Martin Dam
Multi-Criteria Decision Analysis



Challenges to Decision Making

“Humans are quite bad at making complex, unaided
decisions” (Slovic et al., 1977).

“There is a temptation to think that honesty and common
sense will suffice” (IWR-Drought Study p.vi)

Individuals respond to complex challenges by using
intuition and/or personal experience to find the easiest
solution.

Groups can devolve into entrenched positions resistant to
compromise



Higher

24 Alternative Scenarios

Alternatives
1(2(3(4|5|6|7|8]|9(10(11(12(13|14|15|16]17]|18[19(20(21(22|23|24
Early Spring XIX[X[|X]X[X XIX[X]|X[X[X
Existing Base | X X X X
E 1 X X X X
o 2 X X X X
£ 3 X X X X
= 4 X X X X
5 X X X X
Fall Extension XIX[X|X|IX[X|X[X]|X|X[X]X

e 24 Alternatives!
e Study Plans
 Model Outputs (Generation, Flooding, etc.)




What’s the Issue?

24 Alternatives!

Tremendous amount of data developed
Disparate Datasets Q, ‘a <
— Water Quality (Good, Bad, etc.) $
— Flood Control (% Time in Zones) E

— Habitat, Recreation (Release Rates, days)

— Generation (MWH or S)
— Cost (S)

Various Interest Groups (I’'m more Important)




Solution: MCDA

Systematic Process for Analyzing Discrete
Multi-Variate Decisions or Alternatives

Creates a Standard Scoring Process

Means of Documenting Decisions

lterative & Interactive Process




Decision Process Options

Comparative Risk

Assessment (CRA)

Define Problem Limited SH involvement

Generate Altern. DM selected
Develop Criteria Not explicitly defined

Relative Importance Non-Quantitative by DM

Rank & Selection Opaque selection by DM

e SH — Stakeholder
e DM — Decision Maker

SH input after problem
definition by DM or experts

Generated w/ experts in
formal manner.

Criteria & sub-criteria
defined

Criteria Weights estimated
by DM

Sum Criteria Scores,
Qualitative discussions

SH input incorporated at
project onset

Includes expert & SH
involvement

Criteria & sub-criteria
defined by experts / SH

Criteria Weights defined &
tested by DM & SH

Algorithms using weights
and scores



MCDA Applications

Example Projects
— Columbia River — Assessment of Salmon Habitat and Power Generation

— Glen Canyon Dam — MCDA to evaluate Operational Alternative impacts to the Glen
Canyon National Park

— Saluda Dam — Assisted in evaluation of 12 guide curve alternatives on generation,
recreation, pond control and habitat (Kleinschmidt project)

EPA Document:

“The end result of the application of multi-criteria decision analysis is a comprehensive, structured
process for selecting the optimal alternative in any given situation, drawing from stakeholder
preferences and value judgments as well as scientific modeling and risk analysis... The MCDA
framework links technological performance information with decision criteria and weightings
elicited from decision-makers, allowing visualization and quantification of the trade-offs involved in

the decision-making process.”



Martin Dam Goals & Objectives

Simplify!!l Compile Results for all Alternatives

Evaluate Criteria with a standardized scoring
approach (1-5 Scores)

Consider variable criteria weights for groups

Develop an Objective and Defensible
approach (vs. Subjective)



