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Mission Statements
The Department of the Interior (DOI) conserves and manages the
Nation’s natural resources and cultural heritage for the benefit and
enjoyment of the American people, provides scientific and other
information about natural resources and natural hazards to address
societal challenges and create opportunities for the American
people, and honors the Nation’s trust responsibilities or special
commitments to American Indians, Alaska Natives, and affiliated
island communities to help them prosper.
The mission of the Bureau of Reclamation is to manage, develop,
and protect water and related resources in an environmentally and
economically sound manner in the interest of the American public.
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1.0 Introduction
The Bureau of Reclamation’s Mid-Term Probabilistic Operations Model (MTOM) for the
Colorado River Basin (Basin) is a basin-wide operations model utilized to evaluate future system
conditions up to five years into the future. This document provides step-by-step guidance for
running MTOM and analyzing the results produced by the model. The intended audience for this
guide is technical modeling personnel and researchers with an interest in the Basin. This guide is
meant to be used in conjunction with the 2015 Colorado River Basin Mid-Term Probabilistic
Operations Model Overview and Description (MTOM Overview), which provides a detailed
overview of the model and its components, as well as the reservoir operations simulated in the
model.

2.0 MTOM System Components
The MTOM System consists of a RiverWare™ model and supporting components that enable
the model to access input data and produce output results in an efficient manner. The MTOM
System uses an ensemble of hydrologic forecasts for the Upper Colorado Basin to produce
probabilistic 5-year operational projections for the Colorado River Basin. MTOM results can be
analyzed collectively to quantify the likelihood of significant future system conditions in the
Basin. The modeling system as a whole is comprised of six components that allow for MTOM to
function either as (1) a single run (deterministic) simulation model, which allows the users to
compare the results of the MTOM run to those from the 24-Month Study model; (2) a multiple
run management (MRM) tool to quantify the probability of outcomes given an ensemble of
inflow forecasts; or (3) a hindcast run to determine the skill of the model given a “perfect”
forecast. The results of the deterministic run and the hindcast run are used primarily as tools for
Reclamation modelers and researchers to test and verify the modeled operations. It is assumed
that most users will typically be interested in the forecasted ensemble of outputs for risk-based
decision-making; therefore this document focuses on this mode of implementation.
The MTOM System consists of the following components (Figure 1):
•
•
•
•
•

MTOM RiverWare Model
24-Month Study (24MS) RiverWare Model
Colorado River Basin Forecast Center (CBRFC) inflow forecast files
MTOM Ensemble Forecast Spreadsheet
MTOM Ensemble Output Spreadsheet
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Figure 1: MTOM System Schematic

2.1 MTOM RiverWare model
The key component to the MTOM System is a RiverWare model that simulates the monthly
reservoir operations and major diversions of the Basin to provide a 5-year outlook. Model input
consists of Upper Basin mainstream, tributary, and intervening flow forecasts as well as Lower
Basin inflow projections and water demand schedules. The model then simulates reservoir
operations according to the current “Law of the River” 1, including the Colorado River Interim
Guidelines for Lower Basin Shortages and Coordinated Operations for Lake Powell and Lake
Mead (2007 Interim Guidelines). The results of an MTOM run include future projected monthly
reservoir releases, end of month reservoir storage levels, and select water demand projections.
The MTOM System manages multiple simulations with varying hydrology and water demand
inputs to produce an ensemble of potential future states of reservoir conditions in the Basin, and
exports the results of each simulation to an external location (Output Spreadsheet, described
below) for later analysis.

1

The treaties, compacts, decrees, statutes, regulations, contracts and other legal documents and agreements
applicable to the allocation, appropriation, development, exportation and management of the waters of the Colorado
River Basin are often collectively referred to as the “Law of the River”.
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2.2 24MS RiverWare model
The 24MS is a RiverWare model in which the reservoir operations are input manually by
reservoir operators. The model produces projections of reservoir conditions throughout the Basin
for the next 24 to 32 months with a report that provides a 2-year outlook. Every month the “most
probable” model run is created based on a single most probable (50 percent probability of
exceedance) inflow forecast. In January, April, August, and October two additional official
24MS runs are conducted, the first using a minimum probable forecast which represents a dry
hydrologic scenario (90 percent probability of exceedance) and the second using a probable
maximum forecast which represents a wet hydrologic scenario (10 percent probability of
exceedance). These hydrologic scenarios provide additional information about a possible range
of future conditions. Data in the 24MS are used as inputs into the MTOM System; therefore,
MTOM cannot be run until the completion of that month’s 24MS run. Data from the 24MS that
are transferred to MTOM include, but are not limited to, powerplant capacities and maintenance
coefficients, as well as Lower Basin water demand schedules under Normal, Shortage, and
Surplus conditions.

