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CALVIN

[_] Not included in CALVIN

- Sacramento Valley and Bay Delta
- San Joaquin and South Bay
i Tulare Basin

I:I Southern California

Surface Reservoirs

Groundwater Centroids

Pumping Plants

Power Plants

Agricutural derands > ~1250 nodes
_ »  ~600 conveyance links

49 surface reservoirs
38 groundwater reservoirs

>
>
» 88% of CA's irrigated acreage
>
A\

BSOS ® <« )

=

92% of CA’s urban population

e = @)
https://cwn.casil.ucdavis.edu
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HOBBES Database

» Online Database Classical Approach

» Version Control 1| model

» Data Visualization
» Documentation /\
» Collaboration

2|/ data| 2|data

: 3 modell N -
CALVIN PyVIN Other Models

NS NS NS
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Modeling Environment

'
‘/ PYDMD » Pyomo is a Python-based, open-source optimization
modeling language

; Springer Optimi J

WillamE Hor . » Algebraic language similar to GAMS, AMPL
Jean-Paul Watson .
— .- » Easytoinstall: “conda install -c cachemeorg pyomo”
Pyomo — .
Optimization » User defined solvers:
Modeling e CPLEX'
in Python e GUROBI'
e CBC?
e GLPK?

@ Springer

_ (! free for academic purposes only, 2 open source)
http://www.pyomo.org/documentation
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CALVIN .

PyVIN .

Large-scale hydroeconomic model

Optimize water allocation to agricultural and urban users

Minimize statewide water scarcity and operating costs

HEC-PRM and VBA based

Less flexible
(limited to HEC-PRM)

Solver runtime: ~16 hr
(depending on initial solution)

Requires 32 bit Windows PC

i
March 2

Pyomo and Python based

More flexible
(full LP)

Solver runtime: ~1 min
(depending on solver)

Any computer

22017
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Time-series

HOBBES Matrix Creator
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cost
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PyVIN Model Structure

u Linear Programming Model with Gains & Losses
objective minimize Z = 7 7 7 Cijk * X; jk where
—~ j‘ = Z: total cost

X: flow on the arc

o v ~ c: unit cost (or penalty) )
mass balance Z Z Xijk = Z z Aijk * Xijie T bj b: external flow Ej Freely Available Solvers
ik ik

a: amplitude

upper bound Xijk < Uijk 1: lower bound ggl(':EX
u: upper bound
lower bound Xijk > lijk GUROBI

GLPK

H Abstract Model in Pyomo User installed and defined solvers

No dependency on any solver

A G

Separate data and model structure
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PyVIN Run Process

HOBBES

Input Data
 Network matrix

Model Run

« Specify data file and solver

Postprocess Results

HOBBES

Data Visualization

» Analyze results stored in *.csv files}

« Time-series plots & animation
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model = AbstractModel()
model.N Set()

model.k -~ Set()

model.A - Set( n-model.N+ model.N model.k)

model.source aram( model.N)

model.sink Param( model.N)

model.u am(model.A)

model. 1 Param(model.A)

model.a am(model.A)

model.c (model.A)

model.X (model.A, Reals)

def total_rule( ))E
(model.c[i,j, k]l model.X[i,j,k]
model.total ( total_rule,

def limit_rule_upper( ,
model.X[1i,], k]
model. limit_upper

v Js» K):
model.u[i,j, k]
(model.A,

d ( ’
model.X[1,],k]
model. limit_lower

2 Ja K
model.1[i,j,k]
(model.A,

(i,3,k)

minimize)

model.A)

limit_rule_upper)

limit_rule_lower)



PyVIN

- Output
%j: sodeLN mocel. )

9 model.N

4 A 4 4 A
 water deliveries « surface and » cost of shortage
to users groundwater to users and
storage WTP for

additional water

1-model.X[4, ], i model.A)
otal_rule, s ize)

storage.csv BRI

cost.csv

a ~N a ~N
» shadow prices * benefits of

Amm-n:at Hum:.moz . 0 o 0 1 M-mfl e 1E+12 Of Ca p a C I ty

A101.2002-11-30 HU101.2002- L] 0 1 [\ 1E412 . .

o T G B environmental expansion

A101.2003-02-28 HU101.2003- ] 0 1 0 1E+12

A101.2003-03-31 HU101.2003- 0 ) 1 o 16412 ﬂ OWS

A101.2003-04-30 HU101.2003- 0 0 1 ] 1E412

A101.2003-05-31 HU101.2003- 0 0 1 0 16412

A101.2003-06-30 HU101.2003- ] 0 1 0 1E412

A101.2003-07-31 HU101.2003- 0 0 1 (] 1E+412

A101.2003-08-31 HU101.2003- 0 0 1 [\ 1E412

e g A 5 dual - dual -

A102.2002-11-30 HU102.2002- 0 0 1 0 16412

A102.2002-12-31 HU102.2002- 0 0 1 0 16412 l Owe r upp e r

A102.2003-01-31 HU102.2003- 0 0 1 0 1E412

AR L 2 : : v L bound.csv bound.csv

T e e R b

B data.dat

March 22, 2017 CWEMF 2017 | msdogan@ucdavis.edu 10



Solver Time

>

>

Runs are
performed on UC
Davis College of
Engineering’s
HPC1 (High
Performance
Computer)

cbc, cplex and
gurobi are run in
parallel, and glpk
IS run in serial

March 22, 2017

time (second)
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10*

10°

102

10"

