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About the Red Bluff Software

As part of the Red Bluff Diversion Dam Fish Passage Program (Red Bluff Program) the
United States Bureau of Reclamation (Reclamation) and the Integrated Decision Support
Group (IDS) are developing software for an IBM compatible Personal Computer for
preforming multi-criteriaanalysis. This software will be used to develop and evaluate possible
management alternatives for the Red Bluff Diversion Dam (RBDD) along the Sacramento
River in Northern California. This software is general enough to eventualy analyze
management alternatives for other sites and purposes.

Currently, the Red Bluff Software helps users formulate management alternatives to
address fish passage problems associated with the Red Bluff Diversion Dam and to compare
their alternatives with previously considered alternatives. This project is designed to evaluate,
solicit, and track public input into the management alternatives and decisions.

Hardwar e Requirements

The Red Bluff Software requiresalBM compatible Personal Computer with a 486
processor. Windows 3.1 and DOS 6.0 or higher needs to be installed with 8 megabytes of
available Random Access Memory (RAM). The monitor should be able to display 1024 x 768
pixels (super VGA).

Project Members: For moreinformation contact:
Dr. Luis Garcia, IDS Dr. Luis Garcia-- IDS Group
Arne Jamtgaard, IDS Colorado State University
Bob Lange, IDS Fort Collins, CO 80523 USA
Mohamed Rami Mahmoud, IDS Phone: (303) 491-5144
Tom Pruitt, Reclamation Fax: (303) 491-2293

Dave Robinson, Reclamation E-mail: garcia@ LANCE.ColoState.EDU



1.0 Introduction

1.0 Introduction

With conflicting interests between different groupsfor determining management strategies
for public resources (companies, agencies, etc.) becoming more common, multi-criteria
analysis has become an essential technique in business, industry, and government. Multi-
criteriaanalysis is amethodology for ranking management alternatives based on defined
evaluation criteriathat are weighted by the user. Multi-criteriaanalysis provides arational
methodology for decision making in the face of uncertainty. It enables the decision maker to
choose among alternatives.

The Red Bluff Software presented here isatool to be used in gaining a greater
understanding of the issues surrounding the Red Bluff Diversion Dam Fish Passage Program.
This software uses the concept of Multi-Criteria Analysis to compare alternatives.

1.1 About This Document

At the current stage of development, avariety of additional features are planned which
would be beneficia in helping and informing users. Plans call for comprehensive on-line help
and background information. This documentation covers the design and use of the software.
Technical information on the issues and problems of fish passage at Red Bluff Diversion Dam
can be found in Reclamation (1992) and Reclamation (1993).

1.2 Thelntent

The intent of this software is to create a system with the flexibility to change individual or
combinations of variables and quickly display the impacts on management alternatives. By
providing this flexibility, the user can gain a greater understanding of important issues
surrounding the fish passage problem at Red Bluff Diversion Dam. Reclamation will solicit
feedback on development alternatives for the Red Bluff Diversion Dam from within
Reclamation and eventually from the public using this software.

Aswith any software, new users may not be familiar with behind the scene workings and
calculations from which the visual comparisons are generated. As aresult, it isimportant for
Reclamation to gain input on this prototype system to make it an acceptable means of
communicating the technical issues. Section 4.0 provides atechnical overview of multi-criteria
analysis. In this prototype testing phase of the project, Reclamation seeks assistance in testing
the assumptions and sensitivity of the models we have chosen. Reclamation seeks input on all
aspects of the Software, from the layout of the various screensto types and waysin which users
would like information displayed.

1.3 The Software

There are three different modules within the software. The first module allows users to
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1.0 Introduction

define new aternatives. The second module allows the user to compare different alternatives,
and the third module allows users to evaluate alternatives using the multi-criteria analysis
program. A wide variety of both technical and layman users have been and continue to be
considered while devel oping the software. Different user levels can be set depending on the
familiarity with the software. At the software’ smost advanced level, the technical team hasthe
ability to adjust nearly al the various assumptions made in determining the ranking of
aternatives.

< Compare Alternatives >

COpening ScreerD >@efine New Alternativea

@ser Information ScreerD

CMuIti-Criteria Analysis>

Figure 1: Navigational Schematic of the Red Bluff Software

1.4 TheUse

Eventually, the Red Bluff Software will allow the public to use the new capabilities of
multi-criteria analysis within the framework of afriendly interface. Information on the
individual users of the system will be tracked and the scenarios devel oped by the user will be
stored. The user will have the ability to view pre-defined management alternatives alongside
their own alternatives using the same global variables, such as salmon mortality rates. These
same global variables can be changed by the user and used to compare al the alternatives. For
example, if the price-per-pound of ocean commercia salmon is changed, the new price-per-
pound rate will be used for comparing all the alternatives. (i.e. comparing apples with apples,
instead of apples with oranges).
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2.0 Current Alternatives

2.1 Introduction

Alternatives are a combination of assumptions and managements decisions that can be
expected to yield certain results, including construction costs and fish mortality rates. The Red
Bluff Software allows the user to create new alternatives, but it a'so contains current
Reclamation alternatives devel oped through the overall Red Bluff Project. Most of the current
aternatives revolve around fish ladders, gate scheduling and pumping plant, bypasses, and
combinations of these three elements. A pplications and combinations of these concepts vary
among the alternatives.