2.3 24MS Pass-Through Spreadsheet
This Microsoft Excel spreadsheet allows users without access to Reclamation’s Hydrologic
Database (HDB) to transfer data from the 24MS to MTOM with output and input Data
Management Interface tools (DMIs). While Reclamation modelers can use DMIs that directly
connect RiverWare to historic and model data stored in HDB when logged into its secure
network, outside users will not be able to access HDB and must use the 24MS Pass-Through
Spreadsheet to transfer data. The data in this spreadsheet are needed to initialize the MTOM
model in preparation for the model run. While it is likely that stakeholders who use MTOM for
their own agency’s analysis would receive a fully initialized model from Reclamation, having the
infrastructure in place to initialize the model from outside the Reclamation network adds
flexibility and convenience to the system.

2.4 Colorado Basin River Forecasting Center inflow forecast files
The inflow forecast files are text files distributed by the CBRFC that hold the ensembles of
hydrologic forecasts for each forecast point in the Upper Basin. These files, which can be
accessed through the CBRFC website 2, include 35 forecast inflow traces for 12 forecast points.
Each inflow trace is derived from historical sequential climatology (temperature and
precipitation, currently between 1981 and 2015) that is run through the CBRFC’s streamflow
model once it has been initialized with current Basin conditions (e.g., soil moisture and
snowpack).

2

https://www.cbrfc.noaa.gov/outgoing/32month/
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2.5 Ensemble Forecast Spreadsheet
The ensemble forecast spreadsheet is a Microsoft Excel application designed to import the
CBRFC forecast ensemble text files and create a platform for MTOM to access those data. The
spreadsheet has worksheets for each of the 12 forecast points in the Upper Basin as well as
intervening flows derived from the historical record for reaches in the Lower Basin below Glen
Canyon Dam (Table 1). The spreadsheet application provides the capability to view the ensemble
of forecasts for each forecast point, and creates a smaller pass-through spreadsheet for efficient
import of the inflow traces into MTOM.

2.6 MTOM Ensemble Output Spreadsheet
This Microsoft Excel spreadsheet application stores and processes the results of each simulation
of an MRM run. Within this spreadsheet there are a number of tabs to assist in analysis and
visualization of model output. The “Comparison” tab creates “spaghettis plots” of the outputs at
each time step of each simulation (an example is shown in Figure 5). These graphical displays
can be used to view projected reservoir storage and pool elevation, inflow and outflow, and
select major diversions throughout the Basin. The “Exceedance” tab shows the output from the
multiple simulations analyzed collectively to calculate and display exceedance levels. Post
processing in the MTOM Ensemble Output Spreadsheet also allows for quantification of
statistics related to projected reservoir conditions, event frequency, and distribution of inflow
volumes. Additionally, users can create reports that summarize projected conditions for Upper
and Lower Basin reservoirs, including a 5-year table showing the percent of traces projecting an
event or system condition for Lake Powell and Lake Mead. These reports can be produced in
document (Microsoft Word doc and Adobe Acrobat pdf) or presentation (Microsoft PowerPoint
ppt) formats and can be customized for specific stakeholder needs.

2.7 RDF Output files
In addition to producing Excel spreadsheet outputs, the MTOM model also produces output files
in the RiverWare Data Format (rdf). These files allow for processing and visualization of the
ensemble output data using other tools such as R or GPAT (Graphical Policy Analysis Tool).
Although a typical ensemble run of the MTOM System consists of 35 different hydrologic
forecasts provided by the CBRFC, each up to 68 months in length, the MTOM System has been
developed to run additional traces at any length if such input data become available.
The sheets included in the MTOM System take advantage of Visual Basic for Applications
(VBA), which is a macro programming language in Microsoft Excel used to code and automate
specific data transfer, graphical views, and analytical processes. The reference to a macro is an
individual section of VBA code that performs a specific function for a unique purpose. Users
will need to enable macros on their computers for the sheets to operate properly.
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3.0 MTOM System Operational Procedure
Step-By-Step User Guide for the operations of the MTOM System
This guide serves as a tool for a MTOM modeler, so that new users unfamiliar with the system
can utilize the files provided by Reclamation to produce a full set of ensemble output results on
their own. An ensemble run will provide the user with a complete set of outputs in both Excel
and RDF formats. This section of the user guide provides basic steps for setting up the
environment, preparing the necessary inputs, and configuring the RiverWare model. Section 4.0
below provides information on viewing and analyzing the output data in spreadsheet format.
This guide assumes that the user has basic knowledge of RiverWare and can make a simulation
run with the software. References to certain aspects of MTOM that are specific to RiverWare are
made throughout these instructions and any questions regarding RiverWare should be referenced
with the informational documentation that is provided by CADSWES. 3
For each month in which MTOM is run, Reclamation will provide users with the following
required files:
•
•
•
•

the MTOM Model initialized with the current month’s 24MS data,
the MTOM ruleset,
the fully loaded Inflow Forecast Spreadsheet, and
the completed Ensemble Output Spreadsheet.

