+h  Rio Grande Below Cochiti, Sile, Cochiti Canal
CTDN5 d+h  Rio Grande Below Cochiti, Sile, Cochiti Canal
SFPN5 d+h  Rio Grande At San Felipe

JECN5S d+h  Jemez River Below Jemez Dam

ABQN5 d+h  Rio Grande At Albuquerque

RFBN5 d+h Rio Grande Floodway At Bernardo

BNDN5 d+h  Rio Puerco At Bernardo

SNAN5 d+h Rio Grande Floodway At San Acacia

SMCN5 d+h  San Marcial Conveyance Channel On Rio Grande
SMFN5 d+h  San Marcial Floodway On Rio Grande

18.4 Schematics

All of the data are assembled into text files and plots; in some instances combining data
for valley cross sections and operations. These data are best viewed from the MRGCD
North and South Schematics, available by clicking on Stream Flow Data from the inter-
active ET Toolbox window (figure [4| W). This pops-up a Stream Flow Products window
(figure 54| W).

From there, click on either of the boxes labeled MRGCD North Schematic (figure
W) or MRGCD South Schematic (figure [56| W)).

The schematics are updated every 30-minutes, as noted by the posted date and time
at the bottom. All times are Mountain Standard Time (MST) throughout the year.
The schematics show the inflows and outflows throughout the MRGCD. Green boxes
are MRGCD gages, yellow boxes are USGS gages, and orange boxes are USBR pumping
stations.

Values posted in the boxes are the latest discharges in cfs. No value in a box means
the stream flow gage network has not been established. Clicking on a box with a value,
or N/A (Not Available), pops-up a graph containing two charts. This is an example of
the Corrales Main Canal (figure [57] W). The bottom chart shows the height (stage) of
the gage in feet and the top shows the discharge (stream flow) in cfs. A table to the
right of the graph provides the year-to-date gage information (figure .


http://www.usbr.gov/pmts/rivers/awards/Nm/rg/rgindexnt.ettool.html
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/RioG/indexgage.html
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/RioG/gage/schematic/SCHEMATICnorth.html
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/RioG/gage/schematic/SCHEMATICsouth.html
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/RioG/gage/schematic/html/CORCN.html
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18.4.1 Valley Cross Sections

Valley Cross Sections on the left of the north schematic (figure 55| W) represent river
reaches 1,3,4,5,and 6 from Cochiti to San Marcial. An example valley cross section is
SFPXC.

Following is a table of the Valley Cross Sections. Note the gages that are totaled for
each of the cross sections.

Name Description Gages Totaled

CTDXC Cross Section at Cochiti SILN5 CCCN5 CTDNb5
SFPXC  Cross Section at San Felipe SFPN5 CMCCN
ABQXC Cross Section at Albuquerque ABQN5 ALBDR ATSCN
RFBXC  Cross Section at Bernardo RFBN5 SFRDR LSJDR
SNAXC Cross Section at San Acacia SNAN5 SOCCN

SMCXC Cross Section at San Marcial SMFN5 SMCN5

This is an example cross section at San Felipe (figure |59 W).

These cross sections contain summations of individual gages (in some cases both
MRGCD and USGS) with a trace for each. The gage information table on the upper
right (figure shows the data for each gage, the total, and the daily average. An M
means the data for the chart are missing.

The daily consumptive use chart at the bottom allows comparison of stream flow
and consumptive use with the forecast consumptive use shown with dashed lines. This
is done for all cross sections except San Marcial. The comparable reach summary report

is also shown on the right. (figure

18.4.2 Irrigation Diversions

Irrigation diversions on the right of the north schematic (figure |55 W)) represent the four
district diversion points. This is an example of the Cochiti diversion, named COCDYV,
(figure 61) W)), with a summation of USGS gages at the two canals, SILN5 and CCCN5,
below Cochiti Dam.

The gage information table on the right (figure shows the data for each gage, the
total, and the daily average.

18.5 Area-Wide Stream Flow Information

Clicking on the upside-down white triangles from the Stream Flow Products window
(figure |54] W) pops-up area-wide gage station products. This example (figure [63] W)
is of the Alcalde, NM area available by clicking on the top-most upside-down white
triangle.


http://www.usbr.gov/pmts/rivers/awards/Nm/rg/RioG/gage/schematic/SCHEMATICnorth.html
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/RioG/gage/schematic/html/SFPXC.html
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/RioG/gage/schematic/SCHEMATICnorth.html
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/RioG/gage/schematic/html/COCDV.html
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/RioG/indexgage.html
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/alcalde/gagemenu.html
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These products were developed before implementation of the schematics. Included
in these are plots and tables of some of the same data that are on the schematics, and
some reservoir storage and elevation data from the USGS.

Also available from these area-wide images are combinations of stream data for the
Rio Chama Operations (RCOPS), Middle Valley Operations (MVOPS), and Middle
Valley Flows (MVFLO).

Following is a table of these combinations. Note the gages that are totaled for each
of the cross sections.

Name Description Gages Totaled

RCOPS Rio Chama Operations RLPN5 RCEN5 AICN5 EMBN5 OTWN5
MVOPS Middle Valley Operations OTWN5 CTDN5 CCCN5 SILN5 JECN5
MVFLO Middle Valley Flows CTDN5 ABQN5 ISLDN RFBN5 SNAN5 SMFN5

Some images of gage locations are also shown.

18.6 Direct Links to USGS Gage Information

Clicking on the correct side-up white triangles found on many of the pop-up win-
dows throughout the AWARDS/ET Toolbox system provides real-time Internet links
to USGS gage graphs and text data. An example is available through the Internet at
http://waterdata.usgs.gov/nm/nwis/uv/gen_stn_pg?station=08313000 (Rio Grande at
Otowi Bridge).


http://waterdata.usgs.gov/nm/nwis/uv/gen_stn_pg?station=08313000
http://waterdata.usgs.gov/nm/nwis/uv/gen_stn_pg?station=08313000
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19 Historic ET Toolbox Processing - 1975 to 1998

At the request of the URGWOM team, historic consumptive use values were processed
to satisfy a requirement of determining agricultural and riparian water depletions in each
of the river reaches. The results of this study were used to calibrate the URGWOM.

Years 1984 through 1998 were processed using a combination of the Alcalde and Los
Lunas weather stations. Temperature and relative humidity from the Los Lunas station
and solar radiation and wind from the Alcalde station were used to calculate the Penman
Reference ET.

Years 1975 through 1983 were processed differently. For these years there were no
data from Alcalde, and only temperature and precipitation data were available at Los
Lunas. Therefore, a monthly comparison of temperature and precipitation was made
with years 1984 through 2000. Daily relative humidity, solar radiation, and wind data
from the closest matched month in the period 1984 through 2000 were then used to
calculate the Penman Reference ET. An Excel spread sheet has been developed that
shows the Los Lunas precipitation and temperature data, and a comparison of monthly
precipitation and average temperatures for each year 1975 through 1983, with 1984
through 2000.

Access to the spread sheet is available through the Internet at:

http://www.usbr.gov/pmts/rivers/awards/Nm/NM_LosLunasCOOPdata.htm |(W).

Page seven of the spread sheet contains documentation of the procedures used.

Years 1999 through the last most current year used temperature, relative humidity,
solar radiation, and wind data from various weather stations for calculating the Penman
Reference ET. The stations were assigned to specific 4 km x 4 km HRAP grid cells
within each reach:


http://www.usbr.gov/pmts/rivers/awards/Nm/NM_LosLunasCOOPdata.htm
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1999 Reaches 1 and 2 Alcalde

Reach 3 Rio Grande Nursery (NMCC)
Reach 4 Los Lunas
Reach 5 Boy’s Ranch
Reach 6 North Bosque
2000 Reach 1 Pena Blanca and Angostura
Reach 2 Angostura
Reach 3 Angostura, Rio Grande Nursery, and Albuquerque Golf Course (NMCC)
Reach 4 Bosque Bar (MRGCD), Rio Grande Nursery, Los Lunas, Jarales,
and Boy’s Ranch
Reach 5 Boy’s Ranch
Reach 6 Luis Lopez, North Bosque, and South Bosque
2001 Reach 1 Pena Blanca and Angostura
Reach 2 Angostura
Reach 3 Angostura, Rio Grande Nursery, and Albuquerque Golf Course (NMCC)
Reach 4 Bosque Bar (MRGCD - through Dec 6), Rio Grande Nursery, Los Lunas,
Jarales, and Boy’s Ranch
Reach 5 Boy’s Ranch and San Acacia
Reach 6 San Acacia, Luis Lopez, North Bosque, and South Bosque
2002 Reach 1 Pena Blanca and Angostura
Reach 2 Angostura
Reach 3 Angostura, Rio Grande Nursery, and Albuquerque Golf Course (NMCC)
Reach 4 Rio Grande Nursery, Los Lunas, Jarales, and Boy’s Ranch
Reach 5 Boy’s Ranch and San Acacia
Reach 6 San Acacia, Luis Lopez, North Bosque, and South Bosque
Reach 7 South Bosque
2003 Reach 1 Pena Blanca and Angostura
Reach 2 Angostura
Reach 3 Angostura and Candelaria Farms
Reach 4 Candelaria Farms, Los Lunas, Jarales, and Boy’s Ranch
Reach 5 Boy’s Ranch and San Acacia
Reach 6 San Acacia, Luis Lopez, North Bosque, and South Bosque
Reach 7 South Bosque

Occasionally data from weather stations were not available. In these cases interim
substitutions were made while repairs were underway, or permanent replacements were
made if new or nearby stations were available.

In all historic processing through 1998, only weather station precipitation data were
used since NEXRAD data were not collected for the ET Toolbox until 1999. The historic
data posted on the website for 1999 through the last most complete year uses NEXRAD
precipitation. This is an important item to note when comparing 1975 through 1998
precipitation data with 1999 through current year precipitation data.

Numerous reruns of the historic ET Toolbox processing for 1975 through 1998 have
occurred. The more recent was in February 2003 to correct problems with the agricul-
tural acreage and precipitation in reach 6.

For these historic calculations, the vegetative acreage from the 1992/93 LUTA for
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reaches 1 through 5 were used, as well as the combinations of data sources for reach 6.
Refer to GIS Land and Open Water Classification (section [L5).

The same crop coefficients and Penman Reference ET Equation were used. The only
variance from year-to-year was the weather data.

The year 2001 ends on December 6 due to the Department of the Interior shutdown
of Internet communications.

Access to these historic data is via the inter-active AWARDS/ET Toolbox image
(figure 4] W). From there click a small white square box attached to the left side of
a window. An example is the MRGCD Albuquerque Division (Angostura diversion)
(figure |§| W). From there, as an example, click on ”Historic River Reach 3 Summary”,
which will pop-up a directory of historic ET Toolbox files. The user can select any year
from 1975 to present.


http://www.usbr.gov/pmts/rivers/awards/Nm/rg/rgindexnt.ettool.html
http://www.usbr.gov/pmts/rivers/awards/Nm/rg/gabq/index.ettool.html
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20 Data Flow - Computer Processing

There are many data sets used in the ET Toolbox that are acquired either hourly or
daily through the use of C-SHELL scripts. These scripts are run on a Sun Sunblade
2000 Computer Workstation using the Solaris 9 UNIX operating system. The computer
is located in the Bureau of Reclamation’s Technical Service Center, Water Resources
Services Division, at the Denver Federal Center, Lakewood, Colorado. The scripts call
various computer programs written mostly in FORTRAN; although some C and Python
programming is also used. The data acquisition and management of the NEXRAD data
is not documented here (possibly in the future).

Abbreviations used in the flow diagrams are:

WX Weather Station

Web World-Wide Web (Internet)

FTP File Transfer Protocal

SHEF Standard Hydrologic Exchange Format

WGRFC West Gulf River Forecast Center

Eta A weather forecast model run from the National Center for Environmental Prediction
ET Evapotranspiration

NEXRAD NEXt generation RADar

DOS Disk Operating System

Click on the following subjects to access flow diagrams of the function of each major
script, called program, and related data flow. These figures are not available on the
website.

Weather (Forecast and Real-Time)

(figure |64] figure 65| figure [66| figure [67] figure |68| figure

Gage (Real-Time Stream Flow and Reservoir Status)

(figure . figure .