2.2 What are Current Alternatives?

Current alternatives are ashortened list of alternativesthat have been considered for RBDD
in the past and are included for a starting point in developing and evaluating new alternatives.
The Red Bluff Software will also consider aternatives generated through additional ideas and
comments provided by the public, theinteragency team, Federal, State, and local agencies, and
others. All aternatives assume pre-1987 conditions.

2.3 Fish Ladder Concepts

3A3.....Increaseleft and right fish ladders' flow to 800 cfs (cfs = cubic feet per second) and
build new center fish ladder with 1,000 cfs flow

3B3.....Replace |eft fish ladder to increase flow to 2,100 cfs, increase right fish ladder to
800 cfs, and build new center fish ladder with 1,000 cfs.

3C3.....Replace |eft fish ladder to increase flow to 3,000 cfs, increase right fish ladder to
800 cfs, and build new center fish ladder with 1,000 cfs.

2.4 Gateand Fish Ladder Concepts

3AA4.....Increase left and right fish ladders' flow to 800 cfs and build new center fish ladder
with 1,000 cfs. RBDD gates would be open from Dec. 1 to April 1

3B4.....Same as Alternative 3A4 but replace left fish ladder to improve flow capacity to
2,100 cfs.

3CA4.....Same as Alternative 3A4 but replace |eft fish ladder to improve flow capacity to
3,000 cfs.

2.5 Gate Scheduling Pumping Plant Concepts

When agricultural users require irrigation water and the gates are open the only way to
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supply irrigation water to the T-C Canal isto install a pumping plant at the base of the dam to
pump water into the canal for distribution. Therefore, when the gates are open and thereisan
irrigation demand the pumping plant is assumed to be operational.
4aA....... Build a pumping plant with a capacity of 2,720 cfs, the full amount of diversionsto
the T-C Canal. Keep RBDD gates permanently open.

4B....... Build a pumping plant with a capacity of 2,480 cfs. Lower RBDD gates during the
peak demand summer months (mid-May to mid-July) to supplement diversions to
the T-C Canal, creating Lake Red Bluff for those months.

4C....... Build a pumping plant with a capacity of 1,360 cfs. Lower RBDD gatesfrom April
15 to October 1, creating Lake Red Bluff for those months.

2.6 Combination Fish Ladder and Pumping Plant Concepts

4C1.....Increase | eft and right fish ladders’ flow to 800 cfs. Build a new center fish ladder
with 1,000 cfs flow. Build a pumping plant with a capacity of 1,360 cfsto divert
water from October 1 to April 15. Lower RBDD gates from April 15 to October 1,
creating Lake Red Bluff for those months.

4C2.....Same as 4C1 but new center fish ladder would have a flow capacity of 2,100 cfs.

2.7 Comparing Alternatives

Reclamation considers four planing criteriawhen evaluation alternatives: acceptability
(politically and publicly acceptable and compatible with existing regulations), effectiveness
(how well it solves the salmon mortality problem), efficiency (solves the salmon mortality
problem cost-effectively), and completeness (how much of the salmon mortality problemis
solved).

* Acceptability isameasure of public opinion.
* Effectivenessis a measure of salmon survival.
» Efficiency is ameasure of economic factors.

This software considers acceptability, effectiveness, and efficiency. The overall RBDD
Program will address compl eteness.
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3.0 Software Description

o Red Bluff Software -

Demonshation Copy -- 11/10/94
Developed by the Integrated Decision Support Group (1DS)
For The United States Bureau of Reclamation

efine New Scenarios Compare Scenarios Multi-criteria Analysis

Figure 2: Opening Screen

3.1 Opening Screen

1. Define New Alternatives -
The Define New Alter natives Screen allows the user to formulate new management alternatives.

2. Compare Alternatives -
The Compare Alter natives Screen is used to evaluate all alternativesincluding alternatives created by the user.
Four alternative can be displayed at on time at the technical user level, two at the int4ermediate level and one at
the basic level.

3. Multi-Criteria Analysis -
The Multi-Criteria Analysis Screen allows the user to run a multi-criteria model that weighs and analyzes
alternatives to rank them based on the various criteria and the methodol ogy presented in section 3.0.