Major &
Sub-Criteria

Martin MCDA Input Data

Major/Minor Criteria Units Dbjective Source
Maximire economic Smd
Generation & Energy 3 benefit from annnal energy 12(2)
produced
Lake Besources
A . Minimize potential for 3
v . . . Are-Days imTeased aquatic ?2
egetation/Sedimentation vegptation/sedimentation (k)
Smudy
. . . Aligimize potential for 12(d);
Erosion Change in Boating Diays increased erosion in lake Smdy
12(=)
G Positive, Somewhat
Quati Goodd, Mo Effect, Maximire overall water Stady
Water Somewhat Bad, quality in Lake hMartin 12ic)
BadMegative
Maximire estimated Stmd
Eecreation # of Fecreation Days recTeation days ooouTing 12
on Lake Martin =
Maximire esimated Stmdd
Lake Property Valnes % Change Crver Baseline property valnes on Lake
Bart 12(H)
Dicwmsiream Fesources _
Minimize potential for Smd
Erosion # of Days Over Baseline imTeased erosion 12
dommsirearm ()
Guoﬁl?r;rgvﬁa,xinmlm AMarimize overall .
Water Crality Somewhat Bad, ;I;Jquflrtym[krwnstreamufthe li(c]j
BadMegative
. # of Days Flows > §,000 _— .
Paddlefish Spawmning Thurlow D i spawning conditions Study 3
cfsat dowmstream of Thrlow
#of Days Flows = 5,000  Glaklmize potential for
Recreation cfs and = 18,000 cfs at whitewater boating Stady
lflnn-]anh.:n oppormmities downstresam 1IXMH)
of Thurlowr
Beserodr Management _
L - Drays of Spill at Martin Minimize amoumnt of spill Stady
Additional Days of Spill Dam from Martin 12{s)
Blinimize potential for Smdy
Dieamstrearm Flooding ArTes mereased flooding 12(s)
dowmsirearmn of Martin
Mlazimize days Thorlow
- # of Days Flows at oy . Sty
Thurlowr Mintmmm Flow Thurlow Dem = 1200 cfs oo™ fow requirement ),
is excesded
G Positive, Somewhat
Water Supply/Dirought Goodd, Mo Effect, Maximire amoumnt of water Stady
Managzement Somewhat Bad, available in Lake 12(5)
BadMegative
Stakeholder Preferences
Dietermine relative
Least Important — Blost N — Touday’s
Group Preferences I tamt (1 t0-4) importapce of major Mloeti




Model Data Assembly

Maor Lriteria Sub-riteria units Gbjestive| 1 2 3 4 5 3 7 ] ] 10 11 12 13 14 15 16 17 18 19 L) Hn 2 23 2
|
Enargy I
Generation & Energy s Max | 0 170,000 256000 355,000 329,000 234,000 | -1S9.000 -28.000 17000 LU0 -ZLOUO  -70,000 | 270000 -54,000 132,000 103,000 8,000 -242000 196,000 243,000 -297,000
Lake Resources |
1o Dy Min  TR93§ 82000 105156 116932 197420 136988 | A4.350 85,725 95325 INETS  11LATS | 165,884 192000 74230 204827 | 234734 ITA000 1AM M459m 406,497
e in Boating Days 0 5440 13508 LS8 24478 27188 | 19,038 32637 40,796 41516 45236 | 20817 35357 54,385  ST.115 | 48956 54,395 8555 TMOTIA 76,153
Good/Positive - Bud/Neg, Max NE NE NE NE NE E 3 B B B 8 58 8 58 BN BN BN BN BN
Reaeation #of Recreation Days Max | 368173 375537 386582  397.627 401309 404991 | 393,045 400309 412354 423,399 J27.081 430763 | 408672 416,005 441,008 445400 | 434884 41908 452851 463,80 aTL282
Lake Property Velues % Change Over Baseline Max 0.0% 7.T% B.8% 2.8% LY 126% | I04%  104%  104%  I04%  113%  126% | 107%  107% 1 126% | 107w 0T% 107% 12.6%
Downstraam Rasourcas
Erosion # Days Uver Bas ] 12 03 FE 37 52 116 126 143 147 176 6 18 2 =l a3 58 122 132 149 153 171 182
water Quality Good/Pasitiv NE NE NE NE NE NE NE NE NE NE NE s8 58 s8 58 58 58 58 s8 58 58 8 8
Paddlefish Spa # Days Flows » 5,000 CFS 0 a 5 H 13 53 52 58 (] n 96 ] 4 ] 5 13 53 52 58 5 n & %
Hecreation #of Days Flows > 5k a5 5 55 55 55 55 63 63 63 &3 63 63 £ 13 56 b 56 56 i ] 61 [ o @
Reservair Management
Addn'l Days of Spill Days of Spill at Martin Dam [ 5 10 17 2 12 8 26 17 132 122 3 s 20 ELS 8 5 116 120 137 147
Downstresm Flooding Acrcs 19.924 2056 30568 22043 22500 23277 | 22853 13630 23,989 24347 24347 | 20,635 30968 22,755 1312 23988 | 23,565 24343 34343 W01 25059 35059
Thurlow M Days at Thurlow = 1200 CFS W2 04 305 306 37 w7 W5 07 09 310 310 2% 298 302 303 303 299 301 303 305 306 306
Good/Positive - Bad/Negalive Max NE 56 3G 5G G G 56 56 56 56 G 55 G G 3G 56 G 56 56 G 56 5G

Weter Supply { Drought Mymt

* |nclude Qualitative and Quantitative

 Assembled from Reports, Study Resu
Opinions

Data drive the Results!