If requested, Reclamation can also provide templates for the Word and PowerPoint reports
(Section 4.0).
Although Reclamation will provide all files initialized and fully loaded, instructions for clearing
and updating the sheets, running the model, analyzing the output, and generating reports are
described below for added flexibility. The process is divided into three subsections. Each section
includes detailed steps the new user can follow.
1. System Set Up (this is a one-time set-up for the user’s computer)
2. Input/Output Set Up for an Ensemble Run
3. Set Up and Run the MTOM RiverWare Model

3.1 System Set Up
To implement the MTOM system, a file structure needs to be set up on the user’s computer. This
file structure should sit inside a parent directory named “MTOM_Production” and should have
the same sub-directories shown in Figure 2. Files used throughout the procedures reside in the

3

Center for Advanced Decision Support for Water and Environmental Systems; http://cadswes.colorado.edu/

5

folders as shown in Figure 2. Users of the MTOM System can receive the necessary files from
Reclamation upon request.

Figure 2: MTOM System File Structure

An environment variable will need to be set up on the user’s computer called “MTOM_DIR”
that navigates to the “MTOM_Production” folder. The environment variable provides a common
file structure to which MTOM can navigate for input or output data. This allows the MTOM
system to operate within each modeler’s unique file structure on his/her computer. For instance,
if the “MTOM_Production” folder was located on the C drive of a computer, then the

6

environment variable would have a value of, “C:\MTOM_Production”. A script file named
SetMtomDirectory.bat has been provided to automatically create the MTOM_DIR environment
variable. This script should be placed in and executed from the user’s desired
“MTOM_Production” directory.
To set up the environment variable manually, perform the following steps:
•

From the Start Button on a PC, in the Search programs and files box, enter “Environment
Variables”. Select “Edit environment variables for your account” (Figure 3).
Note: Selecting “Edit the system environment variables” can set the “MTOM_DIR”
environment variable if permission is granted from the user’s IT Security. This
instruction assumes the user’s IT Security does not grant permission to system variables,
only account variables.

•

Create a new variable called “MTOM_DIR” with the value “C:\MTOM_Production”, as
in the example, or the path to the “MTOM_Production” folder. Once the environment
variable is set up and the system components are in the appropriate place in the folders,
the user can begin to use the MTOM System and perform model runs.

Figure 3: Create MTOM_DIR environment variable

3.2 Input/Output Set Up for an Ensemble Run
The first step in performing an MTOM ensemble run is to set up the files necessary for input and
output to the system. This includes downloading and processing the ensemble data files from the
CBRFC website. In most cases, Reclamation will provide users with a complete Ensemble
Inflow Spreadsheet. If a user wants to view the newest ensemble of inflow forecasts prior to
distribution by Reclamation, the following procedures may be used. In this case, only the 35
traces provided on the CBRFC website will be viewable. The Most Probable inflow forecast
used in the official 24MS will not be included, nor will the Min Probable and Max Probable
inflow forecasts, should Reclamation complete such a model run that month.
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1. Download the CBRFC forecast data files from the website
a.

b.

A script file has been provided to automatically download the ensemble forecast
text files: DownloadESPTraces.bat. Navigate to the “MTOM_DIR\Inflow
Forecasts\ESP_Traces” folder. Run the DownloadESPTraces.bat file to
download the most recent files.
Alternatively, you can download the files manually. In a web browser, navigate
to: http://www.cbrfc.noaa.gov/outgoing/32month or
http://www.cbrfc.noaa.gov/data/datalinks.php and select “Reclamation MTOM
ESP Traces”.
Place the twelve CBRFC forecast data files, listed below, into the “ESP_Traces”
folder (inside the “Inflow Forecasts” folder) by downloading each of the files
from the CBRFC website. (Note: 18 files are available on the website, but only
the 12 listed below are necessary.)

Table 1. CBRFC Inflow Forecast Points
Abbreviation
BMDC2
CLSC2
GBRW4
GLDA3
GRNU1
MPSC2
NVRN5
TPIC2
VCRC2
YDLC2
DRGC2
GJLOC

Forecast Point
Blue Mesa Reservoir Unregulated Inflow
Crystal Reservoir Unregulated Inflow
Fontenelle Reservoir Inflow
Lake Powell Unregulated Inflow
Flaming Gorge Reservoir Unregulated Inflow
Morrow Point Reservoir Unregulated Inflow
Navajo Reservoir Unregulated Inflow
Taylor Park Reservoir Inflow
Vallecito Reservoir Inflow
Yampa River Inflow
Animas River Inflow
Gains Crystal to Grand Junction

2. Prepare the Ensemble Forecast Spreadsheet

a. Open the Ensemble Forecast Spreadsheet.
i. The Spreadsheet is located in the “Inflow Forecasts” folder and is named
“CBRFC_EnsembleForecast”.
b. Import the Ensemble Forecast data.
i. Go to the “Comparison” sheet.

8

ii. Set the Start Timestep at the top of the sheet to the month of the start date
in the 24-Month Study; the run duration will be set automatically.
iii. Click the “Full Data Update” button.
iv. A form will pop up and will give directions on how to load the sheet.

Ignore
v. Click the “Update Forecasts” button.
1. Another form will pop up, prompting the user to navigate to the
folder where the forecast files have been downloaded from the
CBRFC website. The form should pop up to the location of the
spreadsheet and if the forecast data files were placed in the “ESP
Traces” folder, then that folder can be selected. Then press “OK”.