10°

108

_Jdmonth ________ L S S D S S — R | N - S
=" chcC
v o N O AN | I S
==¢==""Cpléex " glpk
Y=(9.83E-10)X21955!
B R B —— glpk i AT
cbc
e | Y=(5.59E-09)X" #3019
. + gurobi
1 Y=(3.77E-08)X 5244
L esticplex
1_minute ' Y=(7.84E-08)X" 41141
_dsecond @ ™ ! i _ . " ___ i ______ L e
N1 01 0
oV} ~ 1 (2] |
(e9) M 8 1
2 ¥ 3
| I !
104 10° 10°

number of decision variables
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Total Runtime

P iz ) i 3 R I —— cplex . S
: —s— glpk | » glpk
jos 1day . _____. .. /O L h Y=(288E-08)X 7"
- 1 =%== qurobi ] i
> leferences get : g 1 : $=b(g_11E_05)x1.27684
bigger as model N : ]

size Increases

» cplex and
gurobi have
similar total runtime

-
o
[

time (second)

—
o

# of decision G ol SECONC I ___________________________________________ h _______ _____________
variables output file size (json) Y o' 0
=i o L
35,827 ~7.5 MB 1071 ) : g: % :
1,430,915 ~300 MB ! : :
104 10° 108
2,933,335 ~602 MB number of decision variables

March 22, 2017 CWEMF 2017 | msdogan@ucdavis.edu 12



Solver Accuracy o

» Objective value
normalized to glpk

results

» cbc results slightly
lower

> Overall consistent
solver results

March 22, 2017

Normalized to glpk (%)

Solver Result Comparison

model size
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CALVIN to PyVIN

34683482

o " PyVIN
g ® CALVIN
2
(D- 16721683
5 1516 1487
 Similar results but faster z
runtime S N X
(16 hours VS. 1 minute) Trinity Shasta Folsom New Don Pedro Millerton
PYVIN 1000 |i|
« Easy-to-understand model.
only ~20 lines of code > 100 I
(solver takes care of the rest) = 1
“ .
N a1 h

-91-81-70-59-48-38-27-16 -5 5 16 27 38 48 59 70 81 91 102113

Error (TAF/m)
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Prellmlnary Results

Water Supply Portfolio

Agricultural Delivery

San Joaquin
& South Bay
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date: Oct-21

Sep-2003

Sep-2003
15



Data Visualization

» Animation tool

CALVIN Water Network €

> Inflow flow storage evaporatlon

Aggregate Flow

Cwncanl LArva 8D

S23P | =
1983-03-31 ’ ® Woter Nohatrs i 10 e e Sreen Reirder o4 & Mo
3,000 Value: 2,703.982
’ CALVIN Witer Network, Yhen Qiewh Taboa
! A o ey ek [P, ]

. . | PRI o T
2,250 Animation Layer +1 M 7 o
= : Voo £ \ AR
. - A “
LY St ) N
1,500 alows Q - ’ L“ o
750 I A A e
° -
N {
ihasto - a 1 (e
0 v - . o e ) - e da
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A A A A A A A A A A A A A o=
[CLARC LA N CC Tt '\9"& CLHIC AC i S C G C I Y '\9%‘& ABRT RIS Max Size 12 . e N \

19200101 Date Range [ seas . \ I

» Graph flow and storage , \ s
0 o v A 5 _

» Select time-period

90 OorBRINOPROCRIFPEAR~ONT B
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Limitations & Improvements

» Perfect foresight
»Run year-by-year to prevent perfect hydrologic foresight

» Groundwater representation

» Implement SGMA constraints on groundwater basins

»\Water rights

»Represent water rights in system operations
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Conclusions

» Free and » Version control » Online » Communication » Fast, state-of-
publicly and tracking documents, between the-art solvers;
available data changes via theses, journal modelers & cplex, gurobi

and model GitHub papers models and cbc



Useful links :Pyvm>

 CALVIN: https://calvin.ucdavis.edu/node

« HOBBES: https://hobbes.ucdavis.edu/node &
https://cwn.casil.ucdavis.edu

* PyVIN: https://github.com/msdogan/pyvin
* Network data: https://github.com/ucd-cws/calvin-network-data
* Network tools: https://github.com/ucd-cws/calvin-network-tools

Developers:
Mustafa Dogan, Max Fefer, Ellie White, Jon Herman, Justin Merz
Quinn Hart, Josue Medellin-Azuara and Jay Lund
contact: msdogan@ucdavis.edu
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