4. New User -
Allows the user to register as a new user and to enter information such as name, address, interest group, user

level, etc.
5. Tutorial -

Still under construction. Currently demonstrates sound capabilities.
6. Help

Help displays text designed to introduce the user to the software.
7. Quit

The Quit option will exit the interface.
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3.0 Software Description

3.2 New User

M‘ Welcome 1o the Red Bluff Project]

‘ YWhat is vour name? |Joe

0f the following groups. choose one to which you woueld mast likely belong:

» Agriculiural Water User
» Commercial Fisherman
> Envircnmental Group Member
4 Government Agency Representative
» Citizen of Red Bluff
» Dther

How would you rate your skilt level as a user of this program?
- Basic
» Intermediate
% Technical

V= Wore: 2

Comact Information (OFTIONAL)

Street Address ]Federﬂl Center |

City. State. 7ip ]nﬂnvm, Co l

Phone Number | [303) 555-1212| l

Figure3: New User Screen

1. What isyour name?
The information for this question will be used as the base name for the scenarios the user creates. (e.g. Figure 3
would be alternative Joe). As the user creates additional new alternatives they can be saved as a name chosen be
the user using the File Save option in the Define New Alter natives Screen. If the user enters afirst an last name
only the first name will be used as the base name for the alternatives.

2. |Interest Groups -
Thisinformation will be valuable to Reclamation for understanding some of the motivations for alternative
variable choices and weights set for evaluation criteria.

3. Skill level of the user -

The basic level displays only one graph at atime and has less flexibility setting parameters. Technical is for the
most sophisticated users of the system and offers more choices for variable settings and graphs that are
displayed.The intermediate level is a balance between the two. All the figures in this document are from the
intermediate user level.

4. Contact Information -

Thisinformation is optional. In the future, entering this information would add the user to the Red Bluff Project
mailing list and the user would receive progress updates and meeting notices.
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3.3 Define New Alternatives

=-‘ Define New Scenarios Screen
- Ladders & Bypass - |River Inflow |é| Current Scenario
- 4a +
Right Bank ¢ 340 > 400 | Sacramento River Inflow I;I
Center ¢ None > 1000 25000 Total Project Cost
Left Bank <+ 340 > More I Gates $ 8.81 million
20000
| Inflow
15000 Benefit/Cost Ratio
Bypass 4 No »Yes 10000 1.31
- Controls -
2 Public Opinion cfs 3000 Cost Effectiveness
¢ Salmon Mortality Rates 0 281
> Economic Factors JAN JUN DEC
Monthly Flow Data Pawer Cost
Salmon Mortality Rates | $ 210 million
Contract Obligations |;I
Gates
Total Salmon Passage
I 1T Dlasx —
i H N EEC ‘ RBDD Contract Obligations 22870
Ladders
I [T [Dlosox 3000
Supplemental Flow I Gates 2400
] [T =l || |]Demand 1800

Pumps
Al [T [=lso00% 1200 Compare ? Help

Bypass cfs 600
=] [T [osox 0
&l [T [Pleoox

Bypass Efficien Monthly Flow Data
= 1 [2lsooox Fiesave] | g e

| Set I |Reset| 77777777777777777777777777

Gate Schedule (checked means closed)

Figure 4: Define New Alternatives Screen with Fish Mortality Rates.

1. Ladders& Bypass-
There are three positions where fish ladders can be constructed or already exist on the diversion dam (left, center,
and right). The left fish ladders are along the north bank of the Sacramento River and the right ladders are along
the south bank. Currently, there are fish ladders on both the left and the right bank of the river. Some alternatives
propose enlarging these ladders and possibly installing a center ladder. A bypass would be an aternate route for
salmon past the dam. Currently no bypass exists, but some proposals suggest installing one.

2. Controls-

There are three types of controls (Public Opinion, Salmon Mortality Rates, and Economic Factors). These are the
same controls as in previous screens. Public Opinion and Salmon Mortality Rates controls will be displayed
within the Define New Alter natives Screen and the Economic Factors control will bring up the screenin 2.1a
(Figure 2). The Public Opinion Control isdisplayed in Figure 4.

3. Graphs-
These line graphs are mainly for setting the gate schedule. Selecting one of the boxes under the graphs closes the
dam for atwo week period (two boxes represent one month).

4. Total Salmon Passage -
Total salmon passage is the amount of salmon fry that successfully make it past the Red Bluff Diversion Dam.

5. Total Salmon Mortality -
Total salmon mortality isasummation of all the mortality rates for salmon fry migrating to the ocean and salmon
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runs back up the river to spawn.