2. Click “Done” when the forecast traces have been loaded. This step
creates a smaller pass-through spreadsheet called
“EnsembleForecasts” which the RiverWare model uses to load the
inflow data at the beginning of each iteration of the model run.
This step is critical, as the RiverWare model run configuration will
look for this pass-through spreadsheet to obtain the inflow data

9

when running the input DMI. Without this file, the model will not
successfully run.
As mentioned above, if a user loads the Inflow spreadsheet prior to distribution by
Reclamation, only the 35 traces provided on the CBRFC website will be
viewable. Non-Reclamation user steps within the Data Sheet Update Form, which
load the Most Probable inflow forecast (as well as the Min Probable and Max
Probable inflow forecasts if available) will not complete successfully.
c. Review the forecast traces for each forecast node (Figure 4).
i. Select locations with the “Select Node” combo box.

ii. Select/deselect traces with the check boxes at the left of the plot to view
individual traces.
iii. If the user has a fully loaded spreadsheet that includes the official MIN,
MAX, and MOST Probable inflow forecasts, then the user can compare
those traces with the ensemble of ESP inflow traces in the viewer.
d. Save and Close the spreadsheet.

Figure 4: Viewing inflow traces in the Ensemble Forecast Spreadsheet
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3. Prepare the Output Spreadsheet

a. Open the Output Spreadsheet
i. Open the “MTOM_Ensemble Output” spreadsheet in the “Output Data”
folder.
b. Configure the Output Spreadsheet for the MRM Run
i. Go to the “Comparison” Sheet.
ii. Set the Start Time step to the same value as the MTOM start time step.
The duration will change automatically.
iii. Click on the “Clear All Data” button to clear out any old data from the
spreadsheet.
iv. Save and Close the spreadsheet.
4. Check for Extraneous Files

a. If there are any workbooks in the “Output Data” folder from previous runs titled
“EnsembleOutput”, “MTOMToCrss_Annual”, or “MtomToCrss_Monthly, delete or
move these into an alternative folder, as they will cause the run to fail.

3.3 Set Up and Run the MTOM RiverWare Model
These steps provide guidance on how to run MTOM using the ensemble inflow forecasts and
generate results from multiple simulations of the Colorado River system (35 if the user is only
using the ESP Forecast traces and up to 38 if the MIN, MAX, and MOST Probable traces are
included).
1. Set-up the MRM configuration of MTOM

a. Open the Multiple Run Control dialog.

b. Select the MRM Configuration

11

i. Open the “Run_CBRFC_Ensemble_Fcst_RFC” configuration by double
clicking on that configuration.
ii. On the “Output” tab, make sure the name and location of the
“output.controlfile” is correct. This file should be in the “Input Data”
folder. The output.control file creates preconfigured rdf files that will be
located in the “rdfOutput” folder. These output files can be processed
using GPAT, R, or other data processing tools. A blank text file, called
noOutput.controlfile.txt, has also been provided in case the user does not
want to create any rdf output files. Specifying a control file in the MRM
configuration is required. If the user wishes to create their own custom
rdf files, the user can create a control file with a list of slots to be
included in the rdf file. This control file should take the place of the
default rdf control file. Note: In order to produce rdf files, there must be
no spaces in the folder path for the output folder (see sample path in
screen shot below).
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Can replace with
$MTOM_DIR/InputData/MyRDFslots.control

iii. On the “Output” tab verify that the DMI selected is
“Excel_Direct_OutputEnsemble”. This should already be set, in which
case no changes will need to be made.
iv. On the “Run Parameters” tab verify that the date range matches the
values in Table 2 for the run duration. For instance, if the start date is
January 2019, the corresponding duration from Table 2 for an ensemble
run is 60 months. The initialization date will always be the previous
month, in this example December 2018, and the end date will be
December 2023 with a duration of 60 months.
Table 2: Model Run Duration for Ensemble Model Runs
Start Time Step
(Month)
January
February
March
April
May
June
July
August
September
October
November
December

Finish Time Step
(Month, 5 years out)
December
September
September
September
September
September
September
September
September
September
October
November
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Ensemble Run Duration
(Months)
60
68
67
66
65
64
63
62
61
60
60
60

v. On the “Policy” tab verify the location and name of the ruleset are valid.
This rule set should reside in the “RW_Files” folder. If you have saved
the rules with another name in the “RW_Files” folder you need to enter
the correct name of the rule set here. Since the configuration uses an
environment variable as part of the navigation to the rule set, the name
change should be done manually by double clicking on the rule set name
and changing the name.
vi. On the “Input” tab, verify the Input DMI is
“Excel_Direct_InputEnsemble”. This should already be set and no
changes will need to be made.
vii. On the “Input” tab, verify that the “Traces” settings are correct.
1. If the user wishes to process only the 35 ESP traces provided by
CBRFC, then enter “4” for the first trace and “35” for the
number of Traces to include only the CBRFC traces.
2. If the user wants to include the official MOST Probable forecast,
enter a “3” for First Trace and a “36” for the Number of Traces.
This will process the MOST Probable official forecast as well as
the 35 ESP traces from the CBRFC.
3. If you want to include official MIN, MOST, and MAX Probable
forecasts in the ensemble run, enter a “1” for the First Trace and
a “38” for the Number of Traces for the three deterministic runs
and 35 CBRFC traces.
4. Click OK.
viii. Save the model to capture any changes made to the ensemble
configuration.
2. You are now ready to run MTOM

