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IWFM: Integrated Water Flow Model

e Generic integrated hydrologic modeling software

e Simulates water flow within the hydrologic cycle;
land surface, root zone, unsaturated zone,
groundwater, streams, lakes

e Calculates agricultural and urban water
demands; uses stream diversions and
groundwater pumping to meet the demands

e Notable applications: C2VSImCG
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IWFM: Integrated Water Flow Model

e Generic integrated hydrologic modeling software

e Simulates water flow within the hydrologic cycle:
land surface, root zone, unsaturated zone,
groundwater, streams, lakes

e Calculates agricultural and urban water i
demands; uses stream diversions and ‘
groundwater pumping to meet the demands

e Notable applications: C2VSimCG, C2VSimFG,
SVSim, local models to assist development of
GSPs




Some Requirements for IWFM

e Accurate simulation of the physical system

e Reusability: Ability to use the same model codeset for different purposes
s Develop applications

* Power visualization and analysis tools, graphical user interfaces
% Link to other types of models

* Callable from different programming languages

e Adoptability: Ability to incorporate new simulation techniques without affecting
previously developed applications

e Modularity: Ability to split the model into smaller, stand-alone components

e Speed in running applications and in retrieving results




Reusability: Post-Processing and Analysis Tools
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Initial need emerged when
developing post-processing tools

s IWFM ArcMap Graphical User
Interface

< IWFM Tools Excel Add-in
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e Initial need emerged when
developing post-processing tools

s IWFM ArcMap Graphical User
Interface

< IWFM Tools Excel Add-in

e Avoid replicating existing logic in
a different programming language

AutoSave

) Excel P search

File ~ Home Insert

2 |

Page Layout ~Formulas Data Review View Developer Help IWFM Tools Acrobat Team

[ import Budget About
B import Z-Budget

Delimited

Data Export | Tabulate Data Import Help
AL IWFM ROOT ZONE PACKAGE (v4.11.0076)
A B C D E F G
1 [IWFM ROOT ZONE PAIk KAGE (v4.11.0076)
2 ROOT ZONE MOISTURE BUDGET IN AF. FOR Subregion 1 (SR1)
3 SUBREGION AREA: 398433.29 AC.
4
5 Time Ag. Area (AC.) Ag. |
6 10/31/1973 12:00 AM 29499.10 Choose Budget HDFS File
7 11/30/1973 12:00 AM 29499.10 E\Work_Documents\C2VSIM\C2VSimFG_v1.0WORKING_COPY\Resulis\C2VSimFG_RZ| | Browse.
8 12/31/1973 12:00 AM 29499.10 _ _
Output Conversion Factors and Units Output Begin DateTime Output End DateTime Output Interval
9 01/31/1974 12:00 AM 29499.10
) Length: 10| ft 10/31/1973_24:00 ~ | |09/3011975_24:00 ~| |[iMON
10 02/28/1974 12:00 AM 29499.10 . [2295602.0) AC
11 03/31/197412:00AM  29499.10 votume. [2295%0E0 o Location for Data Import ColusforDeta Import
12 04/30/1974 12:00 AM 29499.10 Al Al A
Subregion 1 (SR1) Ag Area (AC)
13 05/31/1974 12:00 AM 29499.10 Subregion2 (SR2) Ag_Potential ET
Subregion 3 (SR3) Ag.Precipitation
14 06/30/1974 12:00 AM 29499.10 Subregion4 (SR4) V| |Ag Runofft
15 07/31/1974 12:00 AM 29499.10
[ Data Import by Location Group
16 08/31/197412:00AM  29499.10 ey
17 09/30/1974 12:00 AM 29499.10 e —— —— —
18 10/31/1974 12:00 AM 29499.07 3393.24 4458.93 195.84 2771.55
19 11/30/1974 12:00 AM 29499.07 2263.14 3819.11 106.83 801.63
20 12/31/1974 12:00 AM 29499.07 2341.54 11326.58  2802.47 46.37
21 01/31/1975 12:00 AM 29499.07 3722.55 5389.42 550.16 127.84
22 02/28/1975 12:00 AM 29499.07 1866.83 21898.62 10240.80 149.66
23 03/31/1975 12:00 AM 29499.07 2997.62 19337.19  9947.71 421.55
24 04/30/1975 12:00 AM 29499.07 3650.25 4858.50 520.95 4197.55
25 05/31/1975 12:00 AM 29499.07 6015.01 343.21 0.51 9083.25
26 06/30/1975 12:00 AM 29499.07 6303.29 781.23 0.16 9481.48
27 07/31/1975 12:00 AM 29499.07 6167.60 1245.04 7.50 10116.16
28 08/31/1975 12:00 AM 29499.07 5492.98 1941.35 9.37 9213.75
Sheetl | Subregion 1 (SR1) 5 ‘

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Reusability: Post-Processing and Analysis Tools

Water Ag. Net Return Flow Ag. Beginning Storage (+) Ag.

