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• Long- te rm  water m aste r planning (10 - 20  years)
• Annual (1 to  5 years), budgeting and m em ber governm ent rate  advice
• Seasonal source  allocation

– Source  allocation, seasonal outlook
– Agency wide  cro ss functional team

• Weekly Operational Decision Suppo rt
– Optim ized Regional Operations Plan (OROP): optim izes wellfie ld  

pum page to  m axim ize  environm ental value
– Weekly coo rdination am ong departm ents o f the  agency

Mult i- t im e Step  Decisio n  Pro cess 
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Tam pa Bay Water Mo dels: 
Seaso nal Flo w Outlo o k

Climate Outlook 

& 

Observation

Rainfall/Runoff 
Model

Contingency Table

Weather-based 
Rainfall Model

02/18 03/18 04/18 05/18 06/18 07/18 08/18
0

50

100

150

200

M
or

ri
s 

Br
id

ge
 (m

gd
)

5/95

25/75

50

Last Year Flow

02/18 03/18 04/18 05/18 06/18 07/18 08/18
0

50

100

150

200

A
la

fia
 (m

gd
)

5/95

25/75

50

Last Year Flow

 

  

4%

54%

42%

< 1%

42%

57%

< 1%

55%

45%

10%

60%

30%

2%

52%

46%

5%

58%

36%

Above

Normal

BelowMorris

Bridge
Alafia

April

March

February



4

Tam pa Bay Water Mo dels: 
Seaso nal Dem and Fo recasts

Long-term demand 
projections (social-
economic factor)

Weather observations 
& Forecasts
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Sim plified  TBW water supply system
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Input  and  o utput  o f the  Mo del

Stream flow 
pro jections

Regional dem and 
pro jections

Monthly water 
productio n from  
diffe rent supply 
sources



MOEA-assisted  Seaso nal Allo cat io n : 
Retro spect ive  analysis
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Object ives o f the  Seaso nal Allo cat io n  Mo del

Minimize:
• deviation from annual budget (in mgd )
• total cost of water production (in relative monetary 

values)
• Under -Utilization of groundwater use
• Over-Utilization of groundwater use
Examples of Operating Constraints:
• Keep reservoir storage full at the end of water year
• surface water treatment operation efficiency
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Co nfigurat io n  o f the  m o del: Fram ewo rk
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PAM: Pro ductio n Allo catio n Mo del
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Co nfigurat io n  o f the  m o del: 
In te ract io n  be tween  PAM and BORG

Mixed Integer 
Pro gram m ing

MOEA/ Bo rg

PAM fixed variables –  MOEA/ Borg decision variables 
(groundwate r productio n from  two  m ajo r supply sources)

PAM decision variables –  allocation from  o ther sources

Evaluatio n o f 
o bjective  functio ns

Groundwate r 
production from  two  
m ajo r supply sources

Qj
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Setup  PAM in  AMPL as Sim ulat io n

PAM problem  –  24- m onth source  allocation to  satisfy 
m onthly dem ands fo r a given water availability (to  be  
withdrawn from  TBC and Alafia river)
PAM objective  as optim izing preferential operation via 

penalty functions
PAM constraints –  operating rules, facility capacity, water 

distribution balance , e tc .
PAM equality constraints –  evaluation o f m ulti- objectives 

fo r MOEA/ Borg
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Overarching question: Fo r each m onth in  WY20 17, 
how m uch im provem ent in  source  allocation if 
MOEA was used?

Retro spect ive  analysis using MOEA

Water year 20 17 with  an extrem e dry spring
Retrospective  fo recast o f dem and and flow at 

beginning o f each m onth
Define  data se t by “RunDate” fo r each m onth
Inte rim  crite ria to  se lect one  Pare to  so lution per 

realization
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Results o f MOEA fo r Tam pa Bay Water’s Seaso nal 
So urce  Allo cat io n : Mo del run  Octo ber 20 16
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Results o f MOEA fo r Tam pa Bay Water’s Seaso nal 
Source  Allocat ion : Pare to  opt im al so lu t ions
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Results o f MOEA: Filte ring o f Pare to  So lu t io ns



17

Co m pariso n  be tween  heurist ic-p lann ing and  
MOEA-assisted  p lann ing: o perat io nal d iffe rences
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Co m pariso n  be tween  heurist ic-p lann ing and  
MOEA-assisted  p lann ing: o b ject ive  d iffe rences
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MOEA-assisted  Seaso nal Allo cat io n : 
Real- t im e Im plem entat io n
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Real- t im e im plem entat io n  o f MOEA-
assisted  so urce  allo cat io n

Different inputs o f the  m odel run, e .g., seasonal 
dem and fo recasts and water availability fo recasts, 
prepared at the  beginning o f the  m onth
Model run: ~6 hours
Postprocessing: test use  o f Power BI
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Real- t im e im plem entat io n  o f MOEA-
assisted  so urce  allo cat io n : po stpro cessing
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Applicat io n  o f MOEA Results: Challenges

 Distilling the  huge  am ount o f output 
info rm atio n to  de term ine  final decisions on 
allocation

 Com m unicating uncertainty/ risk

 How to  inco rpo rate  feedback to  info rm  decision 
processes
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Co nclusio ns

Collabo rative  research am ong Water Research 
Foundatio n, Universities and Water Utilities he lps to  
develop tailed decision too ls (WRF pro ject # 4941)

MOEA provides a fram ework fo r Tam pa Bay Water to  
fo rm ulate  its seasonal source  allocation in  a rigid  
m odel

 Challenges exists in  using eno rm ous am ount o f 
info rm atio n to  develop on- ground decisions
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