a. In the “Multiple Run Control” box make sure the
“Run_CBRFC_Ensemble_Fcst” configuration is highlighted and click “Start”
on the “Multiple Run Control”.
b. Do not save the model file before closing after the MRM model run has
completed. Saving the model file will alter the initial model set-up and will save
the information resulting from the last trace run through the model.
Important Note: Before you start the model run, make sure the pass-through input and
output workbooks are closed. Do not open them during the model run. Doing so will cause
the input and output DMIs in RiverWare to fail and the run will need to be re-started.
Ensure that all Microsoft Excel files are closed during the run as they may cause the run to
fail.
14

4.0 Output Analysis and Reports using the
MTOM Ensemble Output Workbook
After the MTOM MRM run has completed there will be four Excel files in the “Output Data”
folder. The “EnsembleOutput” contains all raw data output from the MRM run and is the source
of data for the macro-enabled “MTOM_EnsembleOutput” workbook, which is used to analyze
the outputs from the run. The MtomToCrss Monthly and Annual files are used to initialize
CRSS and can be ignored unless the user is performing a hybrid MTOM-CRSS model run. This
user guide does not include instructions on how to set up CRSS for a hybrid model run using
these files (see the end of this document for an appropriate contact).
The RDF Process folder contains files that can be processed using GPAT or R to compare the
current model run to another model run of your choosing.

4.1 Load and Analyze MTOM Ensemble Output Data
The MTOM Output Spreadsheet provides users with a simple way to analyze the ensemble
output data and produce reports with tables and plots that can provide useful information to
managers, other decision-makers, and stakeholders.
Once the MRM Run is complete, the MTOM Output Spreadsheet can be opened and loaded from
a smaller pass-through spreadsheet, “EnsembleOutput”. Each column of data within a sheet is
the output for that variable for a specific inflow trace. The columns are labeled by a Trace
number (the iteration of the ensemble run) and a year. The year represents the first year of
historical climatology for that specific trace. For example, if the year label is 1981, then the
inflow forecast for that trace was generated from the temperature and precipitation of 1981 to
1985. The rows on each sheet represent the monthly or annual time step associated with the
value. In total there are 104 variables, each with its own sheet in the Outflow Spreadsheet. Users
can hide and unhide all the raw data sheets by selecting the Hide Sheets or Unhide Sheets buttons
on the Instructions sheet.
Instructions to set up the MTOM Ensemble Output workbook and load raw output data
1.
2.
3.
4.

Go to the “Output Data” folder.
Open the workbook entitled “MTOM_EnsembleOutput”.
Go to the “Comparison” sheet and click on the Load All Data button.
It is advised that the user save the workbook with a unique name containing the
date of the run for easier identification in the future.

4.1.1 Comparison Sheet

Once the ensemble model run has completed, the Comparison sheet is used to load the output
data from the pass-through output spreadsheet. Once the data has been loaded, the user can view
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data from selected traces in what is commonly referred to as a “spaghetti plot” (Figure 5). Each
trace is treated as an equally likely future condition for the specified parameters. Different output
parameters can be chosen from the dropdown menu. Different parameters can be plotted by
selecting a node from the “Select Node” dropdown menu and different traces can be selected for
analysis by selecting or unselecting the checkboxes for the desired traces on the left of the sheet
(Figure 5).

Note: Whatever node and traces are selected in the “Comparison” tab will automatically be
selected in the “Exceedance” tab.

Figure 5: "Spaghetti Plot" showing ensemble of outputs for Mead Energy
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4.1.2 Exceedence Sheet

The “Exceedance” sheet displays the monthly exceedance values for the variable selected.
Buttons similar to those on the “Comparison” sheet allow a user to select different parameters
(through the Select Node menu) and specify which exceedance values (deciles at 10 percent
exceedance through 90 percent exceedance) are to be shown in the plot. The variable name will
be displayed above the plot and the data values that are plotted for each exceedance are displayed
in table form in the columns to the right of the plot (Figure 6).
Note: The exceedance plots shown here are based on the SELECTED traces on the
“Comparison” sheet, not necessarily the whole set of 35 traces unless all traces are selected.