ET Toolbox (Reference ET, Crop ET, ET Charts, ET Toolbox, Plotting)

(figure [72| figure [73| figure |74 figure [75| figure |76| figure |77 figure

Miscellaneous (Acres Processing and Reporting, and other processing)

(figure |79| figure (80| figure [81| figure [82| figure |83| figure [84| figure [85| figure [86| figure |87| figure

A more detailed document is being developed for the ET Toolbox program developers
and managers to help guide them through the complex operation of the computer system.


http://www.usbr.gov/pmts/rivers/awards/flowweather.jpg
http://www.usbr.gov/pmts/rivers/awards/flowgage.jpg
http://www.usbr.gov/pmts/rivers/awards/flowettool.jpg
http://www.usbr.gov/pmts/rivers/awards/flowmisc.jpg

21 ET TOOLBOX RESEARCH 56

21 ET Toolbox Research

Future ET Toolbox research could include studies to:

.~

Sl 2

©

10.

Implement daily open water calculations with actual daily areal extent updates

(the FLO-2D model is under consideration).

Revise evaporation demands based on results of open water field studies.

Improve the riparian vegetation ET coefficients and make other equation changes based on the results of
the ET field studies.

Determine if adding soil moisture fields from Land Surface Models and observations, and soil types and
slope, can be used in the ET Toolbox to improve the efficiency of water management.

Improve estimates of effective precipitation using soil types and slope, and soil moisture.

Improve the situation analysis matrix with predicted stream flow data.

Install additional weather stations in critical ET demand areas.

Implement a field scheduling component based on real-time soil moisture monitoring, soil types,

and plant growth, to improve irrigation delivery demands.

Access and use real-time ground water level information for integration into a system-wide water
balance feature.

Improve the Stream Flow Schematics to include greater datail and missing data.

AWARDS/ET Toolbox Computer
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Figure 1: ET Toolbox Home Page
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NEXREAD Rainfall, Weather Station, and ET Products
for the Rio Grande Basin in New Mexico

Rio Grande Basin AWARDS System and ET Toolhox Project Aveas

OPTIONS: Colored Topography or No Topography
- - 0000- 2400 Mowntain Standard Time (MST) - -

Situation Analysis Matvix
With Present Division Rain and With Present Howly Rain
Daily Avchived Images
Information on the AWARDS System
Docwmentation of the ET Toolhox {pdf version)
Links to NOAA Satellite Loop, Precipitation and Temperatwe Forecasts

6-how animation loop of satellite images (GOES WEST IR from NOAA)

6-how animation loop of radar precipitation inages (WSR- 88D Stage I1I)

HPC National Quantitative Precipitation Forecast (QPF) Graphics
Day 1 Day2 Day 3 Day 4-5

Medn Range Forecasts from the HPC
Maxdoon Temperature - Mindvwon Temperatwe - Probahility of Precipitation
Diay 3 Max f Min Temp and PoP Forecasts
Day 4 Max { Min Temp and PoP Forecasts
Day § Max f Min Temp and PoP Forecasts
Day & Max { Min Temp and PoP Forecasts
Day ¥ Max f Min Temp and PoP Forecasts

Cwrent Monthly and Seasonal Climate Outlook from the CPC

Current U.5. Drought Monitor firom the CPC

Axchived AWARDS System Precipitation Products

tecent Archived 1-how Middle Bio Grande radar rainfall inages - - MST - -

"he howur listed is the ENDING time of the rainfall, i.e., ending at 14 MST implies rainfall that fell hetween 13 MST
md 14 MST.

atest 1-howw MST rainfall image.

lrmwsel Archived 1 -how Weather Data from MREGCD operated amtomated weather stations.

lmead Archived 24-how radar rainfall inages - - 0000-2400 MST - -
atest 24-howr MST rainfall image.

VCRFC Area Archived 24-how NEXBAD rainfall inages - - 1200-1200 UTC --
ITC {Coordinated Universal Time) is 7 howrs ahead of MST.
atest 24-how UTC rainfall image.

Figure 2: New Mexico ET Products Menu
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Figure 3: Colored Topography Inter-active AWARDS/ET Toolbox Image
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| i

RAINFALL (in) 6/18/03 MST — Stage 3 WGRFC  [AWRDS[aiwin]

Flow Bataq

I
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g
Blspligni B ifad
... :

F .l E‘II
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J+0
0
0N
Ly
“Kls
ERE7Ery

A

Sty SWERFC msg @‘#r's e = n m
—m 05 .1 .25 .5 .75 17 1.251.561.752" 2.5 3" 4" §" 10 m
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Figure 4: No Topography Inter-active AWARDS/ET Toolbox Image
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RAINFALL (in) 12/18/03 MST — MPE WGRFC
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Figure 5: MRGCD Albuquerque Division (Diversion) - AWARDS
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Figure 6: MRGCD Belen North Division (Diversion) - AWARDS



Figure 7. MRGCD Daily Weather Data

23 FIGURES
Printed by AlBrower
Oct 15, 03 13:05 CFMN.txt Page 1/1
Candelaria Farms Station - MRGCD - Weather Data — 2003
Name: CFMN
Elev. 4971 ft Oct Oct Oct Oct Oct Oct Oct
Lat. 35.134 8 9 10 11 12 13 14
Lon. 106.679 e
Max. Temp. (F) 66.0 82.0 78.0 78.0 740 77.0 70.0
Min. Temp. (F) 57.0 44.0 55.0 49.0 41.0 41.0 31.0
Avg. Wind (Mi/Hr) 23 13 1.9 19 05 38 1.1
Rel. Hum. (%) 77.0 625 70.0 65.0 67.0 575 555
Rain (In) 0.08 0.00 0.10 0.00 0.00 0.00 0.00
Solar Rad. (Mj/Sqm) 4.70 13.40 13.70 17.20 17.00 17.10 16.90
Gage Monthly Total Rain: | Alternate Data Key
January 0.02 |
February 0.86 | eta == 12 km eta model
March ~ 1.71 | [123] == eta forecast day
April  0.04 | T == eta Temperature
May 0.07 | W == eta Wind
June 0.12 |
July 0.09 |
August 0.43 | r == nexrad radar Rain
September 0.34 | S == eta Solar Radiation
October 1.02 | ??7?? == weather station
Daily Weather Data and Reference ET
Month Day Max. Min. Avg. Rel. Rain Solar Penman Alternate
Temp Temp Wind Hum. Radiation Ref. ET Weather
(F) (F) (Mi/Hr) (%) (In) (Mj/Sqgm) (In) Data
=M1 W] [H R [S]
Oct 14 70.0 31.0 1.1 555 0.00 16.90 0.15
Oct 13 77.0 41.0 38 575 0.00 1710 0.19
Oct 12 740 410 05 67.0 0.00 17.00 0.14
Oct 11 78.0 490 19 65.0 0.00 17.20 0.17
Oct 10 78.0 55.0 19 70.0 0.10 13.70 0.13
Oct 9 820 440 13 625 0.00 1340 0.14
Oct 8 66.0 57.0 2.3 77.0 0.08 470 0.03 etalTWHrS
Oct 7 72.0 470 18 74.0 0.77 6.20 0.05
Oct 6 820410 05 605 0.00 1850 0.18
Oct 5 80.059.0 25 395 0.00 2130 0.23 etalTWHrS
Oct 4 66.0 570 3.2 60.0 0.00 8.00 0.08 etalTWHrS
Oct 3720600 26 275 0.07 860 0.12 etalTWHrS
Oct 2 82.0 55.0 3.9 495 0.00 15.00 0.19
Oct 1830480 16 58.0 0.00 1940 0.20
Sep 30 89.0 65.0 4.3 16.0 0.00 2340 0.32 etalTWHrS
Sep 29 91.0 440 09 56.0 0.00 19.90 0.22
Sep 28 85.0 46.0 1.1 59.0 0.00 2050 0.21
Sep 27 85.0 420 1.3 525 0.00 20.90 0.22
Sep 26 87.0 42.0 0.7 56.5 0.00 2140 0.22
Sep 25 80.0 51.0 2.6 61.0 0.00 18.60 0.19
Sep 24 86.0 46,0 14 56.5 000 17.50 0.19
Sep 23 83.0 45.0 2.0 555 0.00 19.30 0.20
Sep 22 84.0 36.0 13 515 0.00 2120 0.22
Sep 21 85.0 620 2.1 245 0.00 2550 0.29 etalTWHrS
Sep 20 85.0 58.0 4.9 27.0 0.00 24.00 0.31 etalTWHrS
Sep 19 79.0 50.0 3.4 315 0.00 2540 0.28 etalTWHrS
Sep 18 79.0 58.0 5.2 25.0 0.00 25.70 0.31 etalTWHrS
Sep 17 86.0 58.0 7.4 205 0.00 2580 0.37 etalTWHrS
Sep 16 88.0 63.0 59 23.0 0.00 26.00 0.36 etalTWHrS
Sep 15 86.0 58.0 55 35.0 0.00 2460 0.31 etalTWHrS
Sep 14 76.0 57.0 4.9 47.0 0.00 25.70 0.27 eta3TWHrS
Sep 13 850 620 2.6 25.0 0.00 26.30 0.30 eta2TWHrS
Sep 12 80.0 42.0 2.1 615 0.00 2340 0.23
Sep 11 740 51.0 3.1 645 000 2220 0.21
Sep 10 76.0 52.0 3.1 715 0.15 1090 0.11
Wednesday October 15, 2003 11
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Printed by AlBrower

Oct 21, 03 11:10 BELS.JRLN.100.288.txt

Page 1/1

|
Jarales — So. of Belen, NM - MRGCD |
ESTIMATED CROP WATER USE - OCTOBER 21, 2003
|

| DALY | FORECAST | | | | |
| CROP WATER USE-(IN)| PENMANET | | | 7] 14]
CROP START| PENMAN ET - OCT| OCT OcCT OCTITERM|SUM | DAY| DAY |
DATE] | [ | DATE| ET | USE| USE |
|17181920|21|22|23||I||| . .

| |
Alfalfa 101|014013015014|000|000|000|1020|644|10|18

PastGrass 3150.12 0.11 0.13 0.12 | 0.00 | 0.00 | 0.00 [1020 | 40.0 | 0.9] 1.5 |
| 1 1 | |

| | | | |
Sorghum 517 | 0.00 0.00 0.00 0.00 | 0.00 | 0.00 | 0.00 |1220 | 25.9 | 0.0 0.0 |
1 1 1 1

| | | |
Wheat 410 | 0.00 0.00 0.00 0.00 | 0.00 | 0.00 | 0.00 | 810 | 13.0 | 0.0] 0.0 |

| | | |
Com  429]0.000.00 0.00 0.00 | 0.00 | 0.00 | 0.00 [1120 | 34.7 [ 0.0] 0.0 |
| 1 1 1 |

| | | | |
Chili Pep 429 | 0.00 0.00 0.00 0.00 | 0.00 | 0.00 | 0.00 1020 | 34.7 | 0.0] 0.0 |
1 1 1 1 1

| | | | |
Grapes  401]0.150.14 0.16 0.16 | 0.00 | 0.00 | 0.00 [1020 | 28.2 | 1.1] 1.9 |

| | | | |
Urban Irr 315]0.12 0.11 0.13 0.12 | 0.00 | 0.00 | 0.00 |1020 | 40.0| 0.9] 1.5 |
| 1 1 | |

| I | | |
Park/Golf 3150.12 0.11 0.13 0.12 | 0.00 | 0.00 | 0.00 |1020 | 40.0 | 0.9] 1.5 |
1 1 1 1 1

| | | | |
Rip. Wood 405 | 0.08 0.07 0.08 0.07 | 0.09 | 0.09 | 0.09 |1121 | 46.9 | 0.6| 1.1 |

| | | |
Salt Cedar 405 |0.09 0.08 0.09 0.08 | 0.11 ] 0.10 [ 0.10 |1121 | 42.0] 0.7 1.3 |
| 1 | |

| | | |
Rip. Shrub 405 | 0.08 0.07 0.08 0.07 | 0.09 | 0.09 | 0.09 [1121 | 46.9 | 0.6] 1.1 |
1 1 1 1

| | | |
Marsh 101]0.110.100.110.10|0.12|0.12 0.12|1231 | 71.2] 0.8] 1.5 |

I | I | J
Open Water 101 ]0.16 0.150.17 0.16 | 0.21 | 0.20 | 0.20 |1231 | 58.5| 1.1 2.0 |
| 1 1 | |

| I | | |
Misc Grass 315 | 0.14 0.13 0.15 0.14 | 0.00 | 0.00 | 0.00 |1020 | 46.2 | 1.0] 1.8 |
1 1 1 1 1

| | | | |
Melons 401 0.00 0.00 0.00 0.00 | 0.00 | 0.00 | 0.00 | 901 | 37.8 | 0.0] 0.0 |

| I I I |
Tree Fruit 101]0.150.15 0.17 0.16 | 0.21] 0.20 | 0.20 [1231 | 54.4 | 1.1] 2.0 |
| 1 | |

| | | |
Nursery St 101 | 0.15 0.15 0.17 0.16 | 0.21 | 0.20 | 0.20 [1231 | 54.4 | 1.1] 2.0 |
1 1 1 1

| | | |
Oats 410 0.00 0.00 0.00 0.00|0.00|0.00|0.00 | 810]19.9|0.0]0.0|

| I I I |
Misc Fruit 101 | 0.15 0.150.17 0.16 | 0.21 | 0.20 | 0.20 [1231 | 54.4 | 1.1] 2.0 |
| 1 1 | |

| | | | |
Misc Vegs 429 | 0.00 0.00 0.00 0.00 | 0.00 | 0.00 | 0.00 |1020 | 34.7 | 0.0] 0.0 |
1 1 1 1 1

| | | | |
Bosque 405 | 0.08 0.07 0.08 0.07 | 0.09 | 0.09 | 0.09 |1121 | 46.9 | 0.6] 1.1 |
| 1 1 1 1

| I I I J
Cottonwood 405 | 0.07 0.06 0.07 0.06 | 0.08 | 0.07 | 0.07 1121 | 29.6 | 0.5 0.9 |