6. Current Alternative.
When one of the alternatives is selected the data for that particular alternative will be reflected along the right
side of the window under the current alternative scroll list. The user can modify this alternative and save with the
File Save option.
=-‘ Define New Scenarios Screen
- Ladders & Bypass - |Cuntracl Obligations |£| Current Scenario
. 4 +
Right Bank ¢ 340 > 800 | RBDD Contract Obligations = 4]
Center 4 None > 1000 3000 Toial Project Cost
Left Bank <& 340 > More I Gates 2400 % 6.81 million
| Demand
5 ‘N N 1800 Benefit/Cost Ratio
ypass 0 es 1200 1.31
- Controls -
cfs 600 Cost Effectiveness
0 4
#» Economic Faclors JAN JUN DEC
Monthly Flow Data Power Cost
Estimate Public Opinion Y % 2.10 million
River Inflow |£|
o Neutrgl s Total Salmon Passage
«Oppose uppo ‘ Sacramento River Inflow 228720
Agricultural Yyater Users
> e [oat 25000
dales
Commercial Fishermen I Inflows 20000
pE 15000
>En\al}rl:lnrr;entz:llsts> 10000
Government Agencies cfs 5000
>0 > ¢ o 0
Citizens of Red Bluff JAN JUN DEC
S A Monthly Flow Data
. e FiIeSavel vDK
Gate Schedule (checked means closed)
Figure5: Define New Alternatives Screen with Public Information Input
7. Total Projected Cost -
The total projected cost of each alternative is the cost of all the new construction that would be expected for that
alternative.
8. Benefit/Cost Ratio -
The benefits include recreational and commercial economic viability for salmon runs. The cost is the annual
equivalent cost.
9. Cost Effectiveness -
Cost effectivenessis the amount of fish that will survive based on the annual equivalent cost of construction.
Cost effectiveness is the expected time period for the construction over the total projected cost.
10. Power Cost -

Power cost isthe electricity cost for operating the pumps when the gates are open to deliver the amount of water
required by contract obligations for theirrigation canal.
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11. Compare -
The Compare button will bring up the Compar e Alter natives Screen.

12. FileLoad -
The File Load button will bring up a dialog box that allows the user to select an alternative from afile. The
alternatives listed will include all the user created alternatives. The user can currently load 14 new alternativesin
addition to the 11 current alternatives.

=| Load User Files
File Name; Directories:
|".alt_ | c:\aproject
Ci |
altial.alt 1 B o\ +
alt3ad.alt ) B2 aproject
altib3. alt s #2 arnecode
alt3b4_alt 82 sorc
altic3.alt
alt3cd. alt
alt4a_ alt
alt4b.alt + +
List Files of Type: Drives:
|Alternﬂtives |£I | Hec Iél

Figure6: FileLoad Option from the Define Alter natives Window

13. File Save -
The File Save button will bring up a dialog box that allows the user to save an aternativein afile.
=| Save User Alternatives and Global Variables
File Name: Directories:
|i|3hn.alt_ | c:\aproject
[ |
] B :
| B aproject
o #7 arnecode
B3 sorc
+ -
Sawve File as Type: Drives:
|Altemﬂtives Iél | o Iil

Figure 7: File Save Option from the Define Alter natives Window

14. Help, Cancel, and OK -
The Help option will display text designed to help the user. Cancel will return to the original screen without
saving any changes. OK will save any values changed in the economic factors or the salmon mortality rate
controls and return to the original screen.
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3.4 Compare Alternatives

=-‘ Compare Scenarios Screen
Scenarios Benefit{ Cost Ratio |£|
[aa 2] Benefit/Cost Ratio
[0 2]
|| Benefit’Gos
X B
= B
Controls
> Economic Factors
4a 4b ad 3C4
% Salmon Mortality Rates
Alternatives
Salmon Monrtality Rates |
Gates Total Fish Survival |é|

+ -+ 9 N )
el [T (2305 Fish Survival

Ladders

I [T [3osex

20000.0000 |T0ta|
Supplemental Flow
Al 1 T2l 16000.0000
Fumps 12000.0000
1 [2s0w0% 3000.
Bvpass 4000,
=] [T [2losox% o

Screens 4a 4h 3Ad 3C4
I [T [+coo=x

Bypass Efficien
&l [ 1 [2ls000%

| Set I |Reset|

Alternatives

‘ ? Help | ‘xCancell W

Figure 8: Compare Alternatives Screen

1. Alternatives -

Four different alternatives can be selected for comparison. Selecting the arrow on the right hand side of
alternative title box will display a scrollable list with different alternatives.

2. Controls-
Two types of controls can be set (economic factors and salmon mortality rates). The economic factors control
setting will bring-up a new screen at the technical user level with economic and other miscellaneous factors and
will bring up asmall scroll window for the intermediate user level with just the economic factors. Similarly, the
Salmon Mortality Rates option will bring up a small scroll window with salmon mortality rate settings for both
levels. At the basic level these controls are not displayed.

3. Graphs
The graphs that can be displayed in this screen have to do with legal or physical limitations on the system that all
alternatives must adhere to.