Figure 6: Exceedance Plot of Lake Mead Pool Elevation
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4.1.3 Frequency Sheet

The “Frequency” sheet displays the percent of traces that show different events or occurrences of
particular Basin conditions resulting from the ensemble of traces. The frequency analysis is only
performed on the 35 ESP Forecast trace data that are processed through the ensemble model run.
The MIN, MAX, and MOST probable traces are excluded. The sheet shows the frequency of an
occurrence based on the calendar year or water year in which that condition occurs. For instance,
the Lake Powell annual release is based on a water year, whereas the Lower Basin Surplus Flag
is based on a calendar year. The user has the ability to select from a number of predefined events
or conditions of interest. The percent of traces showing different values for a given event or
condition is displayed in a table and two plots (Figure 7).
The two plots show the same information, but in different ways. The top plot shows the percent
of traces projecting an occurrence by year. The lower plot shows the percent of traces for each
year by occurrence. The source data for is located to the right of the plots. Below the table and
plots is a section that computes Conditional Occurrences. This section gives the user the percent
of traces projecting a condition in a second year based on the condition in the first year. Below
the Conditional Occurrence information, there are some data and information that are slightly
faded out. These data are required for the sheet to correctly compute the percent of traces and
should not be edited unless a new variable is desired for analysis.

Figure 7: Example of the Column Plots that show percent of traces for each Powell Operating Tier
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4.1.4 InflowAnnualVolumes Sheet

The “InflowAnnualVolumes” sheet gives information on the inflow volumes for either the AprilJuly period or water year for a single year of the model run. Two selection boxes are available on
the sheet: the first allows a user to select the reservoir to be displayed in the plot; the second
selection allows the user to specify which water year is to be displayed in the plot. The selection
only allows the first or second water year of the run to be displayed. Generally the first year is
displayed, but if the model is run in months after August, then the second water year is
displayed, as the operational forecasting period for the first water year has passed.
The volume is shown as a column chart (Figure 8), and each column represents the cumulative
inflow volume for the time specified (either April through July or water year). The legend
indicates the year that corresponds to the inflow volume being plotted. The trace year in the xaxis represents the first year driving the forecast of that trace. The volumes are ranked in order
from lowest to highest for the selected reservoir. Historic inflow statistics for the 30-year period
of record at that inflow node are displayed on the plot as well to give some perspective on the
relative wetness or dryness of the current year.
The timestep and duration will automatically update when the comparison sheet is set up. Select
the reservoir and Water Year of interest from the “Select Node” and “Select Water Year”
dropdown menus. The sheet will allow the user to select either the current or the following water
year.
Note: The chart does not rank the MOST, MIN, and MAX probable traces

Figure 8: Example of an Inflow Annual Volume Plot for the inflow to Lake Powell
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4.1.5 Carryover Interpretation Sheet

The Carryover Interpretation sheet offers a detailed explanation of why a certain volume of
carryover was released in a specific water year (Figure 9). To analyze a specific trace, select the
year of the trace and the out year of interest from the drop down list on the top left of the sheet.
The year and volume of carryover generated and released is displayed in the pink box at the
bottom left of Figure 9. Factors involved in the generation and release of carryover such as the
Powell and Mead elevation and storage and the Powell power plant capacity are displayed in the
top right of the sheet. The top center of Figure 9 shows a summary of the Target Annual Release
Volume (TARV), actual release, carryover created and released, release tier, the controlling
equalization condition and what the releases are for traces that end up in the upper elevation
branch. The codes for the Release Tier, Upper Elevation Branch Release, the Powell
Equalization elevations, and the controlling equalization condition are shown in Figure 10. The
Notes from Year and Trace Selected will offer a description of the quantity of carryover
generated and the quantity of carryover that was released.

Figure 9: Example of the carryover interpretation of the 1993 trace.

Figure 10: Explanation of the different codes used to interpret the Powell carryover volume
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4.1.6 Frequency Table Sheet

The “Frequency Table” sheet contains a table summarizing the percent of traces that show the
potential operating conditions for Lake Powell and Lake Mead over the next 5 years (Figure 11).
This table may be compared to the frequency table produced by a different model run, to
determine how changes in system conditions, water use, rules, or the model file have altered the
projected operating and release tiers for Mead and Powell.

Figure 11: Frequency Table for Percent of Traces Showing Events or System Conditions at Lake
Powell and Lake Mead (values in Percent)

4.1.7 Powell and Mead Sheet

The final analysis sheet in the Output Spreadsheet is the “PowellandMead” sheet. This sheet
allows the user to select between traces (as selected by the first year or column heading for each
trace) and display the resulting Lake Powell and Lake Mead storage traces for that individual
trace. This allows the user to see the kinds of conditions in which the storages diverge and the
conditions in which the storages balance. A user can scroll through the years to see how each
simulation within the ensemble solved for the storages of the two reservoirs. The data in the
columns to the left of the plot are the data that go into the plot for the selected trace and the trace
label (year) is displayed on the top of the plot. As an example, the 1993 trace, which uses an
inflow forecast based on climatology for the years between 1993 and 1998, would result in the
storages diverging in the first years of the model simulation and then balancing in later years, as
seen in Figure 12. A different plot is available for each of the traces in the model run. This sheet
is generally hidden unless the user selects Unhide Sheets from the “Instructions” sheet.
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Figure 12: Comparison of Lake Powell and Lake Mead Storage based on the "1993" hydrologic
scenario, January 2019 MTOM run

4.1.8

Perform Additional Analysis

All output data from all slots are easily accessible in this sheet. New sheets can be added and
other custom analysis of the data is possible as accommodated by Excel. Once the “Save-as” has
been done, this spreadsheet becomes a unique output analysis sheet for the current month’s
model run. Unique analysis, additions, and subtractions can be made if the user desires additional
analysis done on the output data for that month.
Note: Any additional analysis that is performed routinely can be reported to Reclamation for
addition to the regular functions of the sheet.

