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Introduction and Setup

This user manual is intended as a “mechanics” guide to operating the Viper Excel workbook. It isn’t a manual on how to become a water supply forecaster. In order to produce meaningful statistical forecast models, the user must be well versed in statistical methods and overall water supply philosophies. In some ways, water supply forecasting is partly an “art form” that comes from years of hydrologic experience. That knowledge won’t be gained by reading this manual.
When Viper is initially executed, the main worksheet is displayed and will look similar to figure 1. You will see the last forecast configuration worked on, unless it was cleared out.
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Figure 1 – Main worksheet display
On the menu bar at the top of the Viper spreadsheet, there is one additional drop down menu (figure 2) that has been added to the Viper workbook.
[image: image3.png]L=

i3] e Edt Yew Imet Foma Iods Dats Window Vper Heb





Figure 2 – Viper menu bar
The Viper drop down menu box (figure 3) will allow you to load an existing configuration (dynamic statistical model), save or coordinate forecasts, produce tabular and GIS reports, produce optimized statistical equations, select advance regression options, manage and execute your current static equations, save a configuration as a static equation, save equation results to produce downstream relational equations, review forecasts, import previously saved worksheets into Viper, export worksheets currently in Viper to an archived file, invoke the recent data viewer/editor, show options available to debug Viper during initial testing, and to and set global Viper options. 
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Figure 3 – Viper drop down menu box
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Figure 4 – Configurations drop down box
The Configurations drop down box (figure 4) will allow the user to save, load, update, or retire a configuration (PCA or Z-score model). To load previously saved configurations, the user selects the desired model from the drop down list by using the slide bar or selection filters. The configurations and data will be loaded into Viper, using the parameter months as created (configuration default) or using the global month option.
Prior to developing any configurations or static statistical equations, Viper needs to know what data the model needs and where to get it. Figure 5 is an example of the metadata sources on the Viper “Stations” worksheet. The parameter name can be of the users choosing; the correct element names, network names, states, HUCs and source identifiers are critical for execution of the program. The listing order is also critical. Once the data types/station groups order has been established, they should not be changed. The forecast configurations are linked to this ordering scheme. See appendix I for element and network codes.
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Figure 5 – Stations worksheet display
The user can create custom station lists for any of the data types. For example, there are hundreds of real-time USGS stream flow stations over the western United States. Viper takes approximately 2 to 3 seconds to download each one. If the user specifies SRVOO/USGS data for seven states, there may be over 1800 real-time USGS stations that Viper tries to download. That would take the program 1 to 1 ½ hours to complete the download. If, however, the user only uses 100 real-time USGS stations during forecast analysis, the download would only take about three minutes. These custom station lists can be created or edited by using the “Edit Station Lists” (see figure 5) drop down box (figure 6). 
Once all of the necessary metadata and recent data (the most recent two years) are loaded (updated) into Viper, the user is ready to develop dynamic forecast configurations and static equations.

On the Viper Options selection box (in the Viper menu list), make sure that the Username and Current Forecast Year cell contents are correct (figure 7). The current forecast year corresponds to the ending date of the forecast period. For example, if the user is producing a November-March forecast on November 1, 2006, the Current Forecast Year cell should contain 2007. Also, the forecast control (BAST) and forecast output (FCST) directories should be specified. These control directories have a direct bearing on water supply outlook report (WSOR) production by the various NRCS state data collection offices (DCO).
The VIPER Options selection box also allows the user to specify whether the coordination screen contents are rounded or not. If rounding is selected (default) the rounding is performed by Viper according to the conventions agreed upon by both the NWS and NRCS. The user can simply uncheck this box, if no rounding is wanted. This option can be overridden for individual forecast points on any of the coordination screens.
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Figure 6 – Edit station lists drop down box
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Figure 7 – Viper options selection box
On the Main worksheet, select the target predictand and the Start/End of the forecast period (figure 8).
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Figure 8 – Predictand (target) variable selection – main worksheet
The target drop down box is populated according to the state forecast points that the user selects on the stations worksheet (figure 9).
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Figure 9 – State selection on stations worksheet
If the user clicks the > in cell A2 of the main worksheet, the available data for the target station will be listed. The graphical results of the available data can bee seen in the graph to the right of the Target variable selection section (see figure 12). 

Developing Configurations (Z-Score/PCA)

The user can begin to select predictor variables to use in the forecast configuration (figure 10).
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Figure10 – Predictor variables for forecast configuration
The predictor variable names are assigned on the station worksheet and are defined by the element, network, state & HUC, and source codes, or by a custom list (figure 11).
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Figure 11 – Example of element, network, and source codes and custom lists
The variable names can be of the user’s choosing. Select the > to the left of the variable name on the main worksheet to view the available data for each independent variable. As shown in figure 10, each variable can be switched off or on and the start and ending dates can be specified. The changes are instantaneous, so the user can immediately see the effect of any changes. The results of the variable selection can be seen immediately on the built-in graphs to the right of the variable selection cells (Figure 12). The goodness of fit and the data continuity can be observed and
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Figure 12 – Results of variable selection
variables can be unchecked if the visual analysis indicates that a variable has a sporadic record or may be unreliable for operational use. 
The effectiveness of variables can also be observed in three other graphical displays, shown here as figures 13 thru 15.
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Figure 13 – Goodness of fit between predicting and target variables
Figure 13 shows the goodness of fit between the predicting variables and the target variables in a tabular format. This table shows the correlation coefficient of each variable, the number of years available for each one and the Z-score (standardized anomaly) for each one. Each group is summarized to show its contribution to the overall analysis and the combined analysis for “all” is shown, with the current prediction (if current data are available). The variable sites and their start/end date (figure 11) can be modified interactively to get the highest correlation and/or the lowest standard error possible.
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Figure 14 – Goodness of fit – observed vs forecast
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Figure 15 – Goodness of fit – representative years
Figures 14 and 15 show the goodness of fit in a graphical format. The two graphs show the user the same information. Figure 14 displays the observed vs predicted information as dots and forecast vs lead time (box and whiskers format). Figure 15 displays the representative year, instead of the dots and the relationship between the target variable and a helper variable (highly related stream flow gage). The dot display is cleaner to look at, but the year plot allows the user to easily identify outlier years for further analysis before the configuration is saved. These display views can be alternated by selecting the Switch button.
There are several other option/selection boxes displayed below these two graphs (Figure 16).
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Figure 16 – Main worksheet option/selection boxes
The Analysis Type drop down box currently lets the user develop configurations, using either the Z-Score or Principle Components method (see appendix II and III).