NEXRAD HRS AVAIL| 24 24 24 24| QPF | QPF valid until:
TOTAL RAIN | 0.00 0.00 0.00 0.00 | 0.00 | 5am MST OCT 22
EFFECTIVE RAIN | 0.00 0.00 0.00 0.00 | 0.00 |

NEXRAD MONTHLY TOTAL RAIN: |
JANUARY 0.00
FEBRUARY 0.25 |

MARCH 017 |
APRIL 004 |
MAY 000 |
JUNE 029 |
JULY 014 |

AUGUST 1.05
SEPTEMBER 1.00 |
OCTOBER 1.42 |

(100x288)

Tuesday October 21, 2003

Figure 8: ET Chart

1/1
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Figure 9: MRGCD Albuquerque Division (Diversion) - ET Toolbox - Numbers in cells

are the daily URGWOM water use in acre-feet.
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Printed by AlBrower

Apr 30, 03 10:54 GABQ.etcrop.103.305.txt Page 1/1
ET TOOLBOX CELL DETAILS (UNDER DEVELOPMENT)
Greater Albuquerque
Vegetation classification: LUTA 1992/93
Cell number: 103x305
Weather station: Candelaria Farms Station - MRGCD
Last 7 and 3 Forecast Day's URGWOM Water Use in Acre-Feet (CFS)
Consumptive Use Forecast
——————————————— 2003
Crop Acres Apr. Apr. Apr. Apr. Apr. Apr. Apr. Apr. May May
23 24 25 26 27 28 29 30 1 2
Alfalfa 3774 38 53 60 66 6.3 57 69 88 85 9.1
PastGrass 262.6 24 35 39 42 39 35 44 55 50 55
Sorghum 40.2 00 00 00O 00O 00O 0.0 0.0 0.0 0.0 0.0
Grapes 131 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
UrbanIrr 1414 13 19 21 22 21 19 24 3.0 27 3.0
Park/Golf 414 04 06 06 06 06 06 07 09 08 09
Rip. Wood 242 01 01 01 01 01 01 01 02 02 02
Rip. Shrub 20.2 0.1 01 01 01 01 01 01 02 02 0.2
Marsh 627 10 15 16 17 16 15 18 23 21 23
Open Water 2333 2.7 39 43 47 45 39 49 62 58 64
Misc Grass 245 03 04 04 04 04 04 05 06 06 06
Tree Fruit 3.3 00 01 01 01 01 01 01 01 01 0.1
NurserySt 33 00 01 01 01 01 01 01 01 01 01
Oats 16 00 00 00 00 00 00 00 00 00 0.0
MiscVegs 4.0 00 00 00 00 00 00 00 00 0.0 0.0
Bosque 5498 14 23 28 28 28 28 32 41 41 46
Totals 18030 135 196 22.1 23.6 226 204 251 31.8 30.2 329
6.8)( 9.9)( 11.2)( 11.9)( 11.4)( 10.3)( 12.7)( 16.1)( 15.3)( 16.6)
Agricul. 7055 6.3 9.0 10.1 109 104 9.3 115 145 13.7 1438
( 3.2)( 4.5)( 5.1)( 5.5)( 5.2)( 4.7)( 5.8)( 7.3)( 6.9)( 7.5)
Riparian 6814 28 43 50 51 50 48 57 73 71 79
( 1.4)( 2.2)( 2.5)( 2.6)( 2.5)( 24)( 2.9)( 3.7)( 3.6)( 4.0)
Open Water 233.3 2.7 39 43 47 45 39 49 62 58 64
( 1.4)( 2.0)( 2.2)( 2.4)( 2.3)( 2.0)( 2.5)( 3.1)( 2.9)( 3.2)
Urban 182.8 1.7 24 27 29 27 24 30 38 35 38
(0.8)( 1.2)( 1.4)( 1.5)( 1.4)( 1.2)( 1.5)( 1.9)( 1.8)( 1.9
NEXRAD
Rainfall Est 00 00 00O 00O 00O 00O 0.0 0.0 0.0 0.0
( 0.0)( 0.0)( 0.0)( 0.0)( 0.0)( 0.0)( 0.0)( 0.0)( 0.0
URGWOM
Water Use 135 19.6 221 23.6 22.6 204 25.1 31.8 30.2 329
( 6.8)( 9.9)(11.2)( 11.9)( 11.4)( 10.3)( 12.7)( 16.1)( 15.3)( 16.6)
Wednesday April 30, 2003 11

Figure 11: Grid Cell Detail
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ET Summary Products (To-Date)
Reach 3

Plot of last 18 and 3 forecast days - Total, Agriculture, Riparian, Open Water, and Urban - also
Rain

Plot of last 18 and 3 forecast days - Total and Running Averages - also Stream gage

Click onred for Dadly Agricubhwral Crop ET Rates - Total 7085 Acres ave from the 1992 Land Use Trend Analysis:

Crop %An‘es Crop %An‘es Crop %An‘es Crop %An‘es

| Alfalfa 12619 ChiliPeppers 34 Com (252 | Grapes 3

{Melons 18 | Misc. Fruit is  Misc. Vegetables | 124 | NwseryStock | 167

{Oats 19 | Pastwegass 3246 | Sorghum 129 | Tree Fruit 259

Click onred for Daily Riparian ET Rates - Total 6747 Acres are from the 1992 Land Use Trend Analysis:

Crop Acres Crop éA(:res Crop éAcres Crop éAcres

 Bosque 15922 Mash 86 | Misc. Grass 311 Rip.Shnb | 276
 Rip. Woodland 152 | ----- PR — J— P R

Click on red for Daily Open Water ET Rates - Total 1952 Acres are from the 1992 Land Use Trend Analysis:

Click on red for Daily Urhan ET Rates - Total 2502 Acres are from the 1992 Land Use Trend Analysis:

Crop éAcres Crop
| Pavks and Golf ivigation ;1883 | Urhan hirigation

Figure 12: ET Summary Products Menu - Reach 3
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ET Summary Products (To-Date)
Albuquerque Division
OPTIONS:
Table
Plot of 1ast 18 and 3 forecast days - Total, Agriculture, Riparian, Open Water, and Urban - also
Rain

lot of last 18 and 2 forecast days — Total and Running Averages

Figure 13: ET Summary Products Menu - Albuquerque Division
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Figure 15: Reach 3 Daily Consumptive Use And Rainfall
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Figure 16: Reach 3 Daily Consumptive Use With Stream Flow And Running Averages
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Running Averages
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Printed by Tom Pruitt

Apr 24, 03 14:42 REA3.Alfalfa.txt Page 1/1
URGWOM Reach 3 (San Felipe to Cent. Ave. gage)
Daily ET Rates for Alfalfa Today is: Apr. 24, 2003
Vegetation Classification: LUTA 1992/93
Number of 4x4 km cells = 41  Number with Alfalfa = 20
Weather station(s) used:
1) ANGN Angostura, NM - MRGCD
2) CFMN Candelaria Farms Station - MRGCD
3) CFMN Candelaria Farms Station - MRGCD
Reference (Ref.) ET is averaged from above weather station(s)
Crop Coef. is averaged from above weather station(s)
Crop ET = Ref. ET x Crop Coef.
Total Water Use = Sum of cell water use
NEXRAD Rain = Sum of (cell rain x cell crop acres/12)
URGWOM Water Use = Total Water Use - NEXRAD Rain
Acres: 2819 Plant Date: Jan. 1 Termination Date: Oct. 20
Month Day Ref. Crop Crop Total NEXRAD URGWOM
(2003) ET Coef. ET Water Use Rain Water Use
(N)  (IN) (AC-FT) (AC-FT) (AC-FT)
Jan. 1 0.10 0.41 0.04 9.41 0.00 9.41
Jan. 2 0.09 0.41 0.04 8.01 0.00 8.01
Jan. 3 0.10 0.41 0.04 9.41 0.00 9.41
Jan. 4 0.11 0.41 0.05 9.41 0.00 9.41
Jan. 5 0.10 0.41 0.04 9.41 0.00 9.41
Jan. 6 0.12 0.41 0.05 10.79 0.00 10.79
Jan. 7 0.09 0.41 0.04 9.41 0.00 9.41
Jan. 8 0.09 0.41 0.04 9.41 0.00 9.41
Jan. 9 0.06 0.41 0.03 6.10 0.00 6.10
Jan.10 0.08 0.41 0.03 843 0.00 843
Jan.11 0.05 0.41 0.02 469 000 4.69
Jan.12 0.11 0.41 0.04 941 0.00 9.41
Jan. 13 0.11 0.41 0.05 10.36 0.00 10.36
Jan.14 0.10 0.41 0.04 9.41 0.00 9.41
Jan.15 0.13 0.41 0.05 11.74 0.00 11.74
Jan.16 0.12 0.41 0.05 10.79 0.00 10.79
Jan.17 0.12 0.41 0.05 10.79 0.00 10.79
Jan. 18 0.11 0.41 0.05 10.79 0.00 10.79
Jan.19 0.12 0.41 0.05 11.74 0.00 11.74
Jan.20 0.12 0.41 0.05 10.79 0.00 10.79
Jan.21 0.12 0.41 0.05 10.79 0.00 10.79
Jan.22 0.13 0.41 0.05 11.74 0.00 11.74
Jan.23 0.12 0.41 0.05 11.74 0.00 11.74
Jan.24 0.11 0.41 0.04 10.79 0.00 10.79
Jan.25 0.11 0.42 0.05 11.74 0.00 11.74
Jan.26 0.12 0.42 0.05 11.74 0.00 11.74
Jan.27 0.13 0.42 0.05 13.14 0.00 13.14
Jan. 28 0.15 0.42 0.06 1549 0.00 15.49
Jan.29 0.13 0.42 0.05 11.74 0.00 11.74
Jan.30 0.15 0.42 0.06 1549 0.00 1549
Jan.31 0.15 0.43 0.06 1549 0.00 15.49
Jan. Totals  3.46 1.43 330.19 0.00 330.19
Feb. 1 0.12 043 0.05 11.74 0.00 11.74
Feb. 2 0.19 0.43 0.08 20.18 0.00 20.18
Feb. 3 0.10 0.43 0.04 10.79 0.00 10.79
Feb. 4 0.12 043 0.05 11.74 0.00 11.74
Feb. 5 0.12 043 0.05 1269 0.00 12.69
Feb. 6 0.12 0.43 0.05 13.14 0.00 13.14
Feb. 7 0.09 0.43 0.04 941 0.00 941
Feb. 8 0.06 0.43 0.03 7.03 044 6.59
Feb. 9 0.11 0.43 0.05 12.19 0.00 12.19
Feb.10 0.12 043 0.05 13.14 0.00 13.14
Feb.11 0.11 0.43 0.05 10.79 0.00 10.79
Feb.12 0.13 0.43 0.06 14.09 0.00 14.09
Feb.13 0.07 0.44 0.03 7.03 5290 -45.87
Feb.14 0.07 0.44 0.03 843 486 357
Feb.15 0.10 0.45 0.04 941 000 9.41
Feb.16 0.10 0.45 0.04 941 0.00 9.41
Feb.17 0.15 0.45 0.07 16.44 0.00 16.44
Feb.18 0.05 0.45 0.02 562 0.77 4.85
Feb.19 0.13 0.45 0.06 14.09 0.00 14.09
Feb.20 0.02 0.45 0.01 2.34 62.26 -59.92
Feb.21 0.16 0.45 0.07 17.85 0.00 17.85
Feb.22 0.20 0.45 0.09 21.13 0.00 21.13
Feb.23 0.16 0.45 0.07 17.85 0.00 17.85
Feb.24 0.07 0.45 0.03 7.03 7.43 -0.40
Feb.25 0.13 0.45 0.06 12.69 15.23 -2.54
Feb.26 0.07 045 0.03 843 2414 -1571
Feb.27 0.11 0.46 0.05 10.36 0.01 10.35
Feb.28 0.08 0.46 0.04 843 076 7.67
Feb. Totals 3.08 1.36 323.47 168.80 154.67
Total To-Date 17.71 9.14 2151.61 530.11 1621.50
Thursday April 24, 2003 11