4.2 Generate MTOM Reports
From the MTOM Output Spreadsheet a user has the ability to create standard or unique reports in
Microsoft Word or Powerpoint formats.
1. Edit Document and Presentation Templates for a specific run

a. Go to the “ReportFiles” folder.
b. Open the “MTOM_Report_Template” MS Word document.
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i. In this document the Run information section will automatically be filled
in, as well as the date when the plots are inserted with a macro from the
Ensemble Output spreadsheet.
ii. Fill in the Notes about the run in the “Notes” section and in the
“Explanation of Model Inputs” if information for those sections is desired.
iii. Save the template with the original name.
c. Open the “MTOM_Report_Template” MS PowerPoint presentation.
i. All the information on the first slide will automatically be filled in when
the report is generated from the Ensemble Output spreadsheet.
ii. Enter information about the run on the second slide where information is
provided.
iii. Save the template with the original name.
d. Run the Report Macros to produce the Reports.
i. Open the MTOM Output Spreadsheet if it is not already open.
1. Go to the “Comparison” and “Exceedance” sheets and select any
number of traces to be shown. Because the selected traces will be
included in the report when generated, the user needs to be
conscious about which traces are selected.
ii. Navigate to the “Instructions” sheet.
iii. Press the “Create Pictures from Plots” button to produce “.jpg” files of the
plots in the “Plot_Images” folder.
iv. Press the “Create Word Report” button to produce a Word document and
Adobe PDF report for the current run. The Word and PDF report files are
both automatically created and saved in the “Reports” folder.
v. Press the “Create PowerPoint Report” to produce a PPT presentation
report for the current run. The PPT file is automatically created and saved
in the “Reports” folder.
vi. If changes to either of the reports are desired, open the Word or
PowerPoint files that were generated and make the edits.
vii. Save the files with a different name or in a different folder so they are not
replaced if a new report is generated. Reclamation has set up standard
output reports that display the plots of the reservoirs in the system and a
table of statistics that summarize the percent of traces showing the various
possible operating tiers for Lakes Powell and Mead. These reports have
been described in detail in the sections on Uncertainty Characterization
and Understanding the Output Report in the MTOM Overview document
that supplements this User Manual. As discussed previously, two types of
plots are included in the reports. One type is plots of the Upper Basin
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Inflow Forecasts and the Comparison, or “spaghetti” plots for the
parameters that are included in the reports. Table 3, shown below, gives
the parameters for which plots are displayed. The reports also include the
table summarizing the percent of traces that show the potential operating
conditions for Lake Powell and Lake Mead over the next 5 years.
Table 3: Variables in the Output Spreadsheet sent to the Output Reports
Upper Basin Variables
Fontenelle Reservoir April-July Inflow Volume
Fontenelle Reservoir Pool Elevation
Fontenelle Reservoir Outflow
Flaming Gorge Reservoir April –July Inflow
Volume
Yampa River April –July Outflow Volume
Flaming Gorge Reservoir Pool Elevation
Flaming Gorge Reservoir Pool Elevation
Blue Mesa Reservoir April – July Inflow Volume
Blue Mesa Reservoir Pool Elevation
Crystal Reservoir Outflow
Vallecito Reservoir April – July Inflow Volume
Vallecito Reservoir Pool Elevation
Navajo Reservoir April-July Inflow Volume
Navajo Reservoir Pool Elevation
Navajo Reservoir Outflow
Lake Powell Water Year Inflow Volume
Lake Powell Pool Elevation
Lake Powell Outflow

Lower Basin Variables
Lake Mead Inflow
Lake Mead Pool Elevation
Lake Mead Outflow
Lake Mead Energy
Lake Mojave Outflow
Lake Mojave Energy
Lake Havasu Outflow
Lake Havasu Energy