The Transformation drop down box allows the user the flexibility to produce a better fit, through four types of transformations: 1) linear (none), 2) cube root, 3) square root, 4) natural logarithms.
The First Year Used and the Last Year Used selection boxes allow the user the ability to select the configuration analysis period. There may be times when the user may want to limit the analysis period, because of climate changes over the watershed or data continuity issues. Considering the latter, there may be one or two stations available for the analysis from 1920 to 1960; and 15 stations available from 1971 to the present time. In the example above, the user limited the analysis starting year to 1971. The Last Year Used is limited by the contents of AWDB. If the first year used value is 0, Viper uses the first historical year on record in the data base. If the last year used value is 9999, Viper uses the most current data available in the data base.
The Target Data Src drop down box gives the user the option to base the forecast analysis on stream flow data from AWDB (our corporate data base) or from the USGS NWIS database. The options are AWDB or USGS. If the user is developing a forecast configuration for a stream flow location that needs reservoir storage or irrigation diversion adjustments to determine natural flow, the data in AWDB should be used. If there are no adjustments above the stream flow gage, the USGS selection can be used. If the USGS option is used, Viper automatically queries the USGS NWIS web services to obtain the necessary stream flow data.

The publication date cell is used to specify the date of the historical, “official” forecasts that are displayed on the graph in figure 12 (the green line). The published check box allows the forecaster to specify whether the current forecast is published or not. A check in the published box inserts a TRUE flag in the forecast table. If the box is unchecked, a FALSE flag is inserted. Only forecasts with TRUE flags can be published.
The “More Predictors” drop down box allows the user to utilize up to 12 more independent variables (for a total of 30) in developing the forecast configuration.

The “Advanced Settings” selection box (figure 17) allows the user to adjust the predictand before regression with a multiplier or a constant, force a mixed past forecast period (force an Apr-Jul forecast from a Jun-Jul forecast, plus Apr-May observed stream flow), force the predictor variables to be serially complete, use optimal weights in z-score combination, set the minimum years of available data for the variable to be used in the configuration, set the T-Test limit for PCA, set the minimum predictor-predictand R2 and set number of principal components to retain in the Principal Components Analysis (PCA).
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Figure 17 – Advanced regression options selection box
 If the predictand data set contains zeros and/or negatives, and the transformation is natural log, for example, the user may want to add a constant to the predictand prior to the regression analysis, in order to insure that all values are positive. If a constant is used, Viper will calculate the regression coefficients and automatically remove the constant after the analysis is complete. This insures a more complete and robust analysis data set. If a constant isn’t used, the zero or negative year won’t be used in the analysis. A multiplier can also be applied to the predictand if the user desires.

The user has the option, at forecast time to produce a mixed past forecast for the predictor cell (G39) on the main worksheet. For example, if the saved configuration predicts a June-July forecast and the user desires to coordinate on the April-July forecast period, the “Use a mixed past forecast period” check box will be checked and the Start Month pull down box will be set to Apr and the End Month pull down box will be set to May. Doing this will add the observed Apr-May runoff to the predicted Jun-Jul forecast to produce an Apr-Jul forecast with the proper exceedance distribution.
The user has the option to force the predictors to be serially complete. The default for the Z-Score analysis is not to have the predictors serially complete. Of course, PCA will only select predictors with the required number of years that are serially complete.
The user has the option to force Viper to use optimal or equal weighting in z-score combination. Optimal weighting is the default.

The default minimum number of years of historical data needed for a variable to be included in the regression analysis is 5. The user has the ability to select a different value (hopefully not lower) if they see fit. Normally, a regression analysis should not be performed using parameters with less than fifteen years of observed data.
The minimum variance default is set to 0.09. This corresponds with a correlation coefficient (R) of approximately 0.30. Care should be taken in using a value lower than the default when selecting predictor variables for the forecast configuration. The relationship between the predictand and predictor is very small below this value and probably will not help explain a significant amount of variance in the forecast equation and may even increase the standard error.
The default T-Test limit for parameter exclusion from the Principal Components analysis is set to 1.6. The parameter will be rejected as not significant below this limit.
The user can let the program automatically select the optimum number of principal components to retain for the analysis (default), or specify the amount…not to exceed the number of parameters available.
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Figure 18 – Helper predictand selection box
The helper predictand selection box (figure 18) allows the user to extend a stream flow record beyond the period of record. The data record may be scant or there may be missing years within a longer historical record. Use of the helper predictand creates a relationship between the concurrent station records and uses that relationship to fill in missing data. There is an option to use the predicted values for overlapping years. The default is not to use the predicted values for overlapping years. There is another option to match the variance of the predicted years with the variance of the observed record. The default of this option is to match the observed variance. When using this option, the start and end months of the helper predictand should match the start and end months of the target station. If a mixed past forecast is desired, the mixed past selection box within the Advanced Regression Options selection box must also be selected (figure 17). The goodness of fit graph (figure 19) for the helper predictand will appear next to the goodness of fit graph for the equation.