Figure 18: Daily ET Rates
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Figure 19: With Present Hourly Rain Matrix



23 FIGURES

Sreamiow [CFS]

Cally Consumpilive Use [CFS]

Raln [CF5)
5

1500
1000

1500
1000

Ereamicw [CFE]
BREREGH

PAST TODAY
Oyl Jage
000
S50
200
1500
1000
S0
18 1¥ 13 13 20 21 2= B3 Q00 0200 1280 1300 2400
Ciol ¥ Zan kardal Division : COC
1.0
'_'Cl.ﬂ-
= 0a
E pa
I I E o2
- 00 ryEETINIIa
17 18 19 20 21 == &3 o000 0300 1200 1300 2400
Criom| 0 Ban kardal anon
250
b= b A}
1500
1000
S0
]
i¥ 183 15 20 21 =2 23 AOR RIF ON URBE TOT
CU Type
2Zan Marcial Gage
S0
a5
MJF\.
an
a0
=5
2
18 17 183 19 20 21 &= 23 0000 0200 1200 1300 2400

Jun 20 JUn 24 20

200
2500
2200
1500
1000

FREDICTED

o |
wl
Gl |

21 & 2
Jun 200

78

Tug Jun 24 10:12:53 mst 2003

Figure 20: With Present Division Rain Matrix



23 FIGURES 79

Click on + signs for Hourly Weather 5fation Data
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Figure 21: MRGCD Weather Station Network
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Printed by AlBrower

Jun 05, 03 11:12 CFMN503.hrs.txt Page 1/1
Candelaria Farms - MRGCD CFMN
Hourly Weather Data for Last 24-Hours - 2003
Month Day Time Temp. Wind Wind Rel. Rain Solar Soil
Dir. Hum. Radiation Temp.
(MST) (F) (Mi/Hr) (Deg) (%) (in) (Mj/Sqm) (F)
June 05 10AM 75.2 05 166 45 0.00 2.74 69.0
June 05 9AM 71.2 0.7 208 52 0.00 1.97 69.0
June 05 8AM 67.8 09 240 62 0.00 1.05 69.1
June 05 7AM 65.0 3.8 240 64 0.00 0.84 69.3
June 05 6AM 60.7 25 245 71 0.00 0.25 69.6
June 05 5AM 619 26 259 67 0.00 0.01 69.9
June 05 4AM 62.1 14 289 64 0.00 0.00 70.2
June 05 3AM 66,5 4.8 116 52 0.00 0.00 70.5
June 05 2AM 67.3 57 133 53 0.00 0.00 70.8
June 05 1AM 686 6.9 103 51 0.00 0.00 71.0
June 04 12PM 70.2 5.1 123 48 0.00 0.01 714
June 04 11PM 70.9 9.1 105 48 0.00 0.01 71.7
June 04 10PM 683 3.2 186 39 0.00 0.01 721
June 04 9PM 675 1.2 217 36 0.00 0.01 725
June 04 8PM 704 03 226 35 0.00 0.01 727
June 04 7PM 789 13 216 21 0.00 0.16 729
June 04 6PM 836 6.6 188 17 0.00 0.82 729
June 04 5PM 839 11.2 248 13 0.00 0.37 727
June 04 4PM 869 6.8 284 16 0.00 1.60 723
June 04 3PM 86.1 56 246 16 0.00 150 714
June 04 2PM 86.9 6.2 273 18 0.00 277 70.2
June 04 1PM 86.0 4.2 209 23 0.00 344 69.1
June 04 12AM 83.2 2.6 163 29 0.00 341 68.2
June 04 11AM 81.0 04 187 32 0.00 3.24 675
Thursday June 05, 2003 11

Figure 22: MRGCD Hourly Weather Data
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RicG window with 12x1Zkm NCEP grid
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Figure 23: 12-km NCEP Grid (Eta Cell) For The Middle Rio Grande
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BelenN window with 12x1Zkm MNCEF grid
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Figure 24: 12-km NCEP Grid For Belen North

82




23 FIGURES 83

]
E‘F=Dsfi§ﬁl DT 1$ cn =
TiiaKakeR summﬂr,r

_______ L___ o S .,

I
||:|=f—— Rwer Rauch| 4 Sumrnuhr'y

||:|<H|sior|ic Hwer Rlach 4 SuEmcr}r

e T

| Reach 4
| |
| | Reach Slogeg 'I‘D

;__-:,':Q_E,?__ I____L_,_l____L
- | | | !
l I|:|<:—— Ftsﬂrer Resachl5 i]ék,@l A
I pmmary _ il T
| I |:|< Historiz River _L\E_I T '_E’_ b

_ReuEhh | 4 . !

I

|

|
B —

25 .5 "5 1" 1.2561.51.75 2" 2.5 2" 47 8" 10 o=

Figure 25: MRGCD Belen South Division (Diversion) - AWARDS



23 FIGURES 84

Stg3MGRRENmsg lIlh'r-s

— 05 .1 .25 .5 .75 17 1.251.51.752" 2.8 37 4" 5" 10 «

Figure 26: New Mexico, Texas, and Oklahoma Radar Coverage



85

23 FIGURES

72

1X)'uonenbauewuad

€002 ‘9¢ aunc AepsinyL

pua
uinal
LE6E0'5019 = 017

(Aepyui) 18 82ualajal pulq 2
"0T«(1U/039) = 012

(Aep/wiw) 18 82udI8j8l pulH 2
(pdagpuim,((ewweb+eysp)rewureb)) g
+(ulx((ewweb+eyap)reysp)) = 018

(Rep/zxxWo/[eo) 18 80usIjal pUI4 O
1+(898T¥0°0/aN[eA IS.(0page-0'T):56')=Ul
Aep/z,woyj[ed) o
Kepyz,w/lw ui s en[eA™Is a1aym UoneIpel Jejos 1au puld 9
((wzpumyz900'0)+0 T)¥9E'ST = Jpuim
(Repjwny) uonduny puim put4 o
(2 4xlSL €N TspUIM) = WZpuIm
(Repjuy) o
SI918W G/ '€ Je S| JUBLINJISUI SSWNSSE - SIalaW g Je paads puim pui4 o
72/100°x'00798x3N[A IM = WHpUlm
Jy/wy| 01 puodas/sialawl woij peads puim abelane L8AUOD 2
(IY+229°0)/(1d,do) = ewured
JUBISU0D dLIBWOoIYIAsd pulq 9
(A319,G50T°0)-0'€TOT = 4d
(qui) s1s18W Ul S| UoNeAd|S UBYM ainssaid puid 2
(Bre1,T5°0)-0'56S = U
(6/1e2) uoneziloden jo 1eay juale| pui4 9
(2v£0000°0 ~ L+x(2208'0+BA€LBEL00°0)+¥0650 0)«6E98'EE = BIIP
(D Bap/qu) annd ainssaid Joden payeinyes ayi jo adojs pui4 9
“z/(uin+xewn)=baey
ainyeladwsa) abelane pul4 9
TedA-TsdA = yipda
(qu) ainyesadwsa} ueaw Je ainssaid loden [enjoe pue 2
ainjesadwa) uesw Je ainssaid JodeA pajeinies usamiaq a2uIBYIP puld 2
“2/(C00T/xewylwdas) + ('00T/ulylewdas)) = TedA
(qu) ainyesadwsa} ueaw Je ainssaid lodea [enjoe puiq 2
0°z/(ewdAs+iwdas) = Tsda
(qu) ainyesadwa) ueaw ye ainssaid Joden pajeinies pui4 9
(e Lez+unum) (Ui, z 2 T))dx2,80T°9 = lwdAs
(quw) ainssaid Jodea pajeinies wnwiuiw puiq 9
(€' Lez+xewn)/(xew,/z'/T))dxa,80T'9 = ewdAs
(qu) ainssauid Jodea pajeinres wnwixew pui4 o
2

SuONEIND[ed WIoHad 9
b)

V9=l

(Kep/z,woy/ed) uoieipes anem Buo o
Zve =do

(evwoyD Bapyred) Jre Jo yeay dy1oads o
TZ'=0paqpe

IV 1+£S0°0+20°0 JUSI21)800 UOII3|8Y I

2

az|fenu) o
9
,UOWIW09°13431, pNjoul
Zs10419 19631

uonelpel Jejos Aepzywysajnofefaw nduj anfea”Is
paads pum 29s/w Indu| anfeA Im

Aupiwuny aAlrejas wnwiuiw % Induj  ulys
Aupiuny aAirejas winwixew 0 Induj  xewys
ainjesadws) wnwiuiw o'bep ndup  uwn
ainjesadwa) wnwixew o'Bep ndu;  xewy
uoneas|a w indup  Aspe

uonduosaqg SIun anjeA  awen 9

2

[SNSNCRCNININENT)

sanfeA indu Jo s 9
2
"0002 ‘9T YdoIey uo 2
Jizemeg wifes Aq papinoid se ‘AlISIaAIUN a7elS 02IXaN MAN 8yl Je 2
siwwres pa] g Agq palyipow se uonenbs uewuad payipow ay) i siyl 2
sselb 0} padualael ‘(113) 18 9ouaIa)al 40} uonenbs s,uewuad 9
2
s1Aqdie aunnoigns

2/z abed

1Xyuonenbauewuad €1:8 20 ‘TE uer

2/T 9bed 1IXyuonenbauewuad €1:8 20 ‘TE uer

Jamolgly Aq paiund

ion

Penman Reference ET Equat

Figure 27



Printed by AlBrower

Jun 22, 00 13:20 limits Page 1/1
Station Crop num Crop name Jan. Feb. Mar. April My June July Aug. Sep. OCct. Nov. Dec.