Data
Its, Models & Ex

pert



Discussion of Studies

e 12-Series Studies
— Energy & Generation (Quantitative)
— Water Quality (Qualitative)
— Downstream Flooding (Quantitative)



Example MCDA

Goal: buy new car
Criteria: Cost
Options:

— Car 1 ($10,000)

— Car 2 ($20,000)

Optimal Solution: Car 1



Example MCDA

Goal: Buy new car

Criteria: Cost & Safety Rating
Preference: 50%Cost, 50%Safety
Options:

— Car 1(510,000/ 1 stars)

— Car 2 (520,000 / 3 stars)

Convert Criteria to 1-5 Scale (5 best)
— Car 1 (Cost-2, Safety 1) = 1.5

— Car 2 (Cost-1, Safety 3) = 2.0

Optimal Solution: Car 2



Example MCDA

Goal: buy new car

Criteria: Cost & Safety Rating

Preference: 80%Cost, 20%Safety (Cost is 4x Safety)
Options:

— Car 1(510,000/ 1 stars)

— Car 2 (520,000 / 3 stars)

Convert Criteria to 1-5 Scale (5 best)
— Car 1 ([Cost]2*0.8 + [Safety]1*0.2) = 1.8
— Car 2 ([Cost]1*0.8 + [Safety]3*0.2)=1.4

Optimal Solution: Car 1




Energy

Lake Resources

Downstream Resources

Reservoir Management

Input Data Detalil

Generation & Energy

Aquatic Vegetation/Sedimentation
Erosion

Water Quality

Recreation

Lake Property Values

Erosion
Water Quality

Paddlefish Spawning

Recreation

Additional Days of Spill
Downstream Flooding

Thurlow Minimum Flow
Water Supply/Drought Management

Acre-Days

Change in Boating Days
Good - Bad

# of Recreation Days

% Change Over Baseline

# of Days Over Baseline
Good - Bad

# of Days Flows > 6,000 cfs at
Thurlow Dam

# of Days Flows > 5,000 cfs
and < 18,000 cfs at Thurlow
Dam

Days of Spill at Martin Dam
Acres

# of Days Flows at Thurlow
Dam >= 1,200 cfs

Good - Bad

Max

Min
Min
Max
Max
Max

Min
Max

Max

Max

Min
Min

Max
Max

1 2 3 4 5 6
0 170,000 286,000 355,000 324,000 234,000
78,976 92,020 105,189 116,936 127,445 137,052
0 5,440 13,599 21,758 24,478 27,198
NE NE NE NE NE NE
368,173 375,537 386,582 397,627 401,309 404,991
0.0% 7.7% 8.8% 9.8% 11.3% 12.6%
0 12 16 23 37 52
NE NE NE NE NE NE
0 4 5 5 19 53
55 55 55 55 55 55
0 6 10 17 22 32
19,924 20,256 20,568 22,043 22,500 23,277
302 304 305 306 307 307
NE SG SG SG SG SG



Conversion of Data to 1-5 Scale

Salary Score
20 1
60 3

100 5

Linear Interpolation
Between Min-Max
Values!!

Score

40

60
Salary (1000's Dollars)

80

100

=9=Score



Conversion of Qualitative Data

Good/Positive
Somewhat Good/Positive
No Effect
Somewhat Bad/Negative
Bad/Negative

= N W & U




Example — Paddlefish Spawning

ALTERNATIVE BASELINE 1-FT 2-FT 3-FT 4-FT 5-FT
WINTER PooOL LEVEL 0 4 5 5 19 53
EARLY SPRING FILL 52 58 65 71 83 96
FALL EXTENSION 0 4 5 5 19 53
EARLY SPRING FILL & FALL 52 58 65 71 83 96
EXTENSION

ALTERNATIVE BASELINE 1-FT 2-FT 3-FT 4-FT 5-FT
WINTER PooL LEVEL 1.00 1.17 1.21 1.21 1.79 3.21
EARLY SPRING FILL 3.17 3.42 3.71 3.96 4.46 5.00
FALL EXTENSION 1.01 1.17 1.21 1.21 1.79 3.21
EARLY SPRING FILL & FALL 3.17 3.42 3.71 3.96 4.46 5.00