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

30.94
2.56
2.29
4.85

16.02

21.20

871.77
479.69
513.31
454.07
523.55
445.61
171.21

40.08
232
6.39
7.48

21.08

866.04
454.16
474.92
505.81
466.50

H &

m

16580.27
14546.25
15774.53
15642.14
15458.40
14655.24
15238.40
14366.06
13744.58
13357.44
14586.88
13826.77
13266.93
13435.01
13219.34
14639.36
13505.11
15586.14
15306.96
14227.04
13562.26
13189.22
13335.10




Reusability: Linking Different Types of Models
| Traditional Approach: Data Passing via Files

® Requires code modification to generate files and to read files generated
by other model(s)

e Model dependent; different files to read and write for different types of
linked model

e Difficult to maintain

Model B Files

Model Model

Model A Files




Reusability: IWFM API

e A library of callable functions
Integrated Water Flow Model

e Functions can be called in different order to achieve IWFM-2015
different goals

Programmer’s Manual

Emin C. Dogrul and Tarig N. Kadir

e Same codeset used for different purposes and in
different types of applications eliminating repetitive
coding and inconsistencies

e Callable from different programming languages
< Python

’0

» Java
Fortran, C, C++
“ .NET languages (C#, VB)

’0

» Visual Basic for Applications

o
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Reusability: IWFM API

e Allows interacting with an IWFM application during —
runtime (supports model linkage) lntegratedmt_j;?ow Model
% Modify crop areas based on water availability and
economics (e.g. linked SWAP-C2VSim) Programmer’s Manual

Emin C. Dogrul and Tarig N. Kadir

* Modify stream boundary inflows and diversions based
on legal and operational constraints (e.g. CVSOM)

* Link neighboring IWFM models to simulate boundary
flows dynamically (IWFM-MM)

* Modify pumping and diversions based on water
quality constraints

Bay-Delta Office, California Department of Water Resources, 1416 Ninth Street, Sacramento, CA 95814

» Dynamic visualization of simulation results




Reusability: IWFM API

e Allows interacting with an IWFM application during
runtime (supports model linkage)

» Pause model in the middle of a run

» Simulate the same timestep as many times as
needed

* Retrieve model results for the timestep simulated last
% Modify model input during the runtime

¢ Do all of the above with a wrapper program using a
predefined logic

DWR Technical Memoran dum

Integrated Water Flow Model
IWFM-2015

Revision 1273

Programmer’s Manual

Emin C. Dogrul and Tarig N. Kadir

Bay-Delta Office, California Department of Water Resources, 1416 Ninth Street, Sacramento, CA 95814
September 2021




e “Democratization” of processing, visualization and analysis tools
s User-developed Jupyter Notebooks
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& 1_ProcessGWLs - Jupyter Noteb- X == et
& > C @ localhost:8888/notebooks/1_ProcessGWLs.ipynb
: Jupyter 1_ProcessGWLS Last Checkpoint: 32 minutes ago (unsaved changes)
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In [8]: begin_time = dt.now()

model.process_residuals() m———————— 7. Process residua

print(“Residuals processed in %s seconds.” %(dt.now() - begin_time))

Residuals processed in ©:00:02.229764 seconds.

In [10]: begin_time = dt.now()

model.process_residuals(use_filter=True,query="Subbasin_1',
time_filter=True,
begin_date='19981001",
end_date="'20150930",
report=False,
fig_size-10)

print("Object created in Xs seconds.” %(dt.now() - begin_time))
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o9 Plot budget graphs
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Reusability: IWFM API

e “Democratization” of processing, visualization and analysis tools
s User-developed Jupyter Notebooks

** A layer between user’s tool and the IWFM model that breaks the dependency
between the two; user’s tool don’t depend on IWFM input/output data structure
and format
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Reusability: IWFM API

e “Democratization” of processing, visualization and analysis tools
s User-developed Jupyter Notebooks

** A layer between user’s tool and the IWFM model that breaks the dependency
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e Monte-Carlo simulations
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Reusability: IWFM API

e “Democratization” of processing, visualization and analysis tools

s User-developed Jupyter Notebooks

** A layer between user’s tool and the IWFM model that breaks the dependency
between the two; user’s tool don’t depend on IWFM input/output data structure

and format
e Monte-Carlo simulations

e Development of surrogate models through machine learning




Adoptability

e Ability to incorporate new simulation techniques
without affecting previously developed applications

e Use of Object Oriented Programming concepts
e Use of design patterns

e Code reusability and extension are emphasized

. @ Allows quick implementation of new simulation

methods in addition to existing methods

SCIENTIFIC

SOFTWARE
DESIGN

The Object-Oriented Way




Modularity

e Ability to split the model into

smaller, stand-alone
components
<+ IWFM Demand Calculator
(IDC)
IWFM-Core

«» Groundwater DLL

e Simplifies calibration process
(IDC) |
[ LaKva.0 |
e Different components can be

linked to different models
(groundwater DLL in CalSim 3)




Speed

e Implementation of HDF files for fast results retrieval
+» Database designed for scientific applications to store numbers

* Very efficient to retrieve data in different ways
o Retrieve spatial data at a fixed time
o Retrieve timeseries data at a fixed location

¢ Especially useful in processing Z-Budget data

e Use of parallel processing (OpenMP)

* Up to 50% faster runtimes depending on model and hardware




Questions?