LLZN 1 Alfalfa .11 .19 .27 .30 .24 .15 .09

LLZN 2 Past Gr ass .10 .16 .22 .25 .21 .14 .08

LLZN 3 Sor ghum .06 .14 .26 .20 10

LLZN 4 Wheat .04 .12 .26 L1

LLZN 5 Corn 09 .13 .25 .24 16

LLZN 6 Chili Pep .01 .09 .23 .18 .01

LLZN 7 Grapes .06 .13 .20 .21 .17 .10 .05

LLZN 33 M sc Vegs .05 .08 .14 .27 26 .15 .08
Wednesday June 11, 2003 1/1

Figure 28: Limited ET As Calculated At The Luis Lopez Station
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Figure 29: Alfalfa Curve

Alfalfa
1.50
1.40
1.30
1.20
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1.00
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B
=
% 0.70
§ 0.60
0.50
0.4
0.30
0.20
0.10
0.00
0 400 800 1200 1600 2000 2400 2800 3200 3600 4000
Growing Degree Days
Polynominal Function for Alfalfa
= 0.41E+00 + 0.111E-02(GDD) + -0.425E-06(GDD)**2 +
0.356E-10(GDD)**3 +  0.000E+00(GDD)**4 +
0.000E+00 (GDD) **5
Base Temperature (deg. C) = 5.0
Kc GDD Kc GDD Kc GDD Kc GDD Kc GDD Kc GDD
0.41 600 0.93 1200 1.19 1800 1.23 2400 1.11 3000 0.87 3600
0.46 650 0.96 12560 1.20 1850 1.23 2450 1.10 3050 0.85 3650
0.51 700 0.99 1300 1.21 1900 1.22 2500 1.08 3100 0.82 3700
0.56 750 1.01 1350 1.22 1950 1.22 2550 1.06 3150 0.80 3750
0.61 800 1.04 1400 1.22 2000 1.21 2600 1.04 3200 0.77 3800
0.66 850 1.06 1450 1.23 2050 1.20 2650 1.02 32560 0.75 3850
0.70 900 1.09 1500 1.23 2100 1.19 2700 1.00 3300 0.72 3900
0.74 950 1.11 1550 1.24 2150 1.18 2750 0.98 3350 0.69 3950
0.78 1000 1.13 1600 1.24 2200 1.17 2800 0.96 3400 0.67 4000
0.82 1050 1.14 1650 1.24 2250 1.16 2850 0.94 3450 0.64
0.86 1100 1.16 1700 1.24 2300 1.14 2900 0.92 3500 0.61
0.89 1150 1.17 1750 1.24 2350 1.13 2950 0.89 3550 0.58

550

Curve developed by New Mexico State University
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Figure 30: Corn Curve
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Polynominal Function for Corn
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Curve developed by New Mexico State University
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Figure 31: Cotton Curve

Cotton
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Growing Degree Days

Polynominal Function for Cotton
Kc = 0.42E-03 + 0.120E-02(GDD) +  0.462E-06(GDD)**2 +
-0.577E-09(GDD)**3 +  0.000E+00(GDD)**4 +
0.000E+00 (GDD) **5

Max. Cutoff Temperature (deg. C) = 30.0

Min. Cutoff Temperature (deg. C) = 12.0

Base Temperature (deg. C) = 12.0

GDD Kc GDD Kc GDD Kc GDD Kc
0 0.00 600 0.76 1200 1.11 1800 0.29
50 0.06 650 0.82 1250 1.10 1850 0.15

100 0.12 700 0.87 1300 1.07

150 0.19 750 0.92 1350 1.04

200 0.25 800 0.96 1400 1.00

250 0.32 850 1.00 1450 0.95

300 0.39 900 1.03 1500 0.89

350 0.45 950 1.06 1550 0.82

400 0.52 1000 1.09 1600 0.74

450 0.58 1050 1.10 1650 0.65

500 0.64 1100 1.11 1700 0.54

550 0.70 1150 1.11 1750 0.42

Curve developed by New Mexico State University
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Figure 32: Grape Curve

Grapes
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Polynominal Function for Grapes

Kc = -0.91E-01 + 0.881E-03(GDD) + -0.150E-06(GDD)**2 +
-0.300E-10(GDD)**3 +  0.000E+00(GDD) **4 +
0.000E+00 (GDD) **5

Max. Cutoff Temperature (deg. C) = 30.0
Min. Cutoff Temperature (deg. C) 10.0
Base Temperature (deg. C) = 10.0

GDD  Kc GDD  Kc GDD  Kc

150 0.04 750 0.47 1350 0.75
200 0.08 800 0.50 1400 0.77
250 0.12 850 0.53 1450 0.78
300 0.16 900 0.56 1500 0.79
350 0.20 950 0.59 1550 0.80
400 0.24 1000 0.61 1600 0.81
450 0.27 1050 0.63 1650 0.82
500 0.31 1100 0.66 1700 0.83
550 0.34 1150 0.68

600 0.38 1200 0.70

650 0.41 12560 0.72

700 0.44 1300 0.74

Curve developed by New Mexico State University
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Monthly Coefficients for Melons
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Figure 33: Melon Curve
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Figure 34: Misc. Fruit Curve

Misc. Fruit
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Figure 35: Nursery Stock Curve

Nursery Stock
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Figure 36: Pecan 1000 Curve

Pecan 1000
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Growing Degree Days

Polynominal Function for Pecan 1000

Kc = 0.18E+00 + 0.569E-04(GDD) +  0.140E-06(GDD)**2 +
-0.621E-10(GDD)**3 +  0.000E+00 (GDD) **4 +
0.000E+00 (GDD) **5

Min. Cutoff Temperature (deg. C) = -4.0
Base Temperature (deg. C) = 15.5

GDD Kc GDD Kc GDD Kc GDD Kc GDD Kc
0 0.18 600 0.25 1200 0.34 1800 0.37 2400 0.26
50 0.18 650 0.26 12560 0.34 1850 0.37 2450 0.24

100 0.18 700 0.26 1300 0.35 1900 0.36 2500 0.22

150 0.19 750 0.27 1350 0.36 1950 0.36

200 0.19 800 0.28 1400 0.36 2000 0.35

2560 0.20 850 0.29 1450 0.36 2050 0.35

300 0.20 900 0.30 1500 0.37 2100 0.34

350 0.21 950 0.30 1550 0.37 2150 0.33

400 0.22 1000 0.31 1600 0.37 2200 0.32

450 0.22 1050 0.32 1650 0.37 2250 0.31

500 0.23 1100 0.33 1700 0.37 2300 0.29

550 0.24 1150 0.33 1750 0.37 2350 0.28

Curve developed by New Mexico State University
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Figure 37: Pecan 2000 Curve

Pecan 2000
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Polynominal Function for Pecan 2000

Kc = 0.25E+00 + 0.305E-03(GDD) +  0.461E-06(GDD)**2 +
-0.297E-09(GDD)**3 +  0.000E+00 (GDD) **4 +
0.000E+00 (GDD) **5

Min. Cutoff Temperature (deg. C) = -4.0
Base Temperature (deg. C) = 15.5

GDD Kc GDD Kc GDD Kc GDD Kc
0 0.25 600 0.53 1200 0.76 1800 0.56
50 0.26 650 0.56 1260 0.77 1850 0.51

100 0.28 700 0.58 1300 0.77 1900 0.45

150 0.30 750 0.61 1350 0.77 1950 0.39

200 0.32 800 0.63 1400 0.76 2000 0.32

2560 0.35 850 0.66 1450 0.75 2050 0.25

300 0.37 900 0.68 1500 0.74 2100 0.17

350 0.40 950 0.70 1550 0.72 2150 0.08

400 0.42 1000 0.72 1600 0.70

450 0.45 1050 0.73 1650 0.67

500 0.48 1100 0.74 1700 0.64

550 0.50 1150 0.75 1750 0.60

Curve developed by New Mexico State University



23 FIGURES

Figure 38: Pecan 3000 Curve

Pecan 3000
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Polynominal Function for Pecan 3000

Kc = 0.32E+00 + 0.531E-03(GDD) +  0.724E-06(GDD)**2 +
-0.484E-09(GDD)**3 +  0.000E+00 (GDD) **4 +
0.000E+00 (GDD) **5

Min. Cutoff Temperature (deg. C) = -4.0
Base Temperature (deg. C) = 15.5

GDD Kc GDD Kc GDD Kc GDD  Kc
0 0.32 600 0.79 1200 1.16 1800 0.79
50 0.34 650 0.83 12560 1.17 1850 0.71

100 0.38 700 0.88 1300 1.17 1900 0.62

150 0.41 750 0.92 1350 1.16 1950 0.52

200 0.45 800 0.96 1400 1.15 2000 0.40

2560 0.49 850 0.99 1450 1.13 2050 0.28

300 0.53 900 1.03 1500 1.11 2100 0.14

350 0.57 950 1.06 16560 1.08

400 0.61 1000 1.09 1600 1.04

450 0.66 1050 1.11 1650 0.99

500 0.70 1100 1.13 1700 0.93

550 0.75 1150 1.15 1750 0.87

Curve developed by New Mexico State University
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Figure 39: Pecan 4000 Curve

Pecan 4000
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Polynominal Function for Pecan 4000

Kc = 0.29E+00 + 0.111E-02(GDD) +  0.185E-06(GDD)**2 +
-0.323E-09(GDD)**3 +  0.000E+00 (GDD) **4 +
0.000E+00 (GDD) **5

Min. Cutoff Temperature (deg. C) = -4.0
Base Temperature (deg. C) = 15.5

GDD  Kc GDD  Kc GDD  Kc GDD  Kc
0 0.29 600 0.96 1200 1.33 1800 1.01
50 0.35 650 1.00 12560 1.34 1850 0.93
100 0.41 700 1.05 1300 1.34 1900 0.85
150 0.46 750 1.09 1350 1.33 1950 0.77
200 0.52 800 1.13 1400 1.32 2000 0.67
2560 0.58 850 1.17 1450 1.31 2050 0.56
300 0.63 900 1.21 1500 1.28 2100 0.45
350 0.69 950 1.24 1660 1.26 2150 0.32
400 0.75 1000 1.26 1600 1.22 2200 0.19
450 0.80 1050 1.29 1650 1.18 2250 0.05
500 0.85 1100 1.31 1700 1.13
550 0.91 1150 1.32 1750 1.07

Curve developed by New Mexico State University
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Figure 40: Pinto Beans Curve
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Figure 41: Sorghum Curve

Sorghum
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Polynominal Function for Sorghum

Kec = 0.89E-01 + 0.159E-02(GDD) + -0.746E-06(GDD)**2 +
-0.836E-12(GDD)**3 +  0.000E+00(GDD)**4 +
0.000E+00 (GDD) **5

Base Temperature (deg. C) = 7.0
GDD  Kc GDD  Kc GDD  Kc

0 0.09 600 0.77 1200 0.92
50 0.17 650 0.81 1250 0.91
100 0.24 700 0.84 1300 0.89
150 0.31 750 0.86 1350 0.87
200 0.38 800 0.88 1400 0.85
250 0.44 850 0.90 1450 0.82
300 0.50 900 0.92 1500 0.79
350 0.55 950 0.93 1550 0.76
400 0.61 1000 0.93 1600 0.72
450 0.65 1050 0.94 1650 0.68
500 0.70 1100 0.93 1700 0.63
5560 0.74 1150 0.93

Curve developed by New Mexico State University
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Figure 42: Spring Barley Curve
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Figure 43: Tree Fruit Curve
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Figure 44: Turf-Park Curve
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Polynominal Function for Turf-Park
Kc = 0.65E+00 +  0.000E+00(GDD) +  0.000E+00(GDD)**2 +
0.000E+00(GDD)**3 +  0.000E+00(GDD)**4 +
0.000E+00 (GDD) **5
Base Temperature (deg. C) = 5.0
GDD Kc GDD Kc GDD Kc
0 0.65 600 0.65 1200 0.65
50 0.65 650 0.65 1250 0.65
100 0.65 700 0.65 1300 0.65
150 0.65 750 0.65 1350 0.65
200 0.65 800 0.65 1400 0.65
2560 0.65 850 0.65 1450 0.65
300 0.65 900 0.65 1500 0.65
350 0.65 950 0.65 16560 0.65
400 0.65 1000 0.65 1600 0.65
450 0.65 1050 0.65 1650 0.65
500 0.65 1100 0.65 1700 0.65
5560 0.65 1150 0.65

Curve developed by New Mexico State University
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Figure 45: Wheat Curve
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Figure 46: Wheat>1300 GDD Curve

Wheat > 1300 GDD
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T

0.20
0.10
0.00

1200 1400 1600 1800 2000 2200 2400 2600 2800 3000
Growing Degree Days

Polynominal Function for Wheat > 1300 GDD

Kc = -0.19E+01 + 0.228E-02(GDD) + -0.447E-06(GDD)**2 +
0.000E+00(GDD)**3 +  0.000E+00(GDD)**4 +
0.000E+00 (GDD) **5

Max. Cutoff Temperature (deg. C) = 27.0
Min. Cutoff Temperature (deg. C) = 4.0
Base Temperature (deg. C) = 4.0
GDD  Kc GDD  Kc GDD  Kc
1300 0.28 1900 0.79 2500 0.98
1350 0.33 1950 0.82 2550 0.98
1400 0.39 2000 0.84 2600 0.98
1450 0.44 2050 0.87 2650 0.97
1500 0.48 2100 0.89 2700 0.97
1650 0.53 2150 0.91 2750 0.96
1600 0.57 2200 0.92 2800 0.95
1650 0.62 2250 0.94 2850 0.94
1700 0.65 2300 0.95 2900 0.92
1750 0.69 2350 0.96 2950 0.91
1800 0.73 2400 0.97 3000 0.89
1850 0.76 2450 0.97

Curve developed by New Mexico State University
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Figure 47: Open Water Curve

Open Water
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0.80 /./. W
0.70 /'
0.60 /