[image: image20]
The user can set global instantaneous start dates and global accumulated start and end dates on the main worksheet. See figure 10. These start and end dates can be automatically invoked when the configurations are initially loaded. The default is not to automatically invoke the start and end dates.
There are “Allow Global Month Change” selection boxes on the Stations worksheet for each data type (Figure 20).

[image: image21.png]Data Types / Station Groups Routed Allow  Allow

Forecast Metadata Recent Data Negative Global
Sheet Name  Element Networks States Source Type  Custom Station List Count Updated Updated Weights M

1 SnotelSwe WIEQ  SNTL  BC,DMTNV,0RAWDE -] 532 11728m6 1/16/07 12:04 PM O

2 SnowSwe WTEQ SNOW  BC,D,MTNVORAWDB [ 1595 10n7m6 1/16/07 12:06 PM O 2
3 SnotelPrep PRCP  SNTL  BC,D,MTNV,OFAWDB [Z] 5% 11728m8 1/16/07 12:07 PM O 3
4 CoopPrcp PRCP  COOP AWDB Cowmbacooe (-] 80 /10107 1/16/07 12:07 PM O 4
5 USGSStm SRVO  USGS Uses Cotmbia e ToA s ves(=] 95 11/30/06 141607 12:12 PM O g s
6 NRCSStm SRVO  USGS  BC,D,MTNV.ORAWDB [l 846 122m7 1/22/07 9:43 AM O O s
7 sol ol CLMIND ~ NA AWDB 2 w7 1/16/07 12:13 PM o 7
8  Resenoir RESC  BOR BC.ID MT NV.OR AWDE [ 207 10n7m8 1/16/07 12:13 PM O O s
9 FRoued  SRVO  USGS  BCDMTNV.ORAWDE V. [ 497 101708 O g 9
10 BEARStrm SRVOO USGS AWDB Stewan Dam « Rainbow C{ | 1 1212906 1/1607 12:13 PM o o 10
11 BCMTMpre PRCP MPRC AWDB EcwTMpe & 1229m8 111607 12:13 PM O g n
12 = o o 12
13 = o o 13
14 (3] O O 14





Figure 20 – Global month change selection box on stations worksheet
If the box is checked, global month change will be allowed on that data type. If the box is unchecked, global change will not be allowed. Precipitation, stream flow and climate indices are examples of accumulation variables (Apr to Jul, Oct-1 to Mar, Jun-1 to Oct-1). Observed snow water equivalent is an example of an instantaneous variable. It is important that the global selection box on the stations worksheet be properly set to avoid any unintended consequences. The start and end dates for predictors with global month change selected can automatically be modified when the configuration is loaded within the Main worksheet, if global months are specified in the “Use Months From:” drop down box. The months specified in the global months change boxes on the Main worksheet (see figure 10) will be used. 
Using the /Viper/Optimize menu, the user can select Optimize Time Periods or Optimize Stations. These two optimization applications induce Viper to select the optimum time period for each station being evaluated and the optimum stations to use. Predictors must be selected to be considered during the optimization.
Optimizing the time period for each variable removes the laborious guess work and trial and error that was involved under the old “Regcomb” PCA software. When the time period optimization is complete, the selected predictors start and end periods are automatically adjusted accordingly (figure 21).

The station optimization module replaces the Regcomb PCA “best equation” search routine (figures 22 and 23). At the completion of the station optimization process, the user can select which equation is to be used and the associated predictors will automatically be selected by Viper.
When the hydrologist is satisfied with the statistical model, it can be saved, using the “Save Configurations” dialog box under the “Configurations” tab on the menu bar (figure 24).
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Figure 21 – Optimize time periods selection box
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Figure 22 – Station optimization selection box
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Figure 23 – Station optimization screen output
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Figure 24 – Save configuration selection box
The name of the configuration can be of the user’s choosing. Viper will add the USGS station id and the state designation within the configurations drop down box (13023000, WY, Greys R Abv Palisades Resv Nr Alpine). The Pub Code is explained in the table 1: 
	Publication Code
	Months published/unpublished

	a
	All months unpublished

	b
	January & February unpublished

	c
	January – March unpublished

	d
	January – April unpublished

	e
	January – May unpublished

	f
	January unpublished

	g
	February unpublished

	h
	March unpublished

	i
	April unpublished

	j
	May unpublished

	k
	June unpublished

	l
	May – June unpublished

	m
	April – June unpublished

	A
	All months published

	B
	January & February published

	C
	January – March published

	D
	January – April published

	E
	January – May published

	1
	January published

	2
	February published

	3
	March published

	4
	April published

	5
	May published

	6
	June published

	L
	May – June published

	M
	April – June published


Table 1 – Forecast publication codes
The “Clear” button (seen on figure 16) clears out the main worksheet, in order to start a new configuration. All parameters (target and predictors) plus analysis (Z-Score, PCA, tables and graphs) will be cleared. It is not necessary to do this, especially if your next development is for a forecast point in an adjacent basin, but doing so certainly removes the clutter and confusion.
In order to use a saved configuration as a forecast model, the user must update the recent data fields for each data element on the “Stations” worksheet (figure 25).