4. Help, Cancel, and OK
The Help option will display text designed to help the user. Cancel will return to the original screen without
saving any changes. OK will save any values changed in the economic factors or the salmon mortality rate
controls and return to the original screen.
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3.4a Economic and Other Factors

~=-| Economic And Other Factors
Cost Factors Fisheries Data
Total Construction Costs Salmon Base Population - Fall Calch to Escapement Ratios
x| I >] 100 % | I 3] 9400000 Winter
" - C ial
Construction Period Salmon Base Population - Spring flmmﬂmlﬁ | 4| 15400
[« [ I*] 10years | [ T=] 13000.00 )
. - . - . River Sport
Operations, Maintenance, and Repair Salmon Base Population - Yinter | P i 5] .00
E3| L1 [2] 100% E3| I [+] 200000 )
0 Sport
Power Cost Salmon Base Population - Late Fall \:cleﬂn pa | [+] 533.00
+] | +] 1002 [3| | +] 11000.00 :
i i ity - Non-Wint
Econgmics Faclors River Carrying Capacity - Fall on-¥Winl f"
+] | +] <4oo000.0 Commercial
. . . . 2| | +] 1420.00
In:eresl Rate =] 675% River Carrying Capacity - Spring
1+] -3 | I +] 1500000 River Sport
i i L | [ =] &0.
'IIlps per Salmon for River S-Eu:lrl5 6 River Camying Capacity - Winter 60.00
K3 I B BN ] I 3] 2000000 Qgean Sport
i 4-| | -b| 580.00
T:ps per Saiman for Ocean fpn;‘“] River Carrying Capacity - Late Fall
£ I A BN E ] I 3] 1500000
Yalue per Trip for River Sport
1-| I -bl 51.00
Value per Trip for Ocean Sport
+] I +] €0.00
Price per Pound of Salmon
+] | +] 257
| VDK | ‘xl:annel | ? Heln |

Figure9: Economic and Other Factors Screen

1. Cost Factors-
The cost factors include annual equivalent cost; the period of construction; the operations, maintenance, and
repair costs that can be expected over the life of the system; and finally the power costs that can be expected for
the pumps when the gates are closed.

2. Economic Factors -
The economic factors include the interest rate that can be expected on the loan for construction costs; trips per
salmon for river sport and ocean sport fishing; value per trip for river and ocean sport fishing; and price per
pound for salmon.

3. Fisheries Data -
The fisheries data include the salmon base population rate for fall, spring, winter, and late fall; river carrying
capacity for fal, spring, winter, and late fall; and catch-escapement rations for winter and non-winter (rates are
for commercial, river, and ocean sport fishing).

4. Help, Cancel, and OK
The Help option will display text designed to help the user. Cancel will return to the original screen without
saving any changes. OK will save any values changed in the economic factors or the salmon mortality rate
controls and return to the original screen.

5. Note
The percentages and numerical values were given arealistic range of values to fluctuate. For example the
maximum interest rate that is currently allowed is 8.75%. These ranges can be changed by the system manager, if
needed. These ranges are currently set with as much latitude as can be expected to realistically occur.
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3.4b Salmon Mortality Rates

4.

5.

6.

Balmon Morality Bates |

Gates

“"I t I 'Pl K| | R

Ladders
*‘I [ | ‘*l 058 22

Supplemental Flow

+1 E 1 =] 1000 %
Fumps

E3| | 2 500%

Ehpass
+ | i+l 058 %

Screens
4" [ I "l .08 25

Bypass Efficiency
] 5000 %2

+..
Sat I Rezat

Figure 10: Salmon Mortality Rates

Gates -
The salmon mortality rates for gates reflect the loss of fry to predation when the gates are closed.

Ladders -
The salmon mortality rates for ladders reflect the loss of salmon on the upstream run and the efficiency of the
ladders in increasing the number of salmon that make it past the diversion dam to reproduce.

Supplemental Flow -
Supplemental flow is aflow of water near the base of the fish ladders to lure the fish up the ladder.

Pumps -
The pump mortality rates reflect the loss of fish caught in the pump inlet.

Bypass -
There may be some dangers from predators in the bypass.
Screens -

The screens are on the inlet to the irrigation canal to keep the fish out of the canal where they are lost to the river
and vulnerable to predation.

Bypass Efficiency -
The bypassis proposed as an alternative route for fish around the diversion dam, there will be a certain efficiency
associated with this bypass for the mortality rate. The efficiency is the number of fish that would use the bypass
if it was constructed.

Red Bluff Software Description 12 Draft -- 2/7/2



3.0 Software Description

3.5 CriteriaWeights

— Assign Weights for Criteria

Effectrveness - How important is improving the salmon run?

1 % | [SetSuberiteria]

Efficiency - How Important is the cost?

O [set Subcrtenia

Acceptability - How important is interest group support?

] 30 % {Set Subcriteria

Percent Allocated

Figure 11: Assign Weights for Criteria Screen.

1. Help and Cancel
The Help option will display text designed to help the user. Cancel will return to the original screen without
saving any changes.

2. Run-

Thiswill run the multi-criteria analysis software and the alternatives will be ranked according to the criteriain
this screen and other screens.

3. Effectiveness - How important is improving the salmon run?
Effectiveness measures how well the alternative solves the problem. The values for these criteriareflect aweight
of how important each criteriaisin the overall decision making process for ranking the alternatives. One hundred
percent means that it is very important to improve the salmon run. This value will be used for all the alternatives
that are evaluated with the multi-criteria analysis.