\

oe
e
h
=

Coefficient (Kc)
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0.20
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0.00 T T T T T T T T T T T
Jan  Feb Mar Apr May Jun Jul Aug  Sep Oct Nov Dec
Month

Monthly Coefficients for Open Water

Month Crop Coefficient (Kc)
January 0.52
February 0.57
March 0.67
April 0.79
May 0.84
June 0.89
July 0.89
August 0.85
September 0.89
October 0.86
November 0.87
December 0.57

Data from Jensen,M.E., (1998)
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Figure 48: Bosque Average Curve

Bosque - Average of Cottonwood and Salt Cedar
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2:331/

200 400 600 800 1000 1200 1400 1600 1800
Growing Degree Days

Coefficient (Kc)

Polynominal Function for Bosque

The Bosque uses an average of the Kc calculated from the
Cottonwood and Salt Cedar polynominal functions. Refer to
them. In May, June, and July, the Kc is set to 1.00

GDD  Kc GDD  Kc GDD  Kc
0 0.08 600 0.77 1200 0.84
50 0.19 650 0.78 1250 0.81

100 0.29 700 0.80 1300 0.76

150 0.38 750 0.82 1350 0.70

200 0.46 800 0.83 1400 0.61

250 0.52 850 0.84 1450 0.50

300 0.58 900 0.85 1500 0.35

350 0.62 950 0.87 1550 0.16

400 0.66 1000 0.87

450 0.66 1050 0.87

500 0.72 1100 0.87

550 0.74 1150 0.86

Curve developed by New Mexico State University
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Figure 49: Cottonwood Curve

Cottonwood
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Coefficient

200 400 600 800 1000 1200 1400 1600 1800
Growing Degree Days

Polynominal Function for Cottonwood

Kec = 0.12E+00 +  0.225E-02(GDD) + -0.506E-05(GDD)**2 +
0.585E-08(GDD) **3 + -0.279E-11(GDD)**4 +
0.338E-15(GDD) **5

Min. Cutoff Temperature (deg. C) = 15.5
Base Temperature (deg. C) = 15.5

GDD  Kc GDD  Kc GDD  Kc
0 0.12 600 0.58 1200 0.70
50 0.22 650 0.59 12560 0.67

100 0.30 700 0.61 1300 0.63

150 0.36 750 0.63 1350 0.58

200 0.41 800 0.64 1400 0.50

250 0.45 850 0.66 1450 0.41

300 0.48 900 0.68 1500 0.30

350 0.50 950 0.70 1550 0.16

400 0.52 1000 0.71

450 0.53 1060 0.72

500 0.55 1100 0.72

550 0.56 1150 0.71

Curve developed by New Mexico State University
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Min. Cutoff Temperature (deg. C) =

FIGURES
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Figure 50: Salt Cedar Curve
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Curve developed by New Mexico State University
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Figure 51: Marsh Curve

Marsh

S S S———
1.10 /

Jan Feb Mar Apr May Jun Jul Aug  Sep Oct Nov Dec
Month

Monthly Coefficients for Marsh

Month Crop Coefficient (Kc)
January 0.25
February 0.25
March 0.28
April 1.15
May 1.15
June 1.15
July 1.15
August 1.15
September 1.15
October 1.00
November 0.25
December 0.25

Data from Jensen,M.E., (1998)
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Click on 4 (USGS) ::md ¥ (MRGCD) for Strearmn Flow Products
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Figure 54: Stream Flow Products
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YALLEY CROSS SECTIONS

SAN FELIPE
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Figure 55: MRGCD North Schematic
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Updated: June 25 10:320 mst 2003
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Figure 56: MRGCD South Schematic
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COACH - COARALES MAIN CAMAL
updated through Sep 17 10:30 mst 2003

100 — Discharge

e

50— Helg ht

Streamflow, In Cuble Feet per Second
BB &5 8 8 4 8

g 20 _\_ﬁ

28 29 W31 1 2 3 4 5 6 7 8 9 10111213 14 15 16 17
AugiSep 2003

Figure 57: Corrales Main Canal Gage Station
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Printed by AlBrower

Sep 17, 03 12:19 CORCN.gage Page 1/1
Gage Information — CORCN - CORRALES MAIN CANAL
Year 2003

Month Day Time Height Discharge
(mst) (ft) (cfs)

Sep 1030 1.95 45
Sep 1000 1.97 46
Sep 930 1.97 46
Sep 900 1.97 46
Sep 830 1.98 46
Sep 800 1.97 46
Sep 730 1.98 46
Sep 700 1.97 46
Sep 630 1.97 46
Sep 600 1.98 46
Sep 530 1.97 46
Sep 500 1.98 46
Sep 430 1.98 46
Sep 400 1.98 46
Sep 330 1.97 46
Sep 300 1.97 46
Sep 230 1.97 46
Sep 200 1.97 46
Sep 130 1.95 45
Sep 100 1.95 45
Sep 30 1.96 45
Sep 0 198 46
Sep 2330 197 46
Sep 2300 1.97 46
Sep 2230 1.97 46
Sep 2200 1.97 46
Sep 2130 1.96 45
Sep 2100 1.94 44
Sep 2030 1.90 42
Sep 2000 1.84 40
Sep 1930 1.67 32

1900 1.67 32
1830 1.58 29
1800 1.44 23
1730 1.25 17
1700 1.12 14
1630 1.15 15
1600 1.20 16
1530 1.22 17
1500 1.29 19
1430 1.36 21
1400 1.42 23
1330 1.44 23
1300 1.43 23
1230 1.36 21
1200 1.01 11

(%]
D
©
00 00 00 00 00 0O 00 0O 0O O 0O CO 0O 0O 0O OO CO 0O 00 0O 00 0O 00 0O 0O 0O KO O 0O CO CO KO CO MO O O P O WP PV W W WV W WV W WV W VW WV WVWWVWVWWVWVWWVWWOWWYWWY

Sep 1130 0.22 1
Sep 1100 0.29 1
Sep 1030 0.37 2
Sep 1000 0.09 0
Sep 930 0.09 0
Sep 900 0.10 0
Sep 830 0.11 0
Sep 800 0.11 0
Sep 730 0.13 0
Sep 700 0.13 0
Sep 630 0.14 0
Sep 600 0.15 0
Sep 530 0.15 0
Sep 500 0.16 0
Sep 430 0.16 0
Sep 400 0.16 0
Sep 330 0.17 1
Thursday September 18, 2003 11

Figure 58: Corrales Main Canal Gage Information
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Streamflow, In CFS

Dally Consumptive Use (CFS)

SFPXC - Cross Sectlon at San Fellpe
updated through Sep 16 05:30 mst

3000 _ SFPN5 CMCCHN

150
100
50

=

29 a0 M

1

{ET)5-Day (ET)10-Day

2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18
AugiSep 2003

Figure 59: Valley Cross Section



FIGURES 118

Printed by AlBrower

Sep 17, 03 12:20 SFPXC.gage Page 1/1
Gage Information — SFPXC - Cross Section at San Felipe
Year 2003
Month Day Time SFPN5 CMCCN TOTAL DaAvg

(mst) (cfs) (cfs) (cfs) (cfs)

Sep 9 530 592 M 592 588
Sep 9 500 582 M 582
Sep 9 430 592 M 592
Sep 9 400 582 M 582
Sep 9 330 592 M 592
Sep 9 300 582 M 582
Sep 9 230 582 M 582
Sep 9 200 602 M 602
Sep 9 130 582 M 582
Sep 9 100 592 M 592
Sep 9 30 592 M 592
Sep 9 0 592 M 592
Sep 8 2330 582 M 582 591
Sep 8 2300 592 M 592
Sep 8 2230 592 M 592
Sep 8 2200 592 M 592
Sep 8 2130 582 M 582
Sep 8 2100 592 M 592
Sep 8 2030 592 M 592
Sep 8 2000 582 M 582
Sep 8 1930 582 M 582
Sep 8 1900 572 M 572
Sep 8 1830 582 M 582
Sep 8 1800 592 M 592
Sep 8 1730 582 M 582
Sep 8 1700 572 M 572
Sep 8 1630 592 M 592
Sep 8 1600 582 M 582
Sep 8 1530 572 M 572
Sep 8 1500 582 M 582
Sep 8 1430 582 M 582
Sep 8 1400 592 M 592
Sep 8 1330 602 M 602
Sep 8 1300 592 M 592
Sep 8 1230 602 M 602
Sep 8 1200 602 M 602
Sep 8 1130 592 M 592
Sep 8 1100 602 M 602
Sep 8 1030 602 M 602
Sep 8 1000 602 M 602
Sep 8 930 613 M 613
Sep 8 900 602 M 602
Sep 8 830 592 M 592
Sep 8 800 592 M 592
Sep 8 730 602 M 602
Sep 8 700 592 M 592
Sep 8 630 602 M 602
Sep 8 600 602 M 602
Sep 8 530 613 M 613
Sep 8 500 602 M 602
Sep 8 430 602 M 602
Sep 8 400 602 M 602
Sep 8 330 592 M 592
Sep 8 300 592 M 592
Sep 8 230 592 M 592
Sep 8 200 592 M 592
Sep 8 130 592 M 592
Sep 8 100 582 M 582
Sep 8 30 592 M 592
Sep 8 O 572 M 572
Sep 7 2330 582 M 582 518

Thursday September 18, 2003 11

Figure 60: Gage Information - Valley Cross Section at San Felipe
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Streamflow, In CFS
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COCDY - Total Cochltl Diverslon
updated through Sep 16 04:00 mst 2003
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AugiSep 2003

Figure 61: Total Cochiti Diversion
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Printed by AlBrower

Sep 09, 03 13:51 COCDV.gage Page 1/1

Gageing Information - COCDV - Total Cochiti Diversion
Year 2003

Month Day Time SILN5S CCCN5 TOTAL DaAvg
(mst) (cfs) (cfs) (cfs) (cfs)

Sep 9 800 44 71 115 115
Sep 9 730 44 71 115
Sep 9 700 44 71 115
Sep 9 630 44 71 115
Sep 9 600 44 71 115
Sep 9 530 44 71 115
Sep 9 500 44 71 115
Sep 9 430 44 71 115
Sep 9 400 44 71 115
Sep 9 330 44 71 115
Sep 9 300 44 71 115
Sep 9 230 44 71 115
Sep 9 200 44 72 116
Sep 9 130 44 71 115
Sep 9 100 44 71 115
Sep 9 30 44 71 115
Sep 9 0 44 71 115
Sep 8 2330 44 71 115 111
Sep 8 2300 44 71 115
Sep 8 2230 44 71 115
Sep 8 2200 44 71 115
Sep 8 2130 44 71 115
Sep 8 2100 45 71 116
Sep 8 2030 44 71 115
Sep 8 2000 44 71 115
Sep 8 1930 44 71 115
Sep 8 1900 44 71 115
Sep 8 1830 44 71 115
Sep 8 1800 44 71 115
Sep 8 1730 44 72 116
Sep 8 1700 45 72 117
Sep 8 1630 44 72 116
Sep 8 1600 45 72 117
Sep 8 1530 44 72 116
Sep 8 1500 44 72 116
Sep 8 1430 44 72 116
Sep 8 1400 44 72 116
Sep 8 1330 45 72 117
Sep 8 1300 44 72 116
Sep 8 1230 44 72 116
Sep 8 1200 44 72 116
Sep 8 1130 45 72 117
Sep 8 1100 45 72 117
Sep 8 1030 44 72 116
Sep 8 1000 44 71 115
Sep 8 930 44 71 115
Sep 8 900 45 72 117
Sep 8 830 44 72 116
Sep 8 800 31 72 103
Sep 8 730 31 72 103
Sep 8 700 31 72 103
Sep 8 630 31 72 103
Sep 8 600 31 72 103
Sep 8 530 31 72 103
Sep 8 500 31 72 103
Sep 8 430 31 72 103
Sep 8 400 31 72 103
Sep 8 330 31 72 103
Sep 8 300 31 72 103
Sep 8 230 31 71 102
Sep 8 200 31 72 103
Sep 8 130 31 72 103
Sep 8 100 31 71 102
Tuesday September 09, 2003 11

Figure 62: Cochiti Diversion Gage Information
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Gage Station Products in Northern New Mexico

OPTIONS (Under Development Prototypes):

LOBC2 - Rio Grande near Lobatas, CO: Plots and Table

RLPNS5 - Rio Chama near La Puente: Plots and Table

ELVNS - El Vado Dam Storage & Elevation: Plots and
Table

RCENS35 - Rio Grande below El Vado: Plots and Table

RCANS - Rio Chama above Abiquiu Dam: Plots and Table

ABINS - Abiquiu Reservoir Storage & Elevation: Plots
and Table

AICNS - Rio Chama below Abiquiu Dam: Plots and Table

RCOPS - Rio Chama Operations: Plots and Table

EMBNS35 - Rio Grande at Embudo: Plots and Table

OTWNS - Rio Grande below Otowi Bridge, near San
Idlefonso: Plots and Table

Figure 63: Stream Products Menu
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WEATHER DATA

A. FORECAST

40km E from the National nter for Environmen

Table file List of latest 40 km Eta forecast
containing desired 40 km Eta files weather file from
40 km cells program alparamall.x

! ! !