[image: image26.png]Recent Data
Updated

2/4108 813 AM
2/5106 306 AM
2/4106 816 AM
2/4106 B:17 AM
2/4106 8:19 AM
/4106 5:20 AM
/4106 5:20 AM
/4106 5:20 AM

/4108 8:20 AM
/4108 8:20 AM

Update &1

Update &1l 44DB




Figure 25 – Recent data update cells
Updating the recent data allows Viper to retrieve the current and previous year’s data for use in the configurations and static equations. Each element can be updated individually, or they can all be updated at the same time by selecting the “Update All” button. The current and previous years are determined by the forecast year designation on the “Viper Options” selection box (See figure 7).
After the configuration has been loaded into the Main worksheet and the current forecast calculated, the forecast can be coordinated. Select the Viper menu and select “Save/Coordinate Forecast”. The “Coordinate Forecast” selection box (figure 26) will pop up and the hydrologist will be able to coordinate all of the distribution forecasts.

Within this coordination box, the user can select the static equation forecast from the old legacy software, if it has been executed (see Managing Static Equations), or the new, viper configuration forecast and complete the coordination process. Either model (configuration or static) can be used as the Primary forecast value. This affects which standard error is used.
The hydrologist’s work forecast can be input as either a selected value or a percentage. The final coordinated forecast and the other distribution forecasts can be input in the same way.
The 30-year forecast average will be selected from the Averages worksheet within the Viper workbook or from the Averages data base. The program first looks for the average on the Averages worksheet, then the averages data base. The 30-year average can also be edited within the coordination box, along with any comments by the forecaster.
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Figure 26 – Forecast coordination selection box
The selected forecast (primary or secondary) can be saved to a FORT (forecast output regression table) file for distribution or archival (figure 26a). The FORT output is similar to the WYFOR “FCST” output files for a single station. A FORT file can also be produced for an entire basin, by selecting the “Review Forecasts” drop down box and selecting the “Save FORT Output To File” button for all basin forecast points. Once the forecast is coordinated, it can be saved within Viper or to AWDB (corporate database).
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Figure 26a – Single model fcst output file
Managing Static Forecast Equations
In order to make the transition to the new forecast environment as painless as possible, our legacy forecast equations were loaded into AWDB and can be managed through Viper. All of the forecast equations that have been developed over the years can still be used as primary or secondary forecasts. Viper makes it easier to redevelop new equations/models and execute them than the older regression combination (Regcomb) software and the WYFOR related forecasting software.
Viper can be used to develop new regression models. These models are developed on the Main worksheet by developing a relationship between the Target variable and the Predictor variables. Once the relationship has been developed, it can be saved as a dynamic configuration or as a static regression equation. The old equations can either be retired or replaced by the new equation. The equations can also be saved to the corporate data base. To save the forecast equation as a configuration, use the configuration drop down box. To save the forecast equation as a static equation, use the save equation drop down box. If the new forecast equation will be used to develop a relationship for a downstream forecast point, save the forecast output for routing in the “save equation” drop down box. The forecast output can also be saved for subsequent routing by selecting the “save forecast for routing” Viper menu item.
To manage and execute the current models, select /Viper/Manage Equations from the Viper menu bar. To manage equations, Viper needs BAST control files to select forecast models, just like the legacy software. The BAST files in the old /wyfor/control directory will work, or the user can create and specify control files in any accessible directory. The “change” button on the “Manage Equations” selection box (figure 27) is used to specify the directory where the BAST control files are located.
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Figure 27 – Manage equations selection box
When the directory is specified, Viper will scan for the necessary control file(s), select the first one in alphabetical order and check to see if there are any missing forecast points. The missing points may be ones that have been deleted by the hydrologist or they may be missing because the user missed listing a state on the “Stations” worksheet. If everything is OK, the user can select OK on the missing forecast points box to continue.
After selecting the forecast basin, there are several options on the manage equations selection box (figure 28). If there is more than one basin within the control file, all or individual basins can be selected for analysis. There are multiple forecast points within each forecast basin. All or a single forecast point may be selected for analysis. Publication (Pub) month must be selected prior to evaluating (or executing) the selected equations. When the selected station is shown in the manage equations box, the “Is Published” box is true for the primary, published equation and false for all others.