4. Efficiency - How important is the cost?
Efficiency is ameasure of how cost effective the alternativeis. One hundred percent means that the cost isavery
important concern. This value will be used for all the alternatives that are evaluated with the multi-criteria
analysis.

5. Acceptability - How important is interest group support?
Acceptability is a measure of how politically and publicly acceptable and compatible with existing regulations
the alternative is for various interest groups. Interest groups consist of many different citizen groups. For
example, citizens of Red Bluff who have an annual boat race, commercial fisherman who want to maintain the
salmon runs, environmental groups, and others.
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Percent Upstream salmon passaqe effective (overall)

3] o%

Percent upstream salmon passage effective (winter run)

11 2] 0%

Environmentalists

2%

Gowverntimental Agencies

Fed Blaff Ciizenry

Effectiveness Acceptability
- How important is improving the salmon run? - How important is interest group support
— Assign Weights for Efficiency Subcriteria

MNet Annual Benefits

Benefit-cost ratio

|

Cost effectiveness index

30 %

Efficiency - How Important is the cost?

Note - The percentages of effectiveness, efficiency and acceptability sub-criteria
must add up to 100 percent.

Figure 12: Sub-Criteria for Effectiveness, Efficiency, and Acceptability
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3.6 TheMulti-Criteria Analysis Screen

=-| Multi-criteria Analysis Screen
Alternatives
Alternatives Ranked by Criteria [1.4a |
100
| Effectiveness B 3
S5 | Efficiency - =
50 | Acceptability
3.4C +
25 | El
Rank g
4.4c2 3
4a 4b 4C 4C2 ‘ u
Alternatives
Effectiveness Subcritena gl
|Ranking by Effectiveness Subcriteria
100
| Upiwinter
5 [ upioverai
50 | DowniWinte
- | DowntOvera
Rank g
d4a 4b 4C 4C2
Alternatives Change Weights
‘ ? Help | ‘ xtance\l / i
Figure 13: Multi-criteria Analysis Screen.
6. Graphs-

The graphsin the Multi-criteria Analysis Screen at the intermediate user level represent how the various
alternatives are ranked (Figure 13). The different bar colors represent the three criteria. At the basic user level,
only thefirst graph is displayed and at the technical level the criteria and the sub-criteria are displayed.

7. Alternatives -

Four different alternatives can be selected for comparison. Selecting the arrow on the right hand side of the
alternative title box will display a scrollable list with different alternatives. This scrollable list orders the ranked
alternativesin relation to the user defined criteria. The best ranked alternative is displayed first.

8. Change Weights -
The Change Weights button will return the user to the Assign Weights Screen.

9. Help, Cancel, and OK -
The Help option will display text designed to help the user. Cancel will return to the original screen without
saving any changes. OK will save any values changed in the economic factors or the salmon mortality rate
controls and return to the original screen.
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4.0 Technical Overview for Multi-Criteria Analysis

In the past decade much attention has been paid to multi-criteria eval uation approaches to
determine management alternatives for complex public resource systems. As the decision
making task increases, researchers have observed systematic discrepancies between rational
theory and actual behavior. In other words, given the choice between management alternatives
people will not consistently select the “best” alternative based on evaluation criteria. Evidence
exists that even experts in public resource management have great difficulty in intuitively
combining information in appropriate ways (Goicoecheaet a, 1982). Because of the severe
limitation on the intuitive decision making process, analytical methods can be used to help
determine the worth of multi-attributed alternatives. One technique that has been used
successfully ismulti-criteriaanalysis. Thismethod can rank existing alternatives quantitatively
according to weighted criteria

In the area of water resources allocation the operation of a multi-purpose reservoir like the
Red Bluff Diversion Dam may call for delivering irrigation water while still trying to maintain
minimum water levelsin the reservoir and downstream to accommodate environmental,
commercial, and recreational goals. These goals, can often be conflicting in nature. By trying
to satisfy these goals simultaneoudly, it may no longer be clear what is the best management
aternative. his software allows the user to define aternatives and set the relative weights of
evaluation criteria. In this software the evaluation criteria are effectiveness, efficiency, and
acceptability.

4.1 Theory

Multi-criteria evaluation methods deal with afinite number of feasible choice possibilities
(courses of action, strategies, solutions, alternative plans or projects), while continuous
methods, multi-objective eval uation methods, may encompass an infinite number of possible
choices. The main aim of multi-criteriaevaluation methodsisto provide abasisfor classifying
anumber of possible choices on the basis of multiple criteria.

In general, the analysis of al discrete problems can be represented in four components:

1- { D}, the set of decision or action variables (alternatives).

2- {q}, the set of uncontrollable variables or states of nature, or events.

3- f(q), the probability distribution for the states of nature or the
importance of the objective.

4- The payoff function, R(D,q), the loss function L(D,q), or the utility

function U(D,q).