Script eta40km.s

e Runs programs etaet.x which
creates instruction file for
selecting GRIB grids from Eta / \
output Program forecast40km.e

@ Runs program unpkgrbl.x which
unpacks the records in a GRIB file o Creates, for each 40 km Eta cell, a file of weather

e Runs program alparamall.x which fF—% forecast and calculated reference ET based on
creates Eta 40km file the NMSU modified Penman equation

o (The above three programs are
maintained separately from the
AWARDS/ET Toolbox) k /

e Runs program forecast40km.e

e Generates tar and bzip versions of l

the SFfiles over 3-days old
@ Generates bzip versions of the

cls1 files over 3-days old A file of forecast weather for each 40 km Eta

cell file (currently not used - replaced by 12 km Eta)

Figure 64: Flow Diagram of Weather Data, Page 1 - Forecast 40 km Eta data from the
National Center for Environmental Prediction - Used for Soundings
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WEATHER DATA
A. FORECAST

2. 12km Eta data from the National Center for Environmental Prediction

Parameter file List of latest 12 km Eta forecast
containing desired 12 km Eta cells weather files from
12 km cells program alparamall.x
Scriptetal2km.s
e Runs programs etaet12.x which \I/ \I/ \I/
creates instruction file for
selecting GRIB grids from Eta l
output
@ Runs program unpkgrb.x / \
which unpacks the records in a
GRIB file Program forecastl12km.e
® Runs program alparamall12.x
which creates Eta 12 km file e Creates, for each 12 km Eta cell, a file of forecast
o (The above three programs are » weather
maintained separately from the
AWARDS/ET Toolbox)
e Creates listing of latestEta files
e Runs program forecastl2km.e k /
for New Mexico
e Runs program forecastl2km.e
for Washington
@ Generates tar and bzip versions
of the Tooz files
A file of forecast weather for each 12 km Eta

cell, used by program wxstn.py for alternate daily
weather, and used by program refet.e for
forecasting 3-day ET

Figure 65: Flow Diagram of Weather Data, Page 2 - Forecast 12 km Eta data from the
National Center for Environmental Prediction
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WEATHER DATA
B. REAL-TIME

1. Weather Data from New Mexico State University Climate Center NMSUCC

NMSUCC daily weather files for each WX
Scriptnmsu.wx.s l
@ Gets NMSUCC daily weather at 30
minutes after 4 and 10 AM
e Changes the file format using program
dal2sum.py | I
o Changes some of the file names Program dal2sum.py
® Runs program wxstn.py
e Generates NMSUCC precip. file for e Converts the data format
mapping <4———| from NMSUCC standard
to ET Toolbox standard

' \___

Program wxstn.py

g4——— NMSUCC daily weather files for each WX
e Does range checks on

<€— NMSUCC alternate station file
the weather data
e Substitutes alternate . ] )
stations for bad or <— NEXRAD rainfall file for each window
missing data

4——— Alternate weather files and Eta 12km

N 2

Updated NMSUCC daily weather files for

each WX used by program refet.e which
calculates reference ET

Figure 66: Flow Diagram of Weather Data, Page 3 - Real-Time from the New Mexico
State University Climate Center (NMSUCC)
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WEATHER DATA

B. REAL-TIME

file

Scriptmrged.wx.s

@ Gets MRGCD daily weather at 12

2. Weather Data from the Middle Rio Grande Conservancy District

MRGCD Ident Old MRGCD

RGCD

List of new New MRGCD
received files daily and hourly
weather files for

daily and hourly
weather files for
foreach WX

!

each WX

! !

minutes after each hour, and
daily weather at 12 minutes after
midnight

@ Generates a list of received files
for use in program mrgcd.e

e Runs program mrgcd.e

for San Acacia WX

e Copies hourly files to WEB

e Gets OtowiiBridge and San
MarcialFloodway files from
USGS, using program pyusgs

e Plots Situation Analysis graphs

e Copies Situation Analysis graphs
to WEB

e Generates MRGCD precip. file
for mapping

/ Program wxstn.py \

o Creates backup weather
data files for each WX

e Does range checks on
the weather data

® Substitutes alternate
stations for bad or
missing data

@ Runs program wxstn.py —>
e FTP's SHEFfile to WGRFC e Updates MRGCD daily weather files for each WX
e Plots temperature/humidity graph [@———| e Creates hourly MRGCD weather files for each

Updated MRGCD WEB ready hourly Latest hour  Situation
daily weather weather SHEF file Analysis
file for each WX file for each WX  for WGRFC rain files

/—»

4 N

Program mrgcd.e

W Xfor WEB

e Creates latest hour SHEF file, containing all
WX's, for WGRFC

{Creates Situation Analysis rain files

l

)

! Voo

<J

<4—— MRGCD alternate station file

44— NEXRAD rainfall file for each window

< Alternate weather files and Eta 12km cell
files

Updated MRGCD daily weather files for each

WX used by program refet.e which

calculates reference ET

Figure 67: Flow Diagram of Weather Data, Page 4 - Real-Time from the Middle Rio
Grande Conservancy District (MRGCD)
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WEATHER DATA

B. REAL-TIME
3. Weather Data from the University of New Mexico (UNM) Sevilleta
Long-Term Ecological R rch Proj TER
UNM Ident UNM daily and hourly
file weather files for each WX

Scriptunm.wx.s l
e Gets UNM daily and hourly / \

. Program umn.e
weather at 15 minutes after 6
and 10 AM — | ¢ Creates hourly UNM Sevilleta weather files for
o Does a DOS to UNIX each WX
conversion on the received e Updates UNM Sevilleta daily weather files for
gﬁis program unm.e each WX
° .
e Creates hourly report files by < K j
truncating the hourly files to
720 hours (1-month)
e Generates UNM Sevilleta
precip. file for mapping

! !

Hourly weather files Updated UNM SEVILLETA daily weather
files, for each WX used by program
refet.e which calculates reference ET

Figure 68: Flow Diagram of Weather Data, Page 5 - Real-Time from the University of
New Mexico (UNM) Sevilleta Long-Term Ecological Research Project (LTER)
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B. REAL-TIME
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4. Weather Data from the Colorado State University Agricultural and Meteorological Network

(CoAgMe)
CoAgMetldent Old CoAgMet New CoAgMetdaily
file daily weather weatherfiles for

files for each WX each WX
Script coagmet.wx.s / \

e Gets CoAgMetdaily weather Program coagmet.e
at 18 minutes after 6 and 10
AM e Updates CoAgMetdaily weather files for each

® Runs program coagmet.e WX

o Generates CoAgMetprecip.

file for mapping

Updated CoAgMetweather files, for each
WX used by program refet.e which
calculates reference ET

Figure 69: Flow Diagram of Weather Data, Page 6 - Real-Time from the Colorado State

University Agricultural and Meteorological Network (CoAgMet)
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GAGE DATA

1 . . .

The stream flow (discharge and stage) data are from all MRGCD stations that transmit
to the MRGCD office. These include the four Rio Grande Silvery Minnow pumping
stations.

Scriptmrgcd.gage.s

o Gets the MRGCD 30-minute MRGCD gage Old MRGCD New MRGCD

gage data file at 15 minutes and Ident file gage files gage files
45 minutes after each hour, from
the MRGCD ISP

o Removes the file from the ISP

o Does a DOS to UNIX conversion \I/ \I/
on the received file v

o Removes, from the MRGCD input
gage file, all records that exceed
40 characters. These are 4
considered errors.

e Copies the MRGCD gage ident
file for use in program gage.e

e Using gage idents from the > Program gage.e
MRGCD gage ident file, extracts
individual gage data into a @ Updates MRGCD gage files

temporary file for each gage

e Runs program gage.e

o Does a UNIX to DOS conversion
on the pumping station report file

o FTP's the latest dated pumping
station report file to the
Albugquerque Area Office Sun
Computer Server

e Plots graphs for each gage, the \l/ \l/

Cochitidiversion, the six Valley
Cross Sections, the totalBelen .
and Peralta Canals atHDG, and Updated MRGCD  USBR pumping
the total ChicalLat, ChicalAce., gage files station file
and Cacique Ace.

e Copies the graphs and gage files
to WEB, and to the WEB
schematic process

Figure 70: Flow Diagram of Gage Data, Page 1 - Gage Data from the Middle Rio Grande
Conservancy District (MRGCD)
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2. Gage Data from the United States Geological Survey (USGS)

The gage data are from USGS stream flow stations. These data are received at
the MRGCD from the USACOE. Stream flow data (discharge and stage) and

reservoir storage data (storage and elevation) are included.

Scriptusgs.gage.s

@ Gets the USGS 30-minute gage
data file at 20 minutes after
midnight, 4:00 AM, 8:00 AM,
noon, 4:00 PM, and 8:00 PM,
from the MRGCD ISP

® Removes the file from the ISP

o Does a DOS to UNIX conversion
on the received file

@ Removes, from the USGS input
gage file, all records that exceed
40 characters. These are
considered errors.

@ Copies the USGS gage ident file
for use in program gage.e

@ Using gage idents from the
USGS gage ident file, extracts
individual gage data into a
temporary file for each gage

® Runs program gage.e

@ Plots graphs for each gage, the
Rio Chama Operations, the
Middle Valley Operations, and
the Middle Valley Flows

e Copies the graphs and gage files
to WEB, and to the WEB
schematic process

USGS gage Old USGS New USGS
Ident file gage files gage files

S

-

\ 4

\

Program gage.e

e Updates USGS gage files

Updated USGS gage files

129

Figure 71: Flow Diagram of Gage Data, Page 2 - Gage Data from the United States
Geological Survey (USGS)
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REFERENCE ET, CROP ET, CHARTS, ET TOOLBOX, TOOLBOX REPORTS, DAILY REPORTS, PLOTS

1. REFERENCE ET PROCESSING

This process calculates reference ET using four reference ET methods:

1) 1982 Kimberly-Penman

2) Penman Monteith

3) Modified Penman

4) NMSU Modified Penman.
Results from the four methods are placed on the ET files, although only the NMSU Modified
Penman method is used later in program cropet.e for calculating crop ET.

Parameter Names Old reference ET Daily weather files 12km Eta
file containing file containing file for each WX for each WX from cell files
W Xinfo. W Xinfo. from prior run MRGCD, NMSUCC,

and COAGMET

L ! l L

—> Program refet.e
@ Runs program refet.e
@ Adds alternate weather data e Updates existing daily reference ET files, or
where required, using program creates new files if none exist, for each WX
webstn.py . D — e Creates weather files for WEB
@ Copies the weather files to the
appropriate WEB directories
o Continues with program K /
cropet.e (see next page)
Updated reference ET files for each Daily weather
WX used by program cropet.e which files for each WX

calculates crop ET

) Program webstn.py
Web ready daily weather g

files for each WX e Adds alternate weather data where required

Figure 72: Flow Diagram of Reference ET Etc., Page 1 - Reference ET Processing
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REFERENCE ET, CROP ET, CHARTS, ET TOOLBOX, TOOLBOX REPORTS, DAILY REPORTS, PLOTS

2. CROP ET PROCESSING

This process calculates crop ET using growing degree day or monthly based crop coefficients

Parameter file Crop coefficient  Old crop ET Old daily ET Reference ET file
containing WX GDD and monthly file for each WX file for each WX for each WX from
info. files from prior run from prior run program refet.e
Scripttools (continued) l
e Runs program cropet.e / \
e FTP's the crop ET files to an —> Program cropet.e

anonymous FTP site for

access by the URGWOM n Updates existing crop ET files

team e Updates existing daily ET files, or creates new
o Continues with program files if none exist, for each WX

chart.e (see next page)

l

Updated crop ET files for each Updated daily ET
WX used by program chart.e files for each WX
that creates ET charts, program used by programs
ettool.e that creates the ettool.e and ettdaily.e

ET Toolbox files, program ettreport.e
that creates the reports, and program
ettdaily.e that creates the reach ET rate
summary files

Figure 73: Flow Diagram of Reference ET Etc., Page 2 - Crop ET Processing
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REFERENCE ET, CROP ET, CHARTS, ET TOOLBOX, TOOLBOX REPORTS, DAILY REPORTS, PLOT

3. ET CHART PROCESSIN

This process creates the crop water use charts

Scripttools (continued)

® Runs scriptchart.s
o Continues with program
ettool.e (see next page)

window names and file for each
related HRAP cells window

| !