Within the manage equations menu box, the user has the option to view the selected equation, evaluate the selected equation, evaluate all equations within the selected basin, or coordinate the selected equation.
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Figure 28 – Manage equations selection box options
When the view equations option is selected (figure 29), the user can view the parameters, coefficients, and other pertinent information of the selected equation and edit the minimum of record, maximum of record, and any comments. However, these edits are only saved within the Viper spreadsheet. If the static equations are ever downloaded again from AWDB, these edits will be overwritten. The static equations should only have to be down loaded from AWDB to Viper one time. Once this is done and the user is happy with the static (legacy) equations, overwriting equation edits in Viper should not be an issue.
To evaluate or execute a selected forecast equation, select the wanted station in pane 4 of the manage equations menu box and select the “evaluate selected equations” button. The user must select a station and a fcst period for that station, or Viper will generate an error that no equations were selected. If all of the necessary data have been loaded into AWDB, the program will execute that model. If all of the data aren’t available to Viper, the program will ask the user to enter an edited value, use the average value, or skip that parameter entirely (figure 30). If the parameter is skipped, the forecast model will also be skipped. Within the missing data selection box, the user can check the save missing data box to have the edited data saved within Viper. If the box isn’t checked, the data won’t be available the next time the equation is evaluated. If the observed data value is entered into AWDB after the user has entered an edited value, the program will ask the user if the edited value should be deleted after the recent data have been updated on the Stations worksheet. If the edited value is deleted, then the AWDB value will be used. Otherwise, the edited value will continue to be used by the regression equation. 
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Figure 29 – View equation parameters, publication codes and statistical analysis information
The user can select the smart skip button to skip all of the missing data stations, or the use averages button to use the average for all of the missing stations. When all of the data parameters have an new value or the skip/use avg options have been selected, select continue to evaluate the equation. The process of evaluating all of the forecast equations for a selected basin works the same as for an individual station. It takes less than 30 seconds for Viper to evaluate all of the forecast equations for the entire Snake River Basin…if all of the data are available.
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Figure 30 – Missing data selection box
Once the equation(s) have been evaluated, they can be coordinated. The user selects the station and forecast period and selects the coordinate equation button on the manage equations menu box. At this point the coordination selection box will appear (figure 31).
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Figure 31 – Coordination selection box
If there is only a static equation, then it will default to the primary forecast. If there is an associated configuration equation, then the user can toggle select either the equation or the configuration as primary or secondary.
There are several other options within the coordination box. The user has the option of entering a preliminary (hydrologist) work forecast (volume or percentage) and/or a final forecast. When each value is input, the distribution values will change accordingly. The distribution values can also be changed independently from the forecast. The order for the distribution values is: 1) uses equation forecast, 2) uses hydrologist work forecast, 3) uses final coordinated forecast, 4) individual distribution value edit. The user can also select the view equation tab (figure 32) to see a summary of the forecast analysis. The normal forecast period average can be edited for report purposes only. Editing the normal in the coordination box will not affect a permanent change. The record maximum can’t be edited in the coordination box. This will have to be done in the view equation box (figure 28). Comments can be added in the comments box. The previous month’s forecasts box can not be edited.

As seen along the bottom of the Coordinate Forecast window, the forecaster can save the primary forecast to the server, save the forecast and forecast attributes to a file, promote the equation forecast to either the hydrologist or coordinated forecast, promote the hydrologist forecast to the coordinated forecast, jump back to the previous forecast or forward to the next forecast, approve the forecast coordination, or cancel the operation.
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Figure 32 – View current equation parameter values box
Create Reports and Review Files
There are several report formats available in Viper (figure 33). In the Viper Reports and FCST File Operations menus, the user can create an abbreviated basin forecast report (FMT), create parameter/configuration lists, update/create the FCST files, create a GIS-ready forecast file, create a GIS-ready recent data file, and create a GIS-ready snotel data projection file.
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Figure 33 – Viper report selection & FCST operations drop down boxes
· FMT Report

After evaluating the forecast equations, the user can create a FMT format file that can be used to share preliminary or final forecasts with others. Select Viper/Reports/FMT Report to get the report creation box (figure 34). The user must select the appropriate bast file directory than contains the control statements that determine which forecasts are included in the report.
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Figure 34 – Create FMT report selection box
The FMT report will be developed with coordinated forecasts (first choice) if they are available, hydrologist work forecasts (second choice) if the coordinated forecasts aren’t available, or the equation output forecasts (third choice) if neither the coordinated or hydrologist work forecasts are available.

The user has the option of selecting the month and year of the report, as well as the output format. The output can be sent to the FMT worksheet within Viper or saved to a file external to Viper. If the output is saved to a file, Viper asks the user if the output should be displayed or not. If the output is to be displayed, it is opened by the notepad application.
· FCST File Update
After all forecast equations have been evaluated and/or coordinated, the FCST file can be updated. The coordinated forecast columns within the FCST file should be zero, unless the forecast values have been coordinated. The update fcst output file selection box (figure 35) is accessed through Viper\FCST File Operations\Update FCST Report. 
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Figure 35 – Update FCST output file selection box
The user selects the directory where the applicable FCST file resides (also selectable under VIPER Options), selects the FCST file, the month and the year. Each time the FCST file is updated, a backup is created in a backup sub-directory where the FCST file resides. This backup file contains the basin, year, day, month, day, hour, and minute when it was created. For example the Snake River FCST file that was updated on April 6, 2007 at 4:21 pm would be named: fcstsn01_2007_04_06_1621. Individual forecasts may be analyzed one at a time, or the entire FCST file can be updated. An option has been added to reset the FCST file at time. When a FCST file has been reset, all equation, hydrologist and coordinated forecast values will be preserved and appended to the reset FCST file.
· GIS Files
Viper will create three types of .csv files to ingest into a spreadsheet or, more importantly, input into an ArcMap application. Through the Viper/Reports menu, the user can create 1) a file with all of the forecast locations, distributions and percentages, 2) a file with the last two years of data, selected by station groups, showing the data values, percent of average, averages and comparative analysis, and 3) a file of snotel swe and precipitation data projected to the first of the next month. The latter data are used to update forecasts between the normal first-of-the-month forecasts.
· Forecast Review
After forecast evaluation, a forecast report can be produced through the Viper/Review Forecasts selection box (figure 36).
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Figure 36 – Review forecasts and forecast report selection box
The user must select the control directory, the control file, the basin, and the stations within the basin. A single station, multiple stations, or all stations may be selected. A file with the default name of FcstOutput.txt will be created and placed in a directory specified by the forecaster. If the file already exists, the user can choose to append to the file or overwrite the current file. 

The forecaster can also coordinate selected forecasts from the review forecasts selection box.

Appendix I

Network Codes
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Appendix II

Z-Score regression methodology 


The z-score regression methodology is a flexible technique for developing regressions with non-serially complete datasets. It is conceptually similar to but has important distinctions from a principal components based regression technique. It involves developing a set of weights for each input station, combining the various input station time series based on those weights, and finally developing a standard regression between the target variable and the newly created composite time series. An extended version of the technique allows pre-lumping of variables across data types. 