An evaluation matrix or the payoff matrix is shown below. Therating of theith criterion on
thejth alternative (i = 1,2,........ mandj=1.2,....... n) is represented by r;;.
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Thisisthe evaluation matrix (sometimesalso called impact matrix or project effect matrix).
Thismatrix has elements which represent ameasure of the quality of aternativei for criteriaj,
i.e. the effect of alternative i on the judgement criteriaj. In traditional evaluation methodsitis
assumed that rj; is measured on a cardinal matrix. In the case of a qualitative evaluation
problem, r;; may be measured on an ordinal, binary or nominal scale.

For example, in the Red Bluff software the predefined aternatives will be 4A, 4B, 3A4,
3C4, etc. and the evaluation criteriawill be effectiveness, efficiency, and acceptability. The
efficiency criteriaare subdivided into three sub-criteriawhich are net annual benefits, benefit-
cost ratio, and a cost effectivenessindex. The evaluation matrix can be represent for three sub-
criteriaand the four alternative as:

3771 516 —979 —-1101
1.50 1.08 0.52 0.69 2
297 211 144 172

There are different methods to solve the multi-criteria evaluation problem represented by
the utility matrix like Exclusionary screening (Goicoechea et a, 1982), conjunctive Ranking
(Goicoechea et a, 1982), PROMETHEE method (Brans and Mareschal, 1989), Copelend’s
Reasonable Social Welfare (Goicoechea et al, 1982), Compromising Programming (Zeleny,
1973), Weighing Average Method (Carver, 1991), Electre Method (Nijkamp and van Delft,
1977), Goa Programming method (Budnick et al,1988) and Analytical Hierarchal Procedure
method “AHP” (Harker, 1988).

The method choice depends on the characteristic of the problem faced. Hobbs (1979)
identified four criteriawhich can be used to compare and evaluate multiple objective or criteria
methods:

1 - Theoretical validity.

2 - Flexibility.

3 - Results compared to other methods.

4 - Ease of use.

In the Red Bluff Software, the Weight Average Method (Carver, 1991) satisfies the four
criteria represented by Hobbs.

The Weighted Average Method is probably the most commonly employed comparative
evaluation procedure. Essentially, numerical values are obtained for each rj; and weights are
assigned to each criterion. The most important step in multi-criteria evaluation methodsisthe
assignment of weights. Weights reflect the relative importance of the various impacts
considered. To obtain weights, the decision maker is asked to distribute a constant number of
points (let usassume 100) among the criteriaso that the number of pointsallocated to an criteria
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reflects its relative importance.

Let {w;: i=1,2,....m} represent the set of weights assigned to each criterion. Also, let rj;
represent anumerical value developed for thei criteriaandj alternative. Theworth, U;, for the
| dternative can be represented as.

m
U = a wirj; 3
i=1

The decision rule is to select the alternative with the greatest worth, that is,

Uoptimal = maXaIIjUj (4)
Before applying the wei ghing average method, astandardized method should be applied on
the impact matrix. The formulafor standardize is:

. _ (rj—min 1)) _
modified r; = - for allj )
' (max r;—min r;)

where max r; and min r; indicate the maximum and minimum value for criteriai anong all
aternatives.

4.2 Example

An example of how this same methodology could be applied to another management
situation. Consider a County Government that is eval uating three alternative highway projects
A,B and C, meant to replace or upgrade existing roads. Assume that the following criteriaare

important:

1- Travel time, measured as the achieved reduction in the number of motor
vehicle hours per year.

2- Noise, measured as the achieved reduction in the number of dwellings
for which the noise level caused by traffic exceeds a certain acceptable
level.

3- Road safety, measured as the expected reduction in the number of

vehicle accidents per year.

Animpact analysisgivesriseto thefollowing evaluation matrix, with the alternativeslisted
horizontally and the criterialisted verticaly:

50000 100000 80000

=150 -100 100 (6)
80 60 50
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Hence, in Equation (6) thevaluefor alternative 1 and criteria 1l would be 50,000, alternative
2 and criteria 1 would be 100,000, alternative 1 and criteria 2 would be 500, and so on.

Assume that the weights (determined by distributing 1 point) are:

W= 1040204 (7)

These weights may not be applied in Equation (1) unless the impact matrix is standardized
by Equation (2), since otherwise the result would depend in an arbitrary way on the dimension
chosen for the criteria. For example, if travel time would be measured as the number of motor
vehicle hours per day, quite different result would be obtained. Applying Equation (2) will
result in the following matrix:

0 1 06
r=11 0 0.333 (8
10333 0

by applying the weighted average method, the utility values will equal:
U = (Uy, U, Uz) = (0.6,0.533, 0.307) 9

The alternative A (Uq)has the largest utility (worth) which meansthat alternative A is the
best alternative. This method has been applied in different areas and gives satisfactory results.

Red Bluff Software Description 19 Draft -- 2/7/2



5.0 References

5.0 References

Brans J.P. and B. Mareschal. (January 1989). “The PROMETHEE Method for MCDM.”
The Promcalc, Gaia & Bankadviser Software. V.V.B and V.L.B. Universities of Brussels,
Belgium.