Names file containing ~ NEXRAD rainfall QPFfile for Crop ET file

each window file for each

!

W Xfrom

program cropet.e

!

\4
Scriptchart.s

e Organizes the QPF files for /
each window
® Runs program chart.e —P>
e Copies the chart files to the
appropriate WEB directories chart file

o

Program chart.e

e Creates, for each HRAP cell, a crop water use

~

)

!

Crop water use chart files for

each HRAP cell

Figure 74: Flow Diagram of Reference ET Etc., Page 3 - ET Chart Processing
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REFERENCE ET, CROP ET, CHARTS, ET TOOLBOX, TOOLBOX REPORTS. DAILY REPORTS, PLOTS

4. ET TOOLBOX PROCESSING

This process creates the ET Toolbox files

Names file containing NEXRAD rainfall Acre file for Daily ET file, for Crop ET file, for
window names, acre file file for each each window, each WXfrom each WXfrom
names, and related HRAP window, if thisis from program program cropet.e program cropet.e
cells a real-time run acre.e (see

misc. doc.)

! b B

Note - If this is an historic run, daily weather files for each
WXare used in place of the NEXRAD files

v

Scripttools (continued) / \

Program ettool.e

R l. . .
: F#glsspt;]oegrélp ngl%%xefil es to o Creates, for each window, an ET Toolbox file

an anonymous FTP site for containing daily ET for each crop in each HRAP

access by the URGWOM cell
team
e Continues with program —
ettreport.e (see next page) K /

ET Toolbox file for each window, used
by program ettreport.e and ettdaily.e

Figure 75: Flow Diagram of Reference ET Etc., Page 4 - ET Toolbox Processing
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REFERENCE ET, CROP ET, CHARTS, ET TOOLBOX, TOOLBOX REPORTS, DAILY REPORTS, PLOTS

5. ET TOOLBOX REPORTIN

This process creates the ET Toolbox report files
Crop ET file for

each WX from
program cropet.e

Gage files that
represent the
reach or basin,

Names file containing ET Toolbox file for  Longitude-
window names each window, from Latitude file for
program ettool.e each window

from program
latlong.e

from program
gage.e

! ! ! !

Scripttools (continued)

@ Runs program ettreport.e

e Copies the ET Toolbox files
to the xmrg.s plotting
directory

e Touches a flag file to signal
the xmrg.s script to begin
generating window maps for
the WEB, on it's next timed
cycle

e Copies the ET Toolbox
report files to the appropriate
WEB directories

e Continues with program
ettdaily.e (see next page)

4 N

o Creates, for each cell, a crop report, values, and box file

o Creates, for each cell, an ET summary report

e Creates, for each window, an ET summary report for
each window, and for the Cochitito San Acacia portion
of the Rio Grande Basin

-

Program ettreport.e

! !

Box file
for each cell

Values file
for each cell,

boxes on the
maps

on the maps

Voo ! !

WEB ready crop WEB ready ET WEB ready ET WEB ready ET
report file for
for plotting values for positioning each cell

summary report
for each cell

summary report summary report

for each window for the Cochitito
to San Acacia
portion of the
Rio Grande
basin

134

Figure 76: Flow Diagram of Reference ET Etc., Page 5 - ET Toolbox Reporting
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6. ET TOOLBOX REPORTING (Cont)

This process creates the ET Toolbox daily report files

Names file containing ET Toolbox file for Reference ET file  Crop ET file for Daily ET file, for

window names each window, from for each WX from each WX from each WX from
program ettool.e program refet.e from program program cropet.e
cropet.e

Scripttools (continued)

® Runs program ettdaily.e K \

o Copies the ET Toolbox daily Program ettdaily.e
rate report files to the —>
appropriate WEB directories
e Continues with ET Toolbox e Creates, for each reach, a daily ET rate report

plotting (see next page)

\_ )

Daily ET rate report

Figure 77: Flow Diagram of Reference ET Etc., Page 6 - ET Toolbox Reporting (Cont.)
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REFERENCE ET, CROP ET, CHARTS., ET TOOLBOX, TOOLBOX REPORTS. DAILY REPORTS, PLOT

7. ET TOOLBOX REPORTING Cont)

This process creates the ET Toolbox plot files

Pyplotdefinition ET summary report for each window, and the
files for each Cochitito San Acacia portion of the Rio Grande
plot Basin, from program ettreport.e

! !

Scripttools (continued)

e Runs python scriptpyplotto
create total and running
average ET plots

e Copies the total and running
average ET plots to the
appropriate WEB directories

o Completion of the tool.s
script

Figure 78: Flow Diagram of Reference ET Etc., Page 7 - ET Toolbox Reporting (Cont.)
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MISCELLANEOUS PROCESSING

1. Acre Processing

This program is not used on a regular basis, but only when new vegetation acreage
information is available from a Geographic information Systems data base or other
source. The code will need adjustments to accommodate different input formats.

Names file Vegetation Identfile NEXRAD rainfall
file containing from GIS or (optional) file for each
window names other source window

R S B

4 )

Program acre.e

@ Creates an acres file for each window used in ET
Toolbox processing

\ | Y
!

Acres file for each window, used by program ettool.e

Figure 79: Flow Diagram of Miscellaneous Processing, Page 1 - Acre Processing
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2. Merging Acreage Files

This program is used to merge acres files that have been created from
different sources, such as the LUTA and IKONOS

Names file LUTA or BORB acres file IKONOS acres file
file containing for each window, from for each window, from
window names program acre.e program acre.e

' !

4 )

Program acremergli.e
e Creates a merged acres file for each window

from either LUTA or BORB with IKONQOS, used in
ET Toolbox processing

N Y
!

Acres file for each window, used by program ettool.e

Figure 80: Flow Diagram of Miscellaneous Processing, Page 2 - Merging Acreage Files
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3. Acreage Report

This program creates an acreage report by vegetation type for all reaches
or diversions. Totals by Agricultural, Riparian, Urban, and Open Water types are
also provided.

Names file ET Toolbox file Crop ET file, from
containing for each window, from program cropet.e
window names program ettool.e

L !

4 N

Program acresreport.e

e Creates an acreage report containing all reaches
or diversions

N Y
!

Acreage report file

Figure 81: Flow Diagram of Miscellaneous Processing, Page 3 - Acreage Report
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4. Acreage Report for Each Reach, Cell-by-Cell

This program creates an acreage report by vegetation type for each reach,
cell-by-cell, with comparisons of the vegetation sources, such as LUTA 1975
LUTA 1992, and others. Totals by Agriculture, Riparian, Valley Floor Native,

and Others, are provided.

Acres file, from program acre.e

!

-

cell-by-cell

-

Program report.e

e Creates an acreage report for each reach,

~

J

!

Acreage report file

Figure 82: Flow Diagram of Miscellaneous Processing, Page 4 - Acreage Report for Each

Reach Cell-by-cell
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MISCELLANEOUS PROCESSING

5. Creating Polynomial Coefficients from X-Y Data
Program to create the coefficients a, b, ¢, d, etc. (up to 8) for the equation y=a+bxt+cxx+dxxx+exxxx
etc., from any set of x-y data. This is useful for creating crop curves, knowing the Kcvalues (x) and

timing or Growing Degree Day values (y). The program uses a least-squares curve fitting
procedure.

A file containing x-y data, separated by commas or spaces

l

4 )

Program polfit.e

e Creates the polynomial coefficients

- /

l

List of Coefficients

Figure 83: Flow Diagram of Miscellaneous Processing, Page 5 - Creating Polynominal
Coefficients from X-Y Data
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MISCELLANE PROCESSIN

6. Getting Y Values from a Polynominal

This program calculates y values from a polynomial of the type y=a+bx+Ccxx+dxxx+exxxx
etc. This is useful for creating a file x-y values for plotting or other purposes.

The crop coefficient file as used in program cropet.e, or the user is prompted for input data

4 N

Program polval.e

e Creates the y values from a polynomial

o | /

l

List of x-y values

Figure 84: Flow Diagram of Miscellaneous Processing, Page 6 - Getting Y Values from
a Polynominal
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7. Latitude-Longitude Processing

Program to convert latitude-longitude table files to a latitude-longitude file for
each diversion window, containing latitude-longitude centers of each cell and cell box

Names file
file containing

Latitude-Longitude file

window names coordinates

!

(table) containing cell corner

!

/

o

Program latlong.e

e Creates a latlong file for each diversion window

\

)

Latitude-longitude file for each diversion window, containing
latitude-longitude centers of each cell and cell box

Figure 85: Flow Diagram of Miscellaneous Processing, Page 7 - Latitude-Longitude

Processing
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MISCELLANEOUS PROCESSING

8. Converting Degrees, Minutes, Seconds to Decimal Degrees

Program to calculate decimal degrees from degrees, minutes, seconds.

The user is prompted for the degrees, minutes, and seconds

4 )

Program degrees.e

e Calculates decimal degrees

o /

l

Decimal degrees

Figure 86: Flow Diagram of Miscellaneous Processing, Page 8 - Converting Degrees,
Minutes, Seconds to Decimal Degrees
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file

9. New Year processing

These procedures prepare the data files for the new year. They are processed
on the first two days in January. Scriptnewyrjanl handles WXhourly files.
Scriptnewyrjan2 handles all of the other data.

Scriptnewyrjanl.s

@ Change the mrgcd.wx.s script to
copy the correct year coded hourly
W Xfiles to the WEB

@ Change the WEB indexhour.html
file to pop-up the correct year
coded hourly WXiles

® Remove the old year coded hourly
files from the WEB

® Make an old year directory

® Move MRGCD and UNM Sevilleta
hourly files to the old year directory

® Remove allwXhourly files

@ Remove allUNM Sevilleta WX
hourly report files

® Move allEta forecast weather files
to the old year directory

® Move all gage files to the old year
directory

|

Parameter MRGCD and NMSUCC Crop ET NEXRAD and yeardir.

alternate station files

|

Script newyrjan2.s

® Remove allMRGCD daily and hourly
files from the receiving directory
(dir.)

e Move all WEB ready daily weather
files to the old year dir., which was
established by scriptnewyrjanl.s

o Move allWXdaily weather files to
the old year dir.

@ Copy the parameter file to the old
yeardir.

e Move the reference ET and daily ET
files to the old year dir.

e Copy the crop ET files to the old
yeardir.

o Copy the WEB ready ET Toolbox
reach summary report files to the
WEB historical areas, with old year
name extensions

o Copy the ET Toolbox reach files with
old year name extensions to an
anonymous FTP site

o Move the ET Toolbox files to the old
yeardir.

o Copy both names files to the old

QPFfiles o Move the Situation Analysis (matrix)
files to the old year dir.
® Copy alINEXRAD files to the old
\l/ yeardir.
o Copy allQPFfiles to the old year

dir.
o Get a listing of the NEXRAD and
QPFfiles, needed in program

Program newyr.e

e Changes the year in the

e Changes the year in the
MRGCD and NMSUCC

alternate station files

files

parameter file to the new year

e Zeros out data in the crop ET —> MRGCD and NMSUCC alternate station files

e Removes old year data from
the NEXRAD and QPFfiles

newyr.e
® Run program newyr

-«——

—>> Parameter file

—— Crop ET files

—— NEXRAD and QPFfiles

Figure 87: Flow Diagram of Miscellaneous Processing, Page 9 - New Year Processing
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10. Restarting

This procedure prepares the data files whenever a total restart of the AWARDS
and ET TOOLBOX is required. Many files are deleted, and others are initiated
from original copies.

Scriptrestarts

@ Removes all reference ET files

@ Removes all daily ET files

@ Removes all status files

@ Copies all of the original crop ET
files to the operational crop ET files

Figure 88: Flow Diagram of Miscellaneous Processing, Page 10 - Restarting
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