Simple Example (1 data type, 2 input stations)

Y = Streamflow for a series of years


[1975  95


 1976  105


 1977  83

 
 1978  93


 1979  115]

X1 = Snow water equivalent for station 1


[1975  10


 1976  12


 1977  11

 
 1978  missing


 1979  12]

X2 = Snow water equivalent for station 2


[1975  missing


 1976  7


 1977  4

 
 1978  8


 1979  9]

The first step is to convert each input time series into a Z-score, by subtracting each year’s value by the period of record mean and dividing by the period of record standard deviation. 

Mean(X1) = 11.250

Stdev(X1) = 0.957

Mean(X2) = 7.000

Stdev(X2) = 2.160

Z(X1) = (X1 – Mean(X1))/Stdev(X1)

Z1 = Z-Score for station 1


[1975  -1.306


 1976  0.783


 1977  -0.261

 
 1978  missing


 1979  0.783]

Z2 = Z-Score for station 2


[1975  missing


 1976  0


 1977  -1.389

 
 1978  0.463


 1979  0.926]

Next, the weights for each site are determined. These are simply the square of the correlation coefficient between the input station and the target variable (in this case streamflow)

R(Z1,Y) = 0.648 

R(Z2,Y) = 0.818

R2(Z1,Y) = 0.420

R2(Z2,Y) = 0.670

Usually a user-specified parameter is the minimal acceptable correlation, below which a site should not be considered, e.g. if R2(Z2,Y) < 0.09, exclude this site. In the vast majority of situations, there is no sound hydrologic reason to use a site with a negative correlation with streamflow. However, a special exception involves the use of climate indices which may have a strong but negative correlation with the target variable. If an input station is identified as being allowed to have a negative correlation, as a pre-processing step, the time series will be inverted (i.e. multiplied by -1) to give its correlation a positive orientation and the rest of the analysis continues as normal.  

We can see that station 1 has a lower correlation with streamflow than station 2. Therefore we should develop a forecasting index that emphasizes the importance of station 2, giving relatively less weight to station 1. A composite time series is constructed based on a weighted average of available stations in each year, the weighting being dependant on the number of available sites. If both sites are available the composite time series has the form of 

C = Composite time series of station 1 and 2


(R2(Z1,Y) * Z1 + R2(Z2,Y) * Z2) / (R2(Z1,Y) + R2(Z2,Y))

But if the first station is missing, such as 1978 in the above example, the composite time series is simply equal to a weighted average of the remaining non-missing sites 

C = Composite time series of station 1 and 2 when station 1 is missing


(                             R2(Z2,Y) * Z2) / (                   R2(Z2,Y)) = Z2

And vice versus for if station 2 is missing (e.g. 1975)

C = Composite time series of station 1 and 2 when station 2 is missing


(R2(Z1,Y) * Z1                             ) / (R2(Z1,Y)                   ) = Z1

In the above example the composite time series becomes

C = Composite time series


[1975  -1.306


 1976  0.302


 1977  -0.954

 
 1978  0.463


 1979  0.871]

Note how 1975 and 1978 are identical to the original z-score value from the non-missing sites whereas the remainder is a weighted average of both time series.  

Finally, a linear regression equation is developed relating this composite index to the target variable. Excel’s standard regression package indicates that the slope and intercept of such a regression would be 9.153 and 99.342 respectively. The correlation between the composite time series and the target variable is 0.711 and R2(C,Y) = 0.505.

For realtime forecast operations, a new value of C is constructed for the current year and plugged into the regression equation developed. This means that each input time series is converted into a z-score using the mean and standard deviation calculated above (new means and standard deviations that include the current value are not recommended to calculate). These z-scores are then combined using the historical R2(Z1,Y), R2(Z2,Y) weightings calculated before. Missing values are handled as they were, described above, i.e. C is a weighted average of non-missing sites. 

Extended Example (2 data types, 4 stations)

In addition to the 2 input sites listed above (now X11 and X12), we wish to use 2 additional sites (X21 and X22) from a different datatype. For example, stations X11, X12 may be snow water equivalent whereas X21, X22 are precipitation sites. First, all of the above analysis would be completed for the 1st grouping. Next the analysis would be repeated for the 2nd grouping. Nothing limits the mix of sites across data types, i.e. nothing prevents nor requires that X11 and X21 be related or physically collocated. Likewise it is completely valid to have, for example, 5 stations of data type 1 and 2 stations of data type 2. 

X21 = Snow water equivalent for station 1, data type 2


[1975  23


 1976  35


 1977  22

 
 1978  missing


 1979  40]

X22 = Snow water equivalent for station 2, data type 2


[1975  missing


 1976  45


 1977  21

 
 1978  30


 1979  45]

Mean(X1) = 30

Stdev(X1) = 8.907

Mean(X2) = 35.250

Stdev(X2) = 11.843

Z12 = Z-Score for station 1, data type 2


[1975  -0.786


 1976  0.561


 1977  -0.898

 
 1978  missing


 1979  1.123]

Z22 = Z-Score for station 2, data type 2


[1975  missing


 1976  0.823


 1977  -1.203

 
 1978  -0.443


 1979  0.823]

R(Z1,Y) = 0.945 

R(Z2,Y) = 0.956

R2(Z1,Y) = 0.893

R2(Z2,Y) = 0.914

C2 = Composite time series for data type 2


[1975  -0.786


 1976  0.694


 1977  -1.052

 
 1978  -0.443


 1979  0.971]

Excel’s standard regression package indicates that the slope and intercept of such a regression would be 12.796 and 99.778 respectively. The correlation between the composite time series and the target variable is 0.947 and R2(C2,Y) = 0.897.