* This paper describes the PROMETHEE Method and gives an example.

Budnick Frank S., Dennis M cL eavey, and Richard M ojena. (1988). “Principles of
Operations Research for Management.” Richard D. IRWIN. Illinois, USA.

» This book describes the fundamentals of decision analysis goal programming and the
utility function.

Carver, Stephen, J. (1991). “Integrating multi-criteria evaluation with geographical
information systems.” Int. J. Geographical Information Systems, vol. 5 no. 3, pp. 321-339.

* This paper represents a case study for integrating multi-criteria evaluation with
geographical information systems. It illustrates shortages of GIS in evaluation the
physical planning projects. It illustrates amethod for classifying information in GISwith
multi-criteria evaluation. The case study uses the Weighting Average Method.

Duckstein, L. and S. Opricovic. (1980). “Multi-Objective Optimization in River Basin
development.” Water resources Research, vol. 16 no. 1, pp. 14-20.

* This book describes the benefits of using the multi-criteria evaluation models for water
resources management.”

Duckworth W.E., A.E. Gear, and A.G. Lockett. (1977). “ A Guide to Operational
Research.” John Wiley & Sons, New Y ork.

* This book describes decision analysis and decision rules. It gives anumber of examples
in different areas.

Elwood S. Buffaand James S. Dyer. (1978). “Essentials of Management Science /
Operations Research.” John Wiley & Sons, Santa Barbara, CA, USA.

» Thisbook givesabrief illustration of evaluation models based on utility functions. It also
explains the Weighing Average Method with examples.

Elwood S. Buffa and James S. Dyer. (1981). “Management Science/Operations Research.”
John Wiley & Sons, Canada.

* Thisbook gives an illustration of optimization techniques and evaluation models. It
illustrates the utility function in a gambling problem.

Frederick S. Hillier and Cerald J. Lieberman. (1990). “Introduction to Operations
Research.” McGraw Hill Publishing Company, New Y ork.

* Thisbook gives an introduction to optimization methods, games theory, linear, and
nonlinear programming. It also describes the decision tree method.

Goicoechea A., D. Hansen, and L. Duckstein. (1982). “Multi-Objective Decision Analysis

Red Bluff Software Description 20 Draft -- 2/7/2



5.0 References

with Engineering & Business Applications.” John Wiley and Sons, New Y ork.

* Thisbook describe the different methods for multi-criteria evaluation and multi-objective
function evaluations. It also describes the theory of non-dominant sets of alternatives.
This book describes the steps for choosing between different methods and gives a
completeillustration of the Weighing Average Method theory and supported by an
example.

Harker, Patrick T. (June 1988). “The Art and Science of Decision Making: The Analytic
Helrarchy Process, Decision Science Department.” The Wharton School, University of
Pennsylvania, U.SA.

* This paper presents an overview of the philosophy and methodology which underlies the
Analytic Heirarchy Process method. After introducing the method through a series of
examples, the theoretical basis of the method is described.

Hobbs, B.F. (1979). “ Analytical Multi-objective Decision Methods for Power Plant Siting: A
Review of Theory and Applications Division of Regional Studies.” New Y ork.

* Thisbook describeshow to choose amulti-criteriaanaysis method for solving aproblem.
It gives a case study in regional planning.
Nijkamp P., P. Rietveld, and H. Voodg. (1990). “Multi-criteria evaluation in physical
planning.” Elsevier Science Publishers B.V.

* Thisbook discusses the use of multi-criteria eval uation replacing the benefit cost ratio in
physical planning. It also describes four case studiesin different areas. One of the case
studiesis solved by using the Weighing Average Method.

Nijkamp P. and Van Déelft A. (1977). “Multi-criteria analysis and regional decision
making.” Martinus Nijhoff Social Sciences Division, Netherlands, Leiden.

* This book gives an introduction to multi-criteria evaluation.

United States Department of the Interior Bureau of Reclamation (Reclamation). (1992).
“Appraisal Report: Red Bluff Diversion Dam Fish Passage Program.” Reclamation Mid-
Pacific Region, Sacramento, California.

» The 1992 appraisal report evaluated alternatives to determine which alternatives will still
be considered. The alternativesfrom thisreport areincluded asthe current alternativesin
the Red Bluff Software.

United States Department of the Interior Bureau of Reclamation. (July 1993). Red Bluff
Diversion Dam Fish Passage Program Status Report. Bureau of Reclamation,

Mid-Pacific Region, Sacramento, California.

*» The 1993 Status Report is a good description of the direction and scope of the Red Bluff
Diversion Dam Fish Passage Project as of 1993.

Zeleny, M. (1973). “Compromise Programming, Multiple Criteria Decision Making.” Univ.

Red Bluff Software Description 21 Draft -- 2/7/2



5.0 References

of South Carolina Press, Columbia.

* This book illustrates the theory of Compromise Programming as a technique to solve
multi-criteria evaluation problems and provides examples.

Red Bluff Software Description 22 Draft -- 2/7/2