EXTENSION




Converted 1-5 Scores

Major Criteria Sub-Criteria Units Objective
Energy
Generation & Energy $ Max 3.20 4.06 4.65 5.00 4.84 4.39
Lake Resources
Aquatic Vegetation/Sedimentation Acre-Days Min 483 4.68 4.52 439 4.26 4.15
Erosion - linked to rec days Change in Boating Days Min 5.00 4.71 4.29 3.86 3.71 3.57
Water Quality Good/Positive - Bad/Negative Max 3 3 3 3 3 3
Recreation # of Recreation Days Max 1.00 1.29 1.71 2.14 2.29 2.43
Lake Property Values % Change Over Baseline Max 1.00 3.44 3.80 4.11 4.57 5.00
Downstream Resources
Erosion # Days Over Baseline Min 5,00 474 4.65 4.49 419 3.86
Water Quality Good/Positive - Bad/Negative Max 3 3 3 3 3 3
Paddlefish Spawning # Days Flows > 6,000 CFS Max 1.00 1.17 1.21 1.21 1.79 3.21
Recreation # of Days Flows > 5kcfs and < 18kcfs Max 2.05 2.05 2.05 2.05 2.05 2.05
Reservoir Management
Addn'l Days of Spill Days of Spill at Martin Dam Min 5.00 4.84 473 454 440 4.13
Downstream Flooding Acres Min 5.00 4.74 450 3.35 2.99 2.39
Thurlow Min Flow Days at Thurlow > 1200 CFS Max 3.00 3.50 3.75 4.00 4.25 4.25
Water Supply / Drought Mgmt. Good/Positive - Bad/Negative Max 3 4 4 4 4 4




Major Criteria Weighting

Purpose: Applies greater emphasis on
personal areas of interest (but still allows
consideration of all criteria)

Start by choosing the LEAST important Major
Criteria — assign it a value of ‘1.

Then choose how many TIMES MORE
important are the other criteria (1-4 weight)

Rules: Limit of 1-4, can have ties in weights,

can use 0.5 increments. Maijor Criteria
Energy

Lake Resources
Downstream Resources
Reservoir Management




Decision Preference Groups

"o | Grow Josenion

1 Base Base Case — Equal Weighting All Groups
2 LMRA/ Lake Martin Resource Association /
HOBO Homeowner and Boat Owners
3 ADCNR  Alabama Department of Conservation & Natural Resources
4 ADEM/  Alabama Department of Environmental Management,

OWR Office of Water Resources

APC Alabama Power Company
Env. WWEF, American Rivers, Alabama Rivers Alliance
D/S Downstream Interests

USACE United States Army Corps of Engineers

O 00 N O U

USFWS United States Fish & Wildlife Service



Model Interface

) i ]’—Ll .1_._| |i| 20101013_Martin_MCDAxIsm - Microsoft Excel -8B X
--- Page‘ﬁyout Reuie Wiew Deuper ﬁ.ns Acrabat - 3 X
5]
= B ﬂI -
* G -1 - |[A A7) |= ==[%] |S [cenen S/ IR ? ﬁ
=3 == o Delete - -G- -
Faste = =| g'__ §_§| || % -8 = ”-:-.n -ﬂﬂ| Conditional Format Cell Sort & Find &
- . : E i Formatting = as Table = Styles ~ LEanrmat' <27 Filter~ Select~
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Startwhich is Least importont Major Criteria for each group (assigned
LMRA / ADEM
- Mator Criteria Base|' om0 ADCNR WR Env. DJS USACE USFWS asa 1), then decide how many times MORE important the other
criteria are. Scale Range is ONLY 1-4. You can have ties in weighting.
4 Energy 1 1 1 1 1 1 1 1 1
5 Lake Resources 1 1 1 1 1 1 1 1 1
] Downstream Resources 1 1 1 1 1 1 1 1 1
7 Reservoir Management 1 1 1 1 1 1 1 1 1
B
g === All Group Weights as
10 determined in the October 13th,
11 2010 meeting need to be added
12 into table above. Run Maodel
13 o o o
Major Criteria |
14 NOTE: Be sure to 'Enable Macros' to Run Model 5
15

Energy
Lake Resources
Downstream Resources
Reservoir Management
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