Now, an additional step is taken to combine composite indices into a composite-of-composites, again based on a weighted average of available sites. First each composite timeseries is renormalized into its own z-score based on its period of record. From the above examples, 

C1 = Composite time series for data type 1


[1975  -1.306


 1976  0.302


 1977  -0.954

 
 1978  0.463


 1979  0.871]

C2 = Composite time series for data type 2


[1975  -0.786


 1976  0.694


 1977  -1.052

 
 1978  -0.443


 1979  0.971]

Mean(C1) = -0.125

Stdev(C1) = 0.949

Mean(C2) = -0.123

Stdev(C2) = 0.904

ZC1 = Z-score of composite time series for data type 1


[1975  -1.244


 1976  0.450


 1977  -0.874

 
 1978  0.619


 1979  1.049]

ZC2 = Z-score of composite time series for data type 2


[1975  -0.733


 1976  0.904


 1977  -1.028

 
 1978  -0.354


 1979  1.210]

R(ZC1,Y) = 0.711

R(ZC2,Y) = 0.947

R2(ZC1,Y) = 0.505

R2(ZC2,Y) = 0.897

CC = Composite of composite time series of data types 1 and 2


[1975  -0.917


 1976  0.740


 1977  -0.972

 
 1978  0.003


 1979  1.152]

Excel’s standard regression package indicates that the slope and intercept of such a regression would be 11.502 and 98.200 respectively. The correlation between the composite time series and the target variable R2(CC,Y) is 0.901 and R2(CC,Y) = 0.812. In realtime operations, the composite time series would be constructed, and then the composite-of-composite time series would be constructed as well. Finally the just derived final slope and intercept would be used as the regression coefficients (i.e. Y = slope * CC + intercept). 


[image: image44]
Example of Z-Score regression setup involving many different data types, each data type producing its own regression, as well as the combination of data types producing its own hybrid regression. 

Potential Vulnerabilities of Z-Score Regression


One of Z-score regression’s greatest strengths is also its greatest potential for error. Given that the final time series used in the regression is a weighted average of available data, it can adjust for missing data by using only those stations in a given year that are not missing. Likewise, the length of the period of record is as long as the union of all of the data, as opposed to normal regression whose period of record is as short as the intersection of all the data, requiring serially completeness. 


One of the assumptions of Z-Score regression is that sites that are being combined together in a group are all capturing the same signal and if several groups are being combined together, each group’s signal is largely represented in every year. Consider the example of a regression involving two groups, with several stations in each group. One group is made of snowpack stations, which have an extremely high correlation with streamflow (e.g. R2=0.8), the other made of climate indices such as El Nino, which have relatively poor correlation (e.g. R2=0.15). In years where both the climate indices and the snowpack stations are present, the weighted average allows the snowpack stations to dominate, with climate given less weight. 

However, you may only have 20 years of snowpack data and 80 years of streamflow data. In the 60 years of only streamflow data, the composite index will be made entirely of streamflow data because the snowpack signal is missing. The result is that a normally low-skill, marginalized climate time series is allowed to dominate the calibration data set, and overall the skill of the regression relationship is much less than it would be if only years in which snowpack and climate data were present. 

Generally, one should try to avoid mixing and matching of stations that have very different skill levels and length of period of record. This is also relevant when it comes to realtime operations. Although you may have set up your calibration properly, if all of your realtime stations are missing data except one, the technique can still produce a forecast, but you must question the representativeness of the answer, particularly if the non-missing station normally has relatively less skill than the missing stations.  

Appendix III
Principal Components Regression

Background

In multiple linear regression, several independent variables (usually denoted as X) are used to predict a dependent variable (usually denoted as Y).  The method of minimizing the sum of squared errors is used to fit an equation of the form:

Y  =  a0  +  a1 * X1  +  a2 * X2  +  ...  + an * Xn 

where n is the number of independent variables, and the a’s are the coefficients estimated by the least squares algorithm.  If the X’s are statistically unrelated to each other, that is, if they have minimal correlations among themselves, then a straightforward application of the multiple regression methodology works fine.  If, however, the X’s are related to each other, that is, if they have significant intercorrelations, then the X’s contain redundant information, leading to what is called collinearity.  If this is the case, standard multiple regression has difficulty in estimating the coefficients (a’s), often leading to nonsense values, such as negative coefficients for X’s having a positive relationship with Y.  If a standard variable selection procedure, such as stepwise regression, is used under these conditions, many of the X’s will be rejected even though they have good relationships with Y.

It is preferred, for reasons of physical completeness and model robustness, to use more than just a small subset of the available X’s as predictors.  To get around the problem of collinearity, two procedures are commonly used:  (1) pre-combine the X’s into a single composite index or combine X’s into separate composite indexes of like variable types (e.g., snow water equivalent, precipitation); or (2) principal components regression.  The z-score methodology incorporated into Viper is an example of the first method.  Principal components regression has been used by the NRCS since the early 1990s and is described below.

Principal Components Analysis

Principal components regression is standard regression, but the difference is that, instead of using the X’s directly, new variables, called principal components, are used instead.  Principal components are simply linear combinations of the X’s.  Conceptually, this is similar to the composite index method, except that instead of creating one composite index, there are n principal components.