The buttons available on the “Instruction” sheet allow the user to complete three different
actions. The first button, “Create Pictures from Plots”, will create a “.jpg” file of the plots listed
in Table 3. The plots are created and saved into the “Plot_Images” folder in the “MTOM_DIR”
folder structure. Each one of the images is a separate file and the name of the file is the variable
being shown in the picture.
The second button, “Create Word Report”, places the plots created in the previous step into an
MS Word template that has been developed for standard reporting of the results of an MRM run.
The “MTOM_Report_Template.docx” uses bookmarks and tables for the information from the
Output Spreadsheet. The run simulation start date and date of the creation of the report are
inserted to the template. There are sections in the template that allow a user to enter comments
about the model run if there is any pertinent information to include in the output report. The two
sections that a user can edit are (1) the “Notes” section, and (2) the “Explanation of Model Input”
section.
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When the “Create Word Report” button is pressed, a document titled “MTOM_Report” is
created using the plots and tables from the Output Spreadsheet and the template. Once the report
document is created it is automatically saved as a Microsoft Word document and as an Adobe
PDF file, both with the same name. The user has the ability to open the new report document and
make changes if desired, and can save the document with the changes as a PDF, overwriting the
originally created PDF file. If a report has been generated and has not been saved in another
location or by another name, pressing the “Create Word Report” will overwrite any other report
files currently in the “MTOM_DIR” files with the same name.
The “Create PowerPoint Report” button works in the same way as the MS Word report button,
but creates a MS PowerPoint template that can be edited. This file is named similarly to the
previous template, but with a “.pptx” extension: “MTOM_Report_Template.pptx”. There are
only two slides in the template, as the main content of the report will be generated by running the
macro from the Output Spreadsheet. Edits to the template should only be made on the second
slide. After pressing the button, slides containing the plots and table are generated and appended
to the two introductory slides from the template. The new “MTOM_Report.pptx” is saved in the
“ReportFiles” folder.
Once the reports are generated and are examined for quality assurance, the files should be
renamed and saved in a different folder so they are not over-written when new reports are
generated at a later date.
If a non-standard report is desired, the user can develop that report in a number of ways. The first
would be to follow the template that is designed now for the document and presentation reports
and by using the macros “CreatePictureFilesFromPlots”, “CreateWordReport”, and
“CreatePowerPointReport”. The notes in those macros as well as instruction from Microsoft and
the internet can offer supplementary knowledge to create additional reports. Within the
“MTOM_Report_Template” document, there are bookmarks and tables where the information
from the MRM run and plots are inserted to the document. The tables and headings have been
placed in a way to accommodate the plots from the Output Spreadsheet. The macros in the
Output Spreadsheet resize and format the plots to fit properly into the Word document.
In the “MTOM_Report_Template” presentation, there are only two slides and the macro
language in the Output Spreadsheet will use the template and add slides for additional plots. If
different plots are desired for the presentation, then the user needs to change the plots specified
for inclusion in the report.
The macros that produce the reports in the Output Spreadsheet use the “Run_Information” sheet
columns BC to BE for information on the variables to include in the reports. If additional
variables are added, then the Word template will need to be edited but the PowerPoint macro will
work as described above.
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4.3 Analysis and Reports Using RDF Files
In addition to using the MTOM Output Excel Spreadsheet for performing analysis, the MTOM
system allows for analysis and reporting using RDF files generated from an ensemble model run.
Modelers can use the Graphical Policy Analysis Tool (GPAT), which is an Excel add-in
provided by CADSWES as well as the open source data processing tool, R, among others.
4.3.1 GPAT

GPAT must be installed as an Excel ‘Add-In’. The user can then open one of the Excel files
generated by the RdfToExcel tool, and then run the GPAT Add-In. Sometimes, it may be
necessary to aggregate the monthly data generated by MTOM into annual data. This aggregation
can be performed in the model using expression slots, or it can be performed as a post processing
step using the Yearly Aggregation Post Processor. GPAT, RdfToExcel, and the Yearly
Aggregation Post Processor, and documentation for the three tools are available
at www.riverware.org.
4.3.2 R

Results generated by MTOM can also be analyzed using R to create custom graphics and
statistical analyses. An R package called RWDataPlyr exists to help read rdf files into R. The
link to this package is: https://cran.r-project.org/web/packages/RWDataPlyr/index.html.
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5.0 Conclusion
This user-manual for the technical modeler describes how to run the Bureau of Reclamation’s
Mid-Term Probabilistic Operations Model for the Colorado River Basin, and how to analyze the
model results using the tools provided by the Bureau. The MTOM System provides a
supplemental set of information for planning, risk analysis, and operational decision-making in
the short- to mid-term planning horizons of one to five years into the future.
Enhancements to the MTOM System will be ongoing to reflect the existing reservoir system and
operations as best possible. As operations on the Colorado River continue to evolve to meet
emerging and changing needs and priorities, the model will also evolve to incorporate changes to
operating policies. Assumptions pertaining to water demands and inflows will be updated on a
regular and ongoing basis to best represent potential future conditions.
Questions, comments or feedback regarding the model and all system components are invited
and may be directed to:
UC Region: Heather Patno, hpatno@usbr.gov, (801) 524-3883; or
Conor Felletter, cfelletter@usbr.gov, (303) 492-1197
LC Region: Shana Tighi, stighi@usbr.gov, (702) 293-8572; or
Alex Pivarnik, apivarnik@usbr.gov, (702) 293-8062
MTOM Hindcast Mode: Sarah Baker, sabaker@usbr.gov, (303) 735-5513
MTOM-CRSS Hybrid Runs: Jessica Khaya: jkhaya@usbr.gov, (303) 492-0892

27