Each principal component (PC) is a weighted sum of all the X’s:

PC1  =  e11 * X1  +  e12 * X2  +  ...  + e1n * Xn

PC2  =  e21 * X1  +  e22 * X2  +  ...  + e2n * Xn

...

PCn  =  en1 * X1  +  en2 * X2  +  ...  + enn * Xn

where the e’s are weights.  The set of weights for each PC is called an eigenvector; these eigenvectors are derived from the solution of a matrix equation in the principal components algorithm.  The main input to this matrix equation is the correlation matrix of all the X’s with each other.  The result of the principal components analysis and the construction of PC’s is that each PC is statistically unrelated to all of the other PC’s.  That is, by making this transformation, new variables have been constructed that no longer contain collinearity.

It should be noted that the weights contained in each eigenvector are based solely on the intercorrelations among the X’s and have no knowledge of Y.  This is in contrast to the z-score method, where the weights are based on each X’s individual correlation with Y, but there is no knowledge of the intercorrelations among the X’s.

Principal components analysis is commonly used as a descriptive tool in situations where there are many intercorrelated X’s available, and the analyst wishes to summarize them into a small number of combination variables that relate to some identifiable characteristics.  Usually the eigenvector weights on the X’s within a given PC will be relatively large on certain variables and noticeably smaller on others.  The X’s with the higher weights tend to be of like kind.  The weights on a different PC will generally be higher on a different kind of X.  In this way, the PC’s can often be interpreted, and this can be the main purpose of the principal components analysis in some studies, the idea being that a large number of X’s can be reduced to a few PC’s that still explain most of the variance (or information content) in the data set.

For example, in water supply forecasting, the snow water equivalent variables are often weighted highly on, say, the first PC, while other variable types, such as fall precipitation or streamflow, are weighted highly on, say, the second PC.  While this is not a completely “pure” association, because each PC has at least some weight on every X, these interpretations can often be made.

For water supply forecasting, however, principal components analysis is not done just for descriptive purposes, but rather it is used to prepare new uncorrelated independent variables for developing regression equations.  This is described in the next section.

Principal Components Regression

Once the principal components analysis has been done to compute the eigenvectors, and the PC’s have been constructed, the data are ready for linear regression.  The issue at this point is then to determine how many PC’s to include in the regression model.

This is accomplished as follows.  Principal components can be arranged in the order of explained variance in the X data, that is, the first PC (PC1) explains the highest amount of the variance, the second PC (PC2) explains the second-highest amount of the variance, etc.  PC’s are added to the regression model one at a time, beginning with PC1.  The statistical significance of the regression coefficient for PC1 is tested with a standard t-test, using a user-selected critical t value.  If the coefficient passes the t-test, then PC2 will be added to the model.  The statistical significance of its regression coefficient is subjected to the t-test; if it passes, then PC3 will be tried, and if it fails, the regression model uses only PC1.  PC’s are incorporated into the model as long as their regression coefficients are statistically significant.

Once the number of PC’s to include has been determined, the regression coefficients and the eigenvector weights are manipulated algebraically to transform the regression results from the PC’s to the original X variables.  An additional requirement of the algorithm implemented in Viper is that the algebraic sign of the coefficients for each X be the same as the sign of its correlation with Y.  If not, either a fewer number of PC’s are tried or the model is rejected.

Appendix -- Bibliographical Notes

Principal components analysis is a standard multivariate statistical technique discussed in many textbooks and included in most statistical software packages.  A good treatment of principal components analysis and regression in a hydrological context is given by McCuen and Snyder (1986; chapter 11).  Other, more mathematically rigorous presentations can be found in texts such as Johnson and Wichern (1988; chapter 8).  Problems of collinearity in regression are also common in textbooks; a good discussion is found, for example, in Kleinbaum et al. (1988; chapters 11 and 12).  The use of principal components regression by the NRCS is described by Garen (1992).
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Figure 19 – Helper predictand goodness of fit (on the right)








PAGE  
2

[image: image45.emf]Z

-

score

transform

Linear 

regression

with 

streamflow

Basin index

combination

Hybrid

combination

SWE 

(inches)

Z

-

score 

(

-

)

Basin Z

Index (

-

)

Site weighting based on 

correlation with streamflow

Z

-

score

transform

Linear 

regression

with 

streamflow

Basin index

combination

Accumulated

Precipitation

(inches)

Site weighting based on 

correlation with streamflow

Streamflow 

forecast (

kaf

)

Z

-

score

transform

Linear 

regression

with 

streamflow

Basin index

combination

Climate 

Indices

(

-

)

Site weighting based on 

correlation with streamflow

(also accounts for negative 

correlation)

Technique weighting based 

on calibration performance 

of each system. 

Streamflow forecast ( kaf ) Z

-

score

transform

Linear 

regression

with 

streamflow

Basin index

combination

Hybrid

combination

SWE 

(inches)

Z

-

score 

(

-

)

Basin Z

Index (

-

)

Site weighting based on 

correlation with streamflow

Z

-

score

transform

Linear 

regression

with 

streamflow

Basin index

combination

Accumulated

Precipitation

(inches)

Site weighting based on 

correlation with streamflow

Streamflow 

forecast (

kaf

)

Z

-

score

transform

Linear 

regression

with 

streamflow

Basin index

combination

Climate 

Indices

(

-

)

Site weighting based on 

correlation with streamflow

(also accounts for negative 

correlation)

Technique weighting based 

on calibration performance 

of each system. 

Streamflow forecast ( kaf )

[image: image46.png]0

600

500

an

00

B

100

200

a0

0

600

500

an

00

B

100

y=0716x+101 52

F=05%2

00

200 a0 